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Abstract 

Introduction Medicines with high toxicity profiles have a heightened risk of 

causing serious and fatal adverse drug effects (ADEs). General Practice (GP) is 

key in identifying and potentially preventing ADEs. While the use of genomic 

information has the potential to reduce ADEs, the robustness and reproducibility 

of genetic research findings are questionable. Hence, separating true positives 

from false positives and minimising the overabundance of false-positive signals 

is vital. 

Aim To assess the current state of the art in pharmacogenomics (PGx) of 

adverse drug effects and analyse whether variants previously reported to be 

associated with medically important adverse effects (MIADEs) replicate in the UK 

Biobank (UKBB). 

Methods and Materials Three separate systematic reviews of the literature were 

conducted to identify relevant studies. To identify high-risk medicines, data on 

serious and fatal ADEs from the UK pharmacovigilance was mapped onto GP 

prescription data in England. Previously described associations between variants 

and MIADEs related to high-risk medicines in GP and endocrine drugs for breast 

cancer were interrogated in UKBB. 

Results I created a list of variants associated with ADEs and further generated a 

set of variant–drug pairs significantly associated with MIADEs. I identified 

medicines with high toxicity profiles in GP and created comparative safety charts 

to support evidence-based decision-making around formulary choices. No 

statistically significant genotype-treatment interactions were found for either 

baseline measurements or incident MIADEs in UKBB. This included MIADEs 

related to statins, NSAIDs, antipsychotics and endocrine therapy. 

Conclusions 

None of the PGx findings tested were replicated in UKBB. This included 

associations between variants and MIADEs related to high-risk medicines in GP 

and endocrine agents, in relation to neither baseline measurements nor incident 

MIADEs. These variants are not accurate at identifying those who are at risk of 

developing MIADEs in patients receiving these treatments and therefore should 

not be considered for personalised recommendations.  
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1 Chapter One. Introduction 

1.1 Adverse drug effects can lead to significant morbidity and mortality 

Adverse drug events are defined as untoward outcomes that occur throughout or 

following the use of a medicinal product but are not necessarily caused by it as 

they might occur as a result of human errors. The definition of “adverse drug 

events” by the international CIOMS ADR Working Group and the European 

Medicines Agency (EMA) are undesirable and unintended noxious responses to 

a medicinal product which might arise from using it either within or outside the 

marketing authorisation terms including the off-label use, abuse, misuse, 

overdose, medication errors or from occupational exposure (1, 2). While “drug 

side effects” refer to any unintended drug effects, whether they are beneficial or 

harmful, “adverse drug reactions or effects” are adverse drug events that occur 

at doses normally used for treatment, diagnosis or prophylaxis excluding 

intentional overdose, errors in drug administration, therapeutic failures and non-

adherence (3). The terms adverse drug reactions (ADRs) and adverse drug 

effects (ADEs) are used interchangeably in this report to denote adverse drug 

events for which there is a reasonable possibility of a causal relationship between 

the drug and the unintended adverse event. 

All medications carry a risk of causing ADEs, and the benefits of a medication 

must outweigh its potential adverse effects. ADEs represent a major concern 

contributing to a significant increase in both morbidity and mortality and imposing 

a huge burden on health services with enormous financial costs worldwide (3–

10). ADEs are considered the fourth leading cause of death in the USA (3) with 

comparable figures for hospital deaths in Western countries (11–13). It was 

estimated that 200,000 deaths annually in the European Union (EU) are caused 

by ADEs (5). In addition to hospital admissions and prolongation of hospital stay 

(7, 8, 14, 15), ADEs can impact patients’ everyday activities (16–18) and lead to 

poor adherence as well as discontinuation of vital treatments. Furthermore, the 

ADEs-related burden on the National Health Service (NHS) is substantial with a 

considerable economic cost of around £2 billion per year (19). 

While the identification and further quantification of ADEs is considered a core 

element in clinical trials before approval, clinical trials are considered less 

effective for ADE detection. Thus, data from clinical trials has limited utility in 
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extrapolating and drawing conclusions about risks related to medication in routine 

clinical practice (20–27). During clinical trials, ADEs often remain undetected due 

to both the relatively small sample size of participants studied (28–31), and the 

short duration of follow-up as well as the strict inclusion criteria, which generally 

exclude the participation of the frailest (32). In contrast to easily identifiable and 

well-known ADEs that are frequently detected in clinical trials during the various 

pre-marketing stages, late-onset, as well as rare ADEs, are usually not 

recognised or detected until the post-marketing drug safety surveillance phase 

(i.e, in the real world or everyday clinical practice). During the post-marketing 

phase, medications are being used by a larger as well as more diverse range of 

patient populations than initially studied and for longer periods (30, 33–36). The 

relatively short duration of clinical trials and the emphasis on main outcomes may 

also impede the capture of unpredictable (37–39) and less common ADEs (40) 

that are rarely considered to be the primary endpoints and thus may not be 

precisely diagnosed or recorded. The various stages of drug discovery and 

development are described in (Figure 1.1). 

 

Figure 1.1 The process of drug discovery and development. 

This diagram demonstrates various stages of the process of drug discovery and development including the 
pre-clinical, clinical trials and post-marketing surveillance phases. 

The principal means of maintaining and assuring post-marketing drug safety is 

the spontaneous reporting of adverse events (referred to as pharmacovigilance). 

Pharmacovigilance is the key system for detecting and identifying drug safety 

signals (41, 42) and most of the medication-associated safety signals are flagged 

up via this pathway (36, 43). Examples include the FDA Adverse Event Reporting 

System (FAERS) database in the USA (44) and the MHRA Yellow Card Scheme 

(YCS), which is the established route for ADE reporting to the Medicines and 
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Healthcare Regulatory Agency (MHRA) in the UK (45). In this system, suspected 

ADEs are reported and submitted by both patients and healthcare professionals 

(HCPs) on a voluntary basis (46). The pharmaceutical industry has however a 

legal obligation to independently report ADEs relating to their medicinal products. 

While there is no encouragement to report relatively minor ADEs by regulators 

and policymakers (47), serious ADEs are usually well-reported even for 

established drugs. Hence, conducting analyses of reports related to serious 

ADEs contained in pharmacovigilance databases is potentially useful (48–50). 

While important findings have been published in the literature from analyses of 

ADE reports contained in pharmacovigilance databases (51), the utility of 

pharmacovigilance databases for pharmaco-epidemiological studies is limited, 

mainly because of the lack of an evidence-based approach. Without adjustment 

for confounding factors, including the period for which the medication has been 

in general use and the number of patients taking it, quantitative analyses and 

conclusions regarding the medication-related risks using data derived merely 

from ADE reports can be flawed (52, 53). To overcome the above-mentioned 

limitations (54), linking data derived from ADE reports to other observational data 

is therefore preferable (55, 56). 

1.2 High-risk medicines have a heightened risk of causing serious and 

fatal adverse effects 

Serious ADEs are associated with significant mortality and morbidity and usually 

impact the patient’s functional capabilities. The most common definitions of 

seriousness are those developed by the CIOMS WORKING GROUP (1, 57) and 

the International Conference on Harmonization of Technical Requirements for 

Registration of Pharmaceuticals for Human Use (ICH) (58, 59). The ICH 

introduced the following official definition of a serious adverse event: “Any 

untoward medical occurrence that at any dose results in death, is life-threatening, 

or results in persistent or significant disability or incapacity, or a congenital 

anomaly/birth defect or requires inpatient hospitalisation or prolongation of 

existing hospitalisation”. 

Examples of inherently serious ADEs include Designated Medical Events (DMEs) 

as per the European Medicines Agency (EMA) (60, 61), and Important Medical 

Events (IMEs) by EudraVigilance Expert Working Group (EV-EWG) based on the 

official ICH definition of seriousness (62). While some IMEs may not fulfil the 
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criteria for seriousness as per WHO in its administrative definition of 

pharmacovigilance activities (e.g., do not result in death or hospital admission), 

these "medically serious events" are still encoded as serious in most 

pharmacovigilance databases as they may jeopardise the patient’s health or 

require treatment or intervention in the emergency department in order to prevent 

serious outcomes. Examples of grading scales of severity of ADEs include the 

Common Terminology Criteria for Adverse Events (CTCAE) (63), which are 

usually used in randomised controlled trials (RCTs). ADEs in the CTCAE 

standardised grading scale are considered mild or moderate (grade 1/2) or 

severe (grade 3/4). 

The proportion of ADEs that are considered serious or life-threatening varies from 

2.2% to 29.79% (64–66). This very broad range reflects the wide variation in the 

populations, study designs, endpoints and follow-up periods examined as well as 

measurement methods used. It has been estimated that 30%–70% of serious 

ADEs leading to hospitalisation are deemed predictable and therefore potentially 

preventable (64, 67–71).  

Access to reliable information on the safety of medicines is key in the context of 

shared decision-making in patient-prescriber encounters. Both the General 

Pharmaceutical Council (72) and the UK General Medical Council (73) 

emphasise the importance of effective and safe prescribing. Hence, providing 

HCPs and patients with real-world data on drug safety is vital to facilitate 

evidence-based and informed decision-making. This is crucial in particular in 

ageing populations such as in the UK with a steady rise in multimorbidity and 

polypharmacy, which are more prone to serious ADEs and their associated 

adverse consequences (74–77). 

Serious ADEs are more frequently linked to medications with a high-risk profile. 

This is particularly evident in critical therapies employed for prolonged periods in 

the management of significant diseases. Such vital treatments often pose 

additional challenges, as their associated toxicities contribute to suboptimal 

adherence and/or potential discontinuation. This, in turn, jeopardises treatment 

efficacy, resulting in a substantial increase in mortality rates. An illustrative key 

example is the extended use of endocrine therapy in the context of breast cancer 

(BC), spanning 10-15 years. The toxicities associated with this therapy are a 

significant factor in suboptimal treatment adherence, high recurrence and low 
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survival rates. Despite advancements in breast cancer treatment leading to a 

decline in mortality rates, BC remains the most common cause of cancer-related 

death in women, primarily due to recurrence and metastasis (78, 79). Previous 

research demonstrated that fewer than 50% of women successfully complete the 

5-year endocrine therapy course, contributing significantly to a 20% rise in BC 

mortality (80–82). 

In the context of medication safety, it is important to acknowledge that there often 

exist multiple similar medication options for a given indication and the limited 

availability of tools to objectively compare their safety profiles. Thus, the 

significance of safety tools for predicting the relative safety of medications within 

a therapeutic class cannot be overstated. 

1.3 Primary care plays a key role in identifying and potentially preventing 

adverse drug effects 

Most patient safety research has been conducted in hospital settings (83, 84), in 

which substantial progress has been achieved. However, most patient care is 

managed and coordinated in primary care, where most medicines are prescribed 

(85). Further, ADEs are very common in this less controlled environment with an 

estimated incidence ranging from 6% to 80% (86). Primary care settings are 

however still perceived as less risky compared to specialist care settings (87, 88). 

This is mainly due to the failure to differentiate between absolute and relative 

risks (89). Of note, approximately one-fifth of ADEs in primary care settings are 

considered preventable (90). Hence, primary care plays a gatekeeper role in 

identifying, monitoring and potentially preventing such ADEs. 

1.4 Use of inherited genomic information has the potential to reduce 

adverse drug effects 

In contrast to the homogeneous patient populations studied in clinical trials, 

individual patients in routine clinical practice respond to medications variably. 

While some individuals may not respond to treatment at typical doses, others may 

experience ADEs (Figure 1.2). Biologically plausible mechanisms by which ADEs 

are elicited are not yet fully explained. Inherited genetic variation can play a key 

role in susceptibility to ADEs, primarily via the changes in the pharmacodynamics 

or pharmacokinetics of medicines (91). Evidence from experimental studies and 

clinical trials indicates that particular genomic variants may predispose some to 
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the development of certain ADEs which can potentially be avoided through 

individualisation of drug therapies based on genetic information (92). Preemptive 

genetic testing has the potential to shift unpredictable ADEs, even those 

mechanistically undefined, to predictable ADEs therefore decreasing their 

incidence and severity (92–95). This is known as pharmacogenetics or 

pharmacogenomics (PGx). 

The publicly available Pharmacogenomics Knowledge Base (PharmGKB), which 

is a worldwide resource of pharmacogenomic (PG) biomarkers, provides a 

descriptive summary of PGx associations to which a rating based on "Strength of 

Evidence" is assigned (96, 97). Yet, PharmGKB is not updated at regular intervals 

and does not cover the literature in its totality and there is more literature that 

supports or contradicts a PG association that is not included in PharmGKB (98). 

As essential as it is to report instances with positive outcomes, it is equally 

important to report and evaluate studies that document either negative or null 

findings. The non-appearance of unpublished studies in PharmGKB has the 

potential to overestimate the PG effects and can be a source of bias.  

Hence, in the pursuit of investigating previously documented associations 

between genomic variants and ADEs, it is imperative to conduct a thorough and 

systematic review of the existing evidence of PGx pertaining to ADEs linked to 

the specific treatment modality under consideration. This rigorous review is 

essential for compiling a comprehensive list of variants that demonstrate 

significant associations with ADEs related to those medications. Additionally, 

synthesising evidence in a systematic and reproducible manner has the potential 

to provide the quality of evidence needed to improve evidence regarding PG 

testing of ADEs. Well-conducted systematic reviews in the context of clinical 

decision-making have become progressively the gold standard for evidence-

based practice in medicine (99–101). By occupying the top in the hierarchy of 

evidence in health care research (Level 1a), systematic reviews of RCTs are 

likely to provide high-quality research and the strongest evidence (102–104). 

Further, combining multiple studies reliably via meta-analyses can minimise the 

probability of both false-positive and false-negative findings and increase the 

precision and power of estimates of PG effects (105). 

Despite the increasing recognition of the potential value of widespread paradigm-

shifting personal genomics in mitigating ADEs, its implementation in clinical 
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practice is progressing at a markedly slow pace (106). To date, only a very few 

germline variants have been introduced into prescribing decision-making in this 

context. Two notable examples are severe hypersensitivity caused by the anti‐

HIV/AIDS medication, Abacavir (94) and the anticonvulsant medication, 

Carbamazepine (95). The impact of PGx on inter-individual variability in response 

to pharmacotherapy is often overlooked by HCPs in prescribing, in which this 

variability is often addressed by adjusting the dose or using a trial-and-error 

approach, leading to rises in empiricism in pharmacotherapy selection (Figure 

1.3). 

In addition to the concerns raised about the methodological quality of PGx studies 

(107), false-positive results are very common and therefore the majority of 

associations require multiple steps of replication. The lack of clarity regarding the 

generalisability of the results and the contradictory findings of PGx studies of 

ADEs underscores the need for a comprehensive assessment of the pertinent 

evidence and replication of previously described associations at scale. 

 

Figure 1.2 Inter-individual variability in response to pharmacotherapy in clinical practice. 

This schematic diagram shows that in contrast to clinical trials, individual patients respond to medications 
variably in routine clinical practice. While some individuals may not respond to treatment at typical doses, 
others may experience ADEs. 
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Figure 1.3 The current paradigm and PGx-based strategies to address the inter-individual variability in 
response to pharmacotherapy. 

This schematic diagram illustrates the current trial-and-error approach in prescribing and the potential role 
of PGx in personalised medicine. 

 

1.5 Reproducibility crisis of research findings in genetic studies 

There has been more attention to initial discoveries of genetic association rather 

than reproducible research, on which scientific progress should be predicated 

(108). In addition to helping separate true positives from false positives and 

minimise the overabundance of false-positive signals, findings from replication 

studies are invaluable for researchers who may consider extending their analyses 

or attempting to conduct a follow-up replication study. It is evident that replicating 

genotype–phenotype associations in human genetics, particularly across 

different populations, is a challenge (108, 109). The overwhelming majority of 

previously reported human genetic associations including PGx have not been 

successfully replicated in independent samples at large scale (109–113). Most 

genetic associations do not stand the test of time (114, 115) and their effect 

estimates drop as follow-up replication studies are attempted (i.e. winner's curse) 

(116). 

Published reports usually had an overall larger effect size compared to grey 

literature and the adverse impact of publication bias can be detrimental and 

misleading, particularly where there is no real effect (117, 118). This is of 

considerable importance, especially in safety outcome measures, for which 

reporting outcome bias is widespread and significant (119). Causes of spurious 

genetic associations include but are not limited to, small sample size, poor study 
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designs, imbalance between cases and controls, data dredging or “fishing”, 

reporting bias and failure to apply rigorous statistical significance thresholds 

(120). There are also a plethora of potential reasons for non-reproducibility. For 

example, replication has been more successful within populations than across 

populations due to environmental variation, genetic heterogeneity, population 

stratification or differences in allele frequencies among patients’ samples (115). 

The identified negative findings of genetic research in the literature are only the 

tip of the iceberg as not all studies conducted have been written up and 

subsequently submitted for publication (121). Investigators’ reluctance to 

acknowledge non-significant findings and unwillingness to provide or share their 

negative findings is very common. Clearly, negative results usually complicate 

the authors’ interpretation and render drawing decisive conclusions in the context 

of previous positive results challenging (122). Refuting established or previously 

reported associations in the literature presents a challenge. In addition to a 

general enthusiasm for publishing positive reports, financial incentives for 

securing significant findings exist and may enhance this practice. The 

pharmaceutical industry may also encourage some researchers to exaggerate 

conclusions, particularly for pharmaceutically funded clinical trials or select a 

subset of the original outcome variables analysed and report the significant 

associations. This is very noticeable when the final publications are being 

compared to their original protocols (123, 124). While they are not exclusively 

responsible for publication bias, editorial policy and reviewers are always 

conscious of limited space in their journals and potentially thinking that negative 

results may distort the medical literature and are therefore not worthy of 

publication. Statistically significant findings are on average four times more likely 

to be accepted for publication and cited than reports of non-significant or null 

results (118, 125). This encourages some researchers to search for statistical 

significance by pursuing different tests or conducting analyses of several 

subgroups or endpoints without correction for multiple testing to prevent false 

positive results (126). Reporting outcome bias can arise due to the selective 

within-study reporting of outcome measures despite measuring a wider array of 

outcome variables or omitting key outcome measurements that are routinely 

collected and recorded based on the direction and nature of the results (127, 

128).  
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1.6 Biobanks provide an unprecedented opportunity for 

pharmacogenomics research 

Recent advances and fast progress of developments of genomic technologies as 

well as the rapid increase in both computational techniques and bioinformatics 

resources allowed for genotyping and analysing massively high-throughput data 

at low cost (129, 130). This provided opportunities to enhance our understanding 

of the underlying variations underpinning the risk of some complex diseases 

(131–133). The availability of bio-banking with both genetic and real-time clinical 

data has also progressed at a rapid pace in both scale as well as resolution. This 

enabled studying thousands of traits as well as both rare and common 

phenotypes simultaneously (133). Examples of large biobanks with genome-wide 

and phenome-wide combinatorial data include; The Electronic Medical Records 

and Genomics (eMERGE) Network which comprises nine geographically distinct 

groups (134), the UK Biobank (UKBB) which recruited around 500,000 people 

(135, 136) and deCODE Genetics (137). 

With its large sample size and linking genetics to clinical data, the UKBB provides 

a unique opportunity to examine the risk of ADEs conferred by genetic variants 

at scale. This is expected to improve preventative and surveillance measures and 

potentially pave the way for a new era of “precision personalised medicine” (138, 

139). Studies using data from the UKBB have already demonstrated its capacity 

to further our understanding and provide valuable insights into the field of PGx 

(139). Due to the restricted research funds and the existence of various 

guidelines established by various PGx working groups for many medicines, 

prioritising PGx analyses in such biobanks is essential. 

1.7 Aim 

To assess the current state of the art in PGx of ADEs in the literature and analyse 

whether previously described associations between variants and MIADEs 

replicate in the UKBB. 

1.8 Objectives 

I. To create a comprehensive list of variants associated with ADEs and further 

curate a set of those significantly associated with medically important ADEs 

(MIADEs). 
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II. To test previously reported associations between variants and MIADEs 

related to high-risk medicines in GP in the UKBB. 

III. To systematically review and critically describe the current evidence of PGx 

of ADEs related to endocrine therapy in breast cancer (BC). 

IV. To construct a list of variants significantly associated with MIADEs related to 

endocrine therapy in BC. 

V. To examine associations between previously reported variants and MIADEs 

related to endocrine therapy in BC, in the UKBB. 

VI. To create comparative safety visual tools for medications within the 

therapeutic class to support evidence-based decision-making around 

formulary choices. 
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2 Chapter Two. A Comprehensive Assembly of Genomic 

Variants Associated with Adverse Drug Effects: A Systematic 

Review and Pharmacogenomic Meta-analysis 

2.1 Abstract 

Background/Aim There is increasing evidence that ADEs can be predicted and 

potentially prevented through pretreatment PG testing. Previous systematic 

reviews investigated single drugs and a single genetic variation or gene and 

focused on a specific type of ADE or toxicity. A full list of variants associated with 

a risk of ADEs has however not been collated. I aimed to create a comprehensive 

list of variants associated with ADEs and further generate a set of variant–drug 

pairs significantly associated with MIADEs. 

Materials and methods Two separate bibliographic searches of the literature 

were conducted to identify all PGx studies of RCTs, post-hoc analyses of RCTs, 

and meta-analyses. MEDLINE, Embase, Cochrane Library/Cochrane Register of 

Controlled Trials and Google Scholar databases were searched from inception to 

27th May 2020. The list of variants associated with ADEs was further curated to 

generate a set of variant–drug pairs significantly associated with MIADEs with 

fully specified and interrogable genotypes and the International Classification of 

Disease (ICD-10) codes for indications of the related medicine(s). 

Results A total of 254 RCTs and post-hoc analyses of RCTs, and 207 meta-

analyses were included in the list of variants associated with ADEs. 

Chemotherapy-based regimens were the most common therapeutic modalities 

examined in the identified studies. A set of variant–drug pairs significantly 

associated with MIADEs with fully specified genotypes and ICD-10 codes was 

also synthesised. 

Conclusions This is the first study that created a comprehensive list of variants 

associated with ADEs and generated a set of variant–drug pairs significantly 

associated with MIADEs with fully interrogable genotypes and ICD-10 codes. As 

this analysis yielded a large and broad array of articles with significant 

heterogeneity and mixed findings, further replication is essential. 
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2.2 Introduction 

Evidence from experimental and clinical studies indicates that certain genomic 

variants may predispose some to the development of certain ADEs (92). Yet, a 

comprehensive and up-to-date list of PG variants associated with ADEs does not 

exist. While PharmGKB is a worldwide resource of PG biomarkers, it is not 

updated at regular intervals and does not cover the literature in its totality. There 

is more literature that supports or contradicts a PG association that is not included 

in PharmGKB (98). Besides, there have been concerns about the methodological 

quality and false positives in PGx studies (107). Thus, to provide robust evidence 

in the context of PGx of ADEs, it is vital to synthesise the current body of literature 

in a systematic and reproducible manner. 

Well-conducted systematic reviews in the context of clinical decision-making 

have become progressively the gold standard for evidence-based practice in 

medicine (99–101). By occupying the top of the hierarchy pyramid of evidence 

(Level 1a) (140), systematic reviews of RCTs are likely to provide high-quality 

research and the strongest evidence (102–104). RCTs are inherently of higher 

quality with a lower likelihood for many biases compared to non-randomised 

studies, in which the PG effects are usually overestimated. Compared to other 

study designs, RCTs are better characterised and usually registered in advance 

with protocols in which the clinical endpoints are typically pre-defined. In addition 

to consideration of the favourable outcomes, almost all well-conducted RCTs are 

expected to consider and provide a detailed summary of the safety profile(s) of 

the intervention(s). Besides, patients’ adherence to treatment is usually 

monitored throughout the study and ADEs are systematically collected and 

accurately graded (141). This makes it substantially more accurate to attribute 

observed ADEs to the therapy used in RCTs and ultimately helps minimise the 

risk of confounding factors, publication bias and selective reporting (142, 143). 

Further, combining multiple studies reliably via meta-analyses can minimise the 

probability of both false-positive and false-negative findings and increase the 

precision of the estimates of PG effects (105). 

In certain situations, RCTs are not suitable or feasible to be performed due to 

ethical reasons (144, 145) and therefore other types of study designs can 

facilitate decision-making (146, 147). Additionally, many ADEs might not have 

been previously identified or pre-determined when the RCTs were designed. 
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Besides, the paucity of well-designed RCTs in the context of PGx of ADEs is 

particularly evident (148). Hence, both RCTs and post-hoc analyses of RCTs (i.e., 

PG associations which were performed in a retrospective manner) as well as 

meta-analyses were included in this analysis. This helps enrich the list of variants 

by encompassing both primary and secondary literature (149). As MIADEs are 

associated with significant mortality and morbidity, I aimed to further curate the 

list of variants associated with ADEs to generate a set of variant–drug pairs 

significantly associated with MIADEs. 

2.3 Aims 

I. To collate a list of variants associated with ADEs 

II. To generate a set of variant–drug pairs significantly associated with MIADEs. 

2.4 Objectives 

I. To perform systematic reviews of the literature to identify RCTs, post-hoc 

analyses of RCTs and meta-analysis studies. 

II. When appropriate, conduct meta-analyses of the identified RCTs and post-

hoc analyses of RCTs. 

2.5 Materials and Methods 

2.5.1 Data sources and search strategy 

To ensure there were no previous or ongoing systematic reviews addressing the 

same research question, I conducted scoping searches in various databases 

using general search terms. This included the Database of Abstracts of Reviews 

of Effects (DARE) which comprises critical appraisals of systematic reviews with 

regard to health interventions (150), the Cochrane Database of Systematic 

Reviews (CDSR) which includes regularly updated systematic reviews with 

respect to the effects of interventions in healthcare contexts conducted by the 

Cochrane Collaboration (151), and Database of Promoting Health Effectiveness 

Reviews (DoPHER) (152). Since most guidelines rely on systematic review 

evidence, I also searched the National Institute for Health and Clinical Excellence 

(NICE) (153) and the Scottish Intercollegiate Guidelines Network (SIGN) (154). 

This systematic review was guided by a peer-reviewed protocol and followed the 

Preferred Reporting Items for Systematic reviews and Meta-Analyses (PRISMA) 
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statement (155). To identify variants conferring the risk of ADEs, I conducted 

bibliographic computerised searches using several different databases that 

catalogue published literature, namely MEDLINE and Embase via the Ovid 

interface and Cochrane CENTRAL/Cochrane Register of Controlled Trials 

databases. Searching more than two bibliographic databases as per the 

AMSTAR guidelines (156). This search was also supplemented with 

comprehensive searches in the non-traditional and more encompassing platform, 

namely the Google Scholar database. The searches in Google Scholar were 

carried out without any language or date restrictions via its “Advanced Search 

Portal” by applying highly articulated modes of execution and operation such as 

Boolean operators and scope qualifiers (Table 2.14 [Appendix]). This is expected 

to retrieve reports published in journals not indexed in the above-mentioned 

electronic databases. 

In addition to the peer-reviewed articles in journals that are indexed in the above 

bibliographic databases, I attempted to include grey literature and unpublished 

studies to minimise the effect of publication bias (157, 158). This was achieved 

by searching for pertinent theses, dissertations, conference abstracts or reports 

from independent investigations (159). Besides, additional sources such as study 

registries and other grey literature sources were sought (160).  

To retrieve RCTs and meta-analyses of PGx of ADEs, I devised search filters 

specific to each electronic database. To identify RCTs, I tested the reliability and 

performance of several pre-designed search filters as well as search filters which 

I customised for identifying relevant records in Embase and MEDLINE databases 

(see Table 2.6 [Appendix] for examples). Having treated the search filters as 

"diagnostic tests" for a segment of the literature represented by sentinel articles, 

I improved the search filter by determining the retrieval and the fractions of the 

records that failed to be detected by the different search filters. I ultimately used 

the sensitivity and precision maximising version of the Cochrane Highly Sensitive 

Search Strategy for identifying randomised trials suited for Ovid format (161). 

Having been validated and evaluated for their precision and sensitivity, these 

search filters are highly sensitive to retrieve relevant records without leading to 

low precision (162). To identify articles related to PGx of ADEs, I specified the 

corpus of key search terms and relevant constructs using a pool of pertinent 
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scholarly articles as well as the subheadings utilised to identify data on ADEs 

(163). 

The search filters were constructed using automatic term explosion and mapping’ 

features (164) using a combination of free text keywords, singular and plural, 

controlled vocabulary and delineated subject indexing related to the selected 

databases (e.g., Emtree and MeSH terms: Medical Subject Headings). To 

appropriately broaden or narrow the search results, spelling variations and 

synonyms of search terms as well as wildcards and truncations were used in the 

search string when applicable. The two clauses of these search terms were 

combined using Boolean operators including (AND, OR and NOT) among 

domains and within one domain (165, 166). 

To reduce the risk of missing relevant articles and to ensure that adequate 

saturation had been achieved, the search was supplemented with retrospective 

reference harvesting by manual searching for any eligible studies among the 

references of highly salient studies and landmark chapters, as recommended 

(167–169). To ensure the inclusion of all extant evidence, the methodology used 

in individual studies was investigated in the full-text papers and by interrogating 

the original trial registers to enquire about studies that used initials, acronyms or 

unique identification codes in the ‘’title’’ or ‘’abstract’’ (see Table 2.7 [Appendix]). 

When appropriate, the original investigators were also contacted to obtain 

missing information, seek clarification to determine the eligibility of a study for 

inclusion and identify any subsequent unpublished papers. 

In brief, I conducted two separate systematic reviews of the literature to identify 

variants conferring ADEs or toxicities from RCTs and post-hoc analyses of RCTs 

as well as meta-analysis articles. Studies were sought from MEDLINE (from 1946 

to 27th May 2020), EMBASE (from 1974 to 27th May 2020), Cochrane 

Library/Cochrane Register of Controlled Trials databases (CENTRAL), and 

Google Scholar without date restrictions. The database-specific search strategies 

are shown in (Table 2.8 & Table 2.9 & Table 2.10 & Table 2.11 & Table 2.12 & 

Table 2.13 [Appendix]). 
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2.5.2 Eligibility criteria 

2.5.2.1 The list of variants associated with ADEs 

To create a list of variants associated with ADEs, eligibility criteria were defined 

a priori and using the PICO framework (Population, Intervention, Comparison, 

Outcome) (170, 171) (Table 2.1), which is endorsed by the Cochrane 

Collaboration (172). To be included in this review, articles must have met the 

inclusion criteria and none of the exclusion criteria (Table 2.2). Due to the 

significant difference in randomisation designs between the majority of RCTs and 

post-hoc analyses of RCT studies compared to prospective genotype-guided 

treatment trials and pretreatment PGx screening studies, the latter were 

excluded. 

Table 2.1 The PICO four key components in this study 

Population Patients or participants of any age, gender, ethnicity, stage of disease, comorbidity  

Intervention Pharmacological interventions at any dose, frequency, timing, route of delivery or  in any 

treatment settings  

Comparison Comparison to the intervention can be either placebo or active comparator  

Outcome Incidence of at least one toxicity outcome of any grade or type whether acute, chronic or late-

onset, as either a primary or secondary outcome  

Table 2.2 Eligibility criteria for inclusion in the systematic review 

Inclusion Criteria Exclusion Criteria 

English-language publications Non-human studies 

Articles in journals, theses, dissertations Editorial articles, case reports, study protocols, ongoing 

studies 

Single or multi-centre RCTs of any design, length, 

follow-up period, setting 

No access to full text, meeting abstracts, conference 

proceedings 

post-hoc analyses of RCTs Non-randomised trials, single-arm trials, case-control, cohort 

studies (unless nested in RCTs) 

Meta-analyses RCTs with concerns over the integrity of the trial design or 

the randomisation process 

Any germline genomic variants Systematic or narrative reviews without meta-analysis 

Studies in which carriers of specific genotype(s) 

were only eligible or ineligible for enrolment 

GWAS/Meta-analyses of GWAS 

Metaboliser status, phenotypes or activity scores 

defined based on genotypes 

Gene expression, pathogenic variants, somatic variants, 

bacterial or viral genome variants 

Any length of intervention or follow-up Metaboliser status or phenotypes determined by biochemical 

assays 

Comparison to the intervention can be either 

placebo or active comparator 

Treatment algorithms (studies examined the combined 

genetic with clinical moderator) 

Toxicity outcome of any grade Genotype-guided treatment or pretreatment PG screening 

studies 

Toxicity-related death or discontinuation of therapy Irrelevant investigations (e.g., recreational drugs) 
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Composite outcomes provided included at least one 

ADE as a clinical endpoint 

Studies of radiation-induced toxicities or toxicity to 

organophosphate insecticides 

 Radio-chemotherapy or chemo-radiation with radiotherapy 

not applied on both treatment arms analysed 

Drug-drug interactions 

Surrogate measurements or biomarker levels for toxicities as 

an endpoint using in vitro assays 

Pharmacokinetics/ pharmacodynamics studies 

Adverse events or mortality due to reduced response to 

treatment 

Studies of response, disease progression, prognosis, 

recurrence, survival, treatment resistance, treatment failure, 

disease-related death, all-cause mortality 

Adverse outcomes such as addiction or 

physical/psychological dependence 

Acute/chronic transplant rejection due to reduced efficacy 

Economic evaluation studies 

 

2.5.2.2 The set of variants–drug pairs significantly associated with MIADEs 

The list of variants associated with ADEs was further curated to generate a set of 

variant–drug pairs significantly associated with MIADEs. To achieve this, variants 

related to cancer chemotherapy were excluded, unless they overlapped with 

indications related to other therapeutic classes (e.g., Methotrexate). Criteria for 

the definition of MIADEs were customised to address my research questions. 

MIADEs are defined as events contributed to seriousness and/or severity based 

on the investigators’ statements, events considered serious as per WHO and 

CIOMS criteria (1, 57) or severe as graded by CTCAE (63), DMEs as per the 

EMA (60, 61) and IMEs as per EV-EWG based on the official ICH definition of 

seriousness (58, 62). Composite toxicity outcomes were included provided that 

at least one of the incorporated toxicity endpoints fulfilled the inclusion criteria for 

MIADEs. Undefined discontinuation of treatment and underspecified toxicity 

outcomes such as (e.g., overall toxicity or Grade (1-4) or Grade (≥2) or 

moderate/severe) were excluded. For ambiguous toxicity outcomes, clinical 

judgment was exercised. 

The generated set of variant–drug pairs significantly associated with MIADEs 

were subsequently curated for possible future use by interpreting the haplotypes 

and star alleles into more specified and interrogable genotypes using allele 

nomenclature for Cytochrome P450 (173–175), nomenclature of HLA alleles 

(176), UGT1A and UGT2B haplotypes and SNVs (177). When available, I 
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reported rs IDs using dbSNP. To facilitate the potential use of these variant-drug 

pairs in future analyses in biobanks, I identified the related ICD-10 codes (178, 

179) for the indications of the related medicine(s) (i.e., conditions for which the 

culprit medication(s) are indicated). Diagnoses and phenotypes are usually 

coded in the clinically relevant electronic healthcare records data in most 

biobanks using ICD-10 codes. 

2.5.3 Study selection 

The search results from different databases were extracted from Ovid and 

Cochrane platforms, listed, organised, exported to the Reference Manager 

namely Mendeley and subsequently merged (180). Duplicated citations were 

then removed manually rather than using the built-in auto-function identification 

of duplicates. Manual hand screening to remove duplicates effectively in 

reference management software is recommended (181). 

Following the Cochrane guidance and best practice guidelines for systematic 

reviews (182), two reviewers (KM, LJ) working independently have performed title 

and abstract screening, and literature retrieval, assessed full-texts of all relevant 

studies and selected eligible articles by applying the pre-specified inclusion 

criteria. In line with the guidelines for Peer Review of Electronic Search Strategies 

(PRESS) for systematic reviews (183), disagreements and discrepancies 

identified between the two reviewers at stages of screening of abstracts/titles and 

full-text analysis were addressed jointly and resolved by discussion and/or 

consulting with the original study’s author when necessary to achieve consensus. 

After screening both titles and abstracts, irrelevant items were removed. To be 

over-inclusive at this point, articles deemed irrelevant were re-interrogated and 

further screened for any omitted eligible record by cross-checking for names of 

genes from sentinel reviews and Very Important Pharmacogenes (VIP) 

associated with toxicity (184) as well as using keywords that potentially confer 

toxicity or side effects (Table 2.15 [Appendix]). 

The full texts of all relevant studies that merit subsequent scrutiny were then 

retrieved and further assessed by applying the pre-specified inclusion and 

exclusion criteria consistently. Decisions on which studies to include were made 

via general consensus and tangentially relevant records were excluded. 
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2.5.4 Data extraction 

The key characteristics of the included studies were catalogued by extracting the 

relevant study-specific data into a spreadsheet for further analyses using 

Microsoft Office Professional Plus Excel® 2016 (185). To simplify the tables, the 

following data variables from the included studies were extracted and presented: 

treatment modality or therapeutic class, interventions(s) or culprit drug(s), toxicity 

outcomes, genomic variant(s) and reference (containing study’s authors and year 

of publication). For meta-analysis, quantitative data was subsequently collected 

from eligible studies. The relevant drugs identified were classified using the 

classification in the British National Formulary (BNF) (47). The variants 

associated with ADEs were annotated using the following font colour; Black 

colour to denote a significantly increased risk of ADEs, green colour represents 

a significantly reduced risk of ADEs, and red colour denotes a non-significant 

association with ADEs. 

2.5.5 Quality assessment 

The methodological quality of the studies was systematically evaluated in terms 

of the PICO framework and the application of strict inclusion criteria. This review 

included RCTs and meta-analyses from systematic reviews and therefore high 

methodological quality of such study designs is expected. Besides, due to the 

paucity of RCT designs in PGx of ADEs (particularly large, well-designed and 

conducted trials), I included such study designs provided they passed my pre-

specified criteria. 

2.5.6 Quantitative data synthesis and statistical analysis 

Quantitative data was extracted from studies eligible for quantitative synthesis 

and pooled where possible via a meta-analytical statistical approach. A meta-

analysis was performed provided that there were at least studies that do not differ 

substantially in terms of comparator, design, outcome measures, method and 

timing of ADE outcome measurements or ascertainment were considered for 

exclusion. To minimise heterogeneity in the meta-analyses and avoid performing 

multiple separate statistical tests (126, 186), both clinical (i.e., clinically 

meaningful interpretation) and statistical aspects (i.e., sharing a common 

metric) were taken into consideration to decide the appropriateness of 
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conducting a meta-analysis. Only studies investigated the same variant and 

treatment and similar measures of conceptually-related toxicity outcomes were 

combined. Studies that combined different or tangentially related outcomes 

altogether or created a composite measure of substantively dissimilar toxicity 

endpoints were also considered inappropriate for a meta-analysis, as drawing a 

general conclusion from such meta-analyses can be misleading. 

In case multiple studies used the same cohort, I included only the study with the 

largest analysis and/or longest follow-up period to eliminate over-representation 

of that particular patient data in the meta-analysis. For studies that provided 

individual patient data, I computed effect sizes for relevant outcomes using 

standard calculation procedures and converted them into a uniform metric before 

performing meta-analyses. Such individual patient data permitted pooling 

results from studies reporting different genetic models by re-computing the 

pertinent index of the PG effect. Studies without a common effect size metric 

but that used fundamentally different effect measures (continuous vs. 

dichotomous data) were not quantitatively synthesised. Correlations of change-

from-baseline measures in longitudinal studies were not combined with 

correlations at a particular point in time in cross-sectional studies. If multiple 

dissimilar effect size indices were reported within one outcome analysis (e.g., risk 

ratios or odds ratios), I re-calculated or transformed all indices to the most 

common reported metric. I combined similar indices such as risk ratios and 

odds ratios as they are almost equivalent, provided that the toxicity outcome 

of interest was not common. For studies that expressed the association by 

reporting fundamentally different indices (e.g., odd ratio, hazard ratio), I 

considered synthesising these studies separately to avoid confusion; This was 

accomplished by performing a meta-analysis for studies that reported ORs and a 

meta-analysis for those reported a HR separately, followed by a qualitative 

assessment for these subgroups. 

To visualise the overall pattern of the meta-analyses, forest plots were created 

and pooled estimates with their 95% confidence intervals were reported, 

consistent with best practice for reporting meta-analyses (187). To evaluate 

publication bias, I used funnel plots, which represent the effects estimated from 

individual studies against standard errors, a measure of study size. I used the 

metabias function in R software to test the regression for funnel-plot asymmetry 
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(i.e. there is no linear association between the effect estimate against its standard 

error) as recommended (188). Yet, funnel plots are only recommended to be 

performed when there were multiple studies in the meta-analysis (172). Thus, 

when the number of combined studies in a meta-analysis was <10, funnel plots 

and asymmetry tests were not used. This is because the power of the tests for 

funnel plot asymmetry would be too low to differentiate between real or chance 

asymmetry when few studies exist. 

Due to the wide diversity of characteristics of studies that met my broad criteria 

for eligibility, significant heterogeneity was expected and thus the random-

effects method was used to obtain more conservative estimates of statistical 

significance (189). It should be noted that when R software was used, both 

random-effects and fixed-effects statistical modes were reported by default. 

Having extracted and calculated the effect sizes for all relevant AE outcomes, 

pairwise random effects meta-analyses were performed (190) and data were 

pooled for outcome comparisons. The Mantel-Haenszel method and restricted 

maximum-likelihood estimator for tau^2 were used as a meta-analytical 

method. To measure the amount of variation in the reported effect sizes among 

the eligible studies in the meta-analysis, heterogeneity among the PG effects 

was tested and both I2 and p-value for the Q-statistic were reported (186, 191). 

To provide valid conclusions and minimise the likelihood that the meta-analyses 

are subject to multiplicity issues and their ramifications (126, 192, 193), the p-

values were adjusted for multiple hypothesis testing by applying Bonferroni 

correction as follows: the new alpha level (Bonferroni corrected p-value)= α/k 

where k stands for number of independent tests or comparisons performed and 

α represents the predetermined nominal level (usually 0.05) (194)(195). 

Analyses were performed and forest plots were created using Stata 16.0 

(StataCorp, College Station, TX) and the ‘meta’ package in software R (v 4.1.1). 

Both I2 and p-value for the Q-statistic were reported in the forest plots. 
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2.6 Results 

2.6.1 I identified 254 RCTs and post-hoc analyses of RCTs and 207 meta-

analyses of variants associated with ADEs 

The original search yielded 33,459 and 15,737 records which are potentially 

RCTs and meta-analyses, respectively. In the final synthesis, 254 RCTs or post-

hoc analyses of RCTs, and 207 meta-analyses were eventually included (Figure 

2.1 & Figure 2.2). Of these, there were 93 (37%) and 52 (25%) studies that did 

not report any significant associations, respectively. The full lists of variants 

associated with ADEs and the studies included in this systematic review are 

shown in (Table 2.4 & Table 2.5). 

 

Figure 2.1 PRISMA flow chart of systematic literature search and selection process of RCTs and post-hoc 
studies of RCTs. 
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Figure 2.2 PRISMA flow chart of systematic literature search and selection process of meta-analyses 
studies. 

 

2.6.2 Antineoplastic regimens were the most commonly investigated 

therapeutic modalities in the included studies 

Chemotherapy-based cytotoxic regimens were the most common therapeutic 

modalities examined in PGx reports included in this systematic review. 

Antiplatelet drugs (mainly Clopidogrel), antipsychotic drugs and rheumatic 

disease suppressant drugs (primarily Methotrexate) were the second most 

frequent therapeutic classes investigated by authors of the included studies 

(Figure 2.3). 

 

Figure 2.3 The therapeutic classes investigated in studies included in this systematic review. 
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(A) RCTs & post-hoc analyses of RCTs studies (B) Meta-Analyses studies. This bar chart shows that 
chemotherapy-based cytotoxic regimens are the most commonly examined therapeutic modalities in PGx 
reports included in this systematic review. Antiplatelet drugs were the second, antipsychotic drugs were the 
third most frequently therapeutic classes investigated whilst in meta-analyses rheumatic disease 
suppressant drugs were the second with antiplatelets ranking third. 

 

2.6.3 Only one of the meta-analyses of RCTs performed was statistically 

significant 

Of the RCTs and post-hoc analyses of RCTs identified, I performed 24 meta-

analyses including a total of 39 studies. Each meta-analysis included a range of 

two to fourteen studies. This comprised associations between CYP2C19 

genotypes or metaboliser status with bleeding risk in Clopidogrel treated patients 

in eighteen studies (196, 197, 206–213, 198–205), MTHFR 677 C>T and the risk 

of hepatotoxicity and gastrointestinal toxicities in patients treated with 

methotrexate in five studies (214–218), SLCO1B1 −521 T>C (rs4149056) and 

myopathy in patients taking statins in three studies (219–221), CYP2B6 516 G>T 

and CNS ADEs in patients taking efavirenz in two studies (222, 223), G6PD A− 

and severe anaemia in patients taking artemisinin-based combination therapy or 

Chlorproguanil-Dapsone-Artesunate (CDA) for malaria in seven studies (224–

230). Also, HLA-DRB1*01, MDR1 3435 C>T, MDR1 2677 G>T, CYP2B6 516 

G>T, CYP2B6 1459 C>T with the risk of hepatotoxicity in patients taking 

nevirapine were metanalysed in three studies (231–233). 

The association between G6PD A− and severe anaemia in patients taking CDA 

or artemisinin-based combination therapy for malaria was the only meta-analysis 

with a statistically significant summary effect size OR [95% CIs]= 15 [10.27, 21.9], 

p<0.0001 (Figure 2.4). None of the pooled effect sizes in the remaining meta-

analyses was significant after correction for multiple testing (corrected p-value 

=0.05/24=0.002). Results of all meta-analyses performed in this study are 

available in (Table 2.16 [Appendix]). I provided examples of the forest and funnel 

plots for the association of CYP2C19 LOF polymorphisms and bleeding risk in 

clopidogrel-treated patients in (Figure 2.6 & Figure 2.7 [Appendix]). 
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Figure 2.4 Meta‐analysis of G6PD A− and severe anaemia in patients taking CDA or artemisinin-based 

combination therapy for malaria. 

Meta‐analysis of seven studies examined G6PD A− and severe anaemia in patients taking CDA or 
artemisinin-based combination therapy for malaria. Individual and pooled odds ratios from studies were 
reported in the forest plot. Squares represent study-specific effect estimates and the size of the square 
reflects the study-specific weight (i.e., the inverse of the variance). The diamond represents the summary 
effect estimate with a 95% confidence interval, and the horizontal lines indicate 95% confidence intervals. 
Odds ratios (OR) and 95% confidence intervals (CI). 

 

2.6.4 I generated a set of variant-drug pairs significantly associated with 

MIADEs 

Having excluded variants associated with ADEs related to cancer chemotherapy, 

I generated a set of variant-drug pairs significantly associated with MIADEs. This 

set of variant–drug pairs associated with MIADEs was identified from 34 RCTs & 

post-hoc analyses of RCTs and 86 meta-analyses, respectively (Figure 2.5). The 

set of variant–drug pairs associated with MIADEs is itemised in (Table 2.3). The 

complete set of variant–drug pairs with interrogable genotypes and the related 

ICD-10 codes for indications of the related medicine(s) are listed in the 

Supplementary Excel file S1 & S2. 

 

Figure 2.5 The process of synthesising the set of variant-drug pairs significantly associated with MIADEs. 
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Variants associated with ADEs related to cancer chemotherapy were excluded, and only variant-drug pairs 
significantly associated with MIADEs were included. The set of variant-drug pairs was identified from 34 
RCTs & post-hoc analyses of RCTs and 86 meta-analyses. 

Table 2.3 The set of variant-drug pairs significantly associated with MIADEs 

Treatment or Drug(s) Variant (s) 

Abacavir HLA-B*57:01 

Antiretroviral Therapy 

(Nevirapine, Abacavir) 

HLA-A*24, HLA-B*18, HLA-*35, HLA-B *39, HLA-B*51, HLA-B*81, HLA-C*04 

Nevirapine HLA-B*58:01, HLA-DRB1*01 

Atazanavir UGT1A1*1/*28, UGT1A1*28/*28 

Efavirenz ABCB1 3435C>T 

Ribavirin ITPA rs1127354 CC, ITPA rs7270101 AA, ITPA rs6051702 AA, Absent ITPase 

deficiency haplotype 

Ritonavir-boosted Atazanavir UGT1A1 rs887829 T/T, UGT1A1*28/*28 

Antituberculous agents1 CYP2E1 RsaI/PstI polymorphism [RsaI is −1053C>T (rs2031920), PstI is 

−1293G>C (rs3813867)], CYP2E1 96-bp homozygous insertion allele (*1D/*1D), 

CYP2E1 homozygous (*1A/*1A), NAT2 481C>T (rs1799929), NAT2 590G>A 

(rs1799930), NAT2 857G>A (rs1799931), NAT2 282C-T (rs1041983), NAT2 slow 

acetylators or NAT2 ultra-slow acetylator [*5B/*6A, *5B/*7A, *6A/*6A, *6A/*7B, 

*7B/*7B], GSTT1 (null/null), GSTM1 null 

CDA or Chlorproguanil-dapsone G6PD A− 

Dapsone G6PD A−, HLA-B*1301 

Antipsychotics DRD3 Ser9Gly, Taq1A in DRD2 the A2 variant, CYP2D6*3, *4, *5, *6, *7, 

*12,*14, homozygotes for the *2 or *10 alleles 

Aripiprazole VNTR polymorphism in DAT1/SLC6A3 (rs28363170) 

Trazodone ABCB1 C3435T T/T 

Atomoxetine CYP2D6 PM [2 non-functioning alleles CYP2D6*3, *4, *5, *6, *7, *8 ] 

Citalopram GRIA3 rs4825476, GRIK2 rs2518224 

Paroxetine HTR2A -1438G/G 

Aromatic antiepileptic drugs HLA-A*24:02, HLA-B*15:02 

Carbamazepine HLA-B*15:02, HLA-B*1511, HLA-A*31:01, HLA-B*57:01 

Lamotrigine HLA-A*2402 

Oxcarbazepine HLA-A*3101, HLAB*1502 

Phenytoin HLA‐B*13:01, HLA‐B*15:02, HLA‐B*51:01, CYP2C9*3 

NSAIDs2 HLA-DRB1*11 

NSAIDs3 CYP2C8*3 (rs11572080; rs10509681), CYP2C9*2 (rs1799853), CYP2C9*3 

(rs1057910) 

Celecoxib ALOX15 (rs2255888), EP4 (rs4133101, rs13186505), GPX3 (rs8177406), PGES 

(rs2241271, rs2302821), CRP (rs1800947), SRC (rs6017996, rs6018256, 

rs6018257), CYP2C9*2 (R144C), CYP2C9*3 (I359L) 

Oxycodone ABCB1 G2677T/A 

ACE inhibitors MME rs989692, CRB1 rs2786098 T allele, ETV6 rs2724635 G allele 

ACE inhibitors or ARBs KCNMA1 rs2253202 

Metoprolol CYP2D6 PM 

Statins4 LILRB5 (rs12975366: T > C: Asp247Gly), SLCO1B1 (rs4149056: c.521T>C: 

Val174Ala) 

Clopidogrel ABCB1 rs1045642 (c.3435C > T), CYP2C19*17 rs12248560 (4195C→T/A) 

Warfarin CYP2C9*2 (rs1799853), *3 (rs1057910) 
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Methotrexate MTHFR C677T (rs1801133), MTHFR A1298C (rs1801131), ATIC 347C/G 

(rs2372536), ALDH2 rs671, SLC19A1 80G>A 

Thiopurine-based drugs 

(Azathioprine or 6-

mercaptopurine) 

NUDT 15 c.415C>T, NUDT 15 c.52G>A, TPMT variants 

(*2,*3A,*3B,*3C,*3D,*4,*5,*6,*7,*8,*10,*12,*21,*37,*40), ITPA 94C>A 

(rs1127354), ITPA IVS2 + 21A>C (rs7270101), NUDT15 R139C, NUDT15 

c.36_37ins/delGGAGTC, NUDT15 rs116855232 

Tacrolimus plus everolimus or 

mycophenolate 

FKBP2 c.-2110GG 

Sulfasalazine NAT2 slow acetylators 

Glucocorticoid5 PAI-1 –675 4G/5G (rs1799889), ABCB1 C3435T C allele 

Glucocorticoids6 GSTM1 (null/null) (homozygous deletion) 

Inhaled Corticosteroids ± 

Additional Corticosteroids7 

PDGFD rs591118 

Hormone Therapy8 GP6 13254 TC+CC genotypes, GP1BA −5TT genotype 

Letrozole or Tamoxifen CYP19A1 rs700518, ESR2 rs4986938 

Tamoxifen CYP19A1 rs10046 

Exemestane ESR1 rs9322336 

Antithyroid drugs 

(Carbimazole/Methimazole) 

HLA‐B*27:05, HLA‐ B*38:02, HLA‐DRB1*08:03 

Bisphosphonates CYP2C8 rs1934951, VEGF rs3025039 

Allopurinol HLA-B*58:01, HLA-A*33:03, HLA-C*03:02 

Lansoprazole CYP2C19 PMs [CYP2C19*2, *3, *8, or *9] 

Abbreviations 
ACEIs: Angiotensin-converting enzyme inhibitors, ARBs: angiotensin receptor blockers, CDA: Chlorproguanil-dapsone-
artesunate, NSAIDs: Non-steroidal anti-inflammatory drugs 
Antituberculosis agents1: [Isoniazid, rifampicin, pyrazinamide, ethambutol, streptomycin] 
NSAIDs2: [Dipyrone, Propyphenazone, acetic derivatives such as Diclofenac, Indomethacin, ASA] 
NSAIDs3: [Indomethacin, Celecoxib, Flurbiprofen, Ibuprofen, Meloxicam, Piroxicam, Tenoxicam, Naproxen, Aceclofenac, 
Diclofenac, Ketorolac, Dexketoprofen] 
Statins4 (Simvastatin, Rosuvastatin, Cerivastatin, Simvastatin, Atorvastatin) 
Glucocorticoids5: [Prednisone, Dexamethasone, Methylprednisolone] 
Glucocorticoids6: [Prednisone +/- Dexamethasone] 
Additional Corticosteroids7: [Prednisone, Dexamethasone] 
Hormone Therapy8: [oral conjugated equine oestrogen plus medroxyprogesterone acetate] 

 

2.7 Discussion 

2.7.1 This study created a comprehensive list of variants associated with 

adverse effects  

This systematic review identified genomic variants associated with ADEs via 

extensive reviews of the literature on RCTs, post-hoc analyses of RCTs and 

meta-analyses. Although PharmGKB collates this type of PGx data, this list of PG 

variants is more comprehensive and better annotated. This all-inclusive list 

provides a reliable source of up-to-date information with potential utility for 

regulatory agencies, researchers and HCPs. 
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2.7.2 This study synthesised a novel set of variant-drug pairs associated 

with MIADEs 

Due to their significant clinical impact on mortality and morbidity, this review 

created a novel set of variant-drug pairs associated with MIADEs. The 

seriousness and clinical importance of ADEs are the most influential factors to 

weigh in the implementation of the tests at scale (234). While PharmGKB includes 

similar PGx data, this set of variant-drug pairs related to MIADEs is more 

inclusive, better annotated and focused purely on MIADEs. Further, this set of 

variant-drug pairs encompasses fully defined and interrogable genotypes as well 

as ICD-10 codes and therefore is readily available for potential future use in 

biobanks. Focused analyses in this context can be especially invaluable. 

2.7.3 No statistically significant meta-analyses of RCTs of currently used 

medicines 

Apart from the association between G6PD A− and severe anaemia in patients 

taking CDA or artemisinin-based combination therapy for malaria, none of the 

meta-analyses of RCTs and post-hoc analyses of RCTs were significant. 

However, the development of CDA combination for malaria was a previously 

promising therapy that was terminated prematurely and withdrawn from the 

market due to toxicity concerns related to severe haemolytic anaemia in G6PD-

deficient patients (235). My meta-analysis of CYP2C19 genotypes and bleeding 

risk in clopidogrel-treated patients is consistent with the most recent genotype-

guided RCTs in which neither the risk of major bleeding (236) nor even any 

bleeding event (237) were significantly different between the genotype-guided 

group and the standard-treatment group. This is also in agreement with the most 

recent meta-analysis which showed no significant differences in the risk of any 

bleeding event with the use of prasugrel or ticagrelor as compared to clopidogrel 

in either CYP2C19 LOF carriers or non-carriers (238). Similarly, the most recent 

RCT which examined the effect of PG testing of the SLCO1B1 genotype for statin 

myopathy risk suggested that the marginally higher rate of ADEs in the control 

group could not have been prevented using genotype-guided treatment (239). 

There were no genotype-guided RCTs for the rest of the variants included in the 

meta-analyses performed. 
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2.7.4 Significant heterogeneity and mixed findings exist among studies 

identified 

The vast majority of findings from individual studies were not statistically 

significant. The search strategy yielded a large and broad array of studies with 

substantial heterogeneity. This included randomisation designs, settings, 

interventions, length of intervention and follow-up, ADE outcomes reported, 

genomic variants investigated, statistical methods and covariates used as well as 

participants characteristics (e.g., sex, age, disease stage, comorbidities, co-

interventions, demographics).  

The lack of uniformity observed among the identified studies was particularly 

notable in the toxicity outcomes and diverse synonyms and variations of toxicity 

terms used synonymously by authors to describe ADEs. Many studies 

investigated composite outcomes of ADEs or used underspecified terms to refer 

to toxicities or used laboratory or immunological assays rather than clinical 

endpoints of ADEs. Besides, inconsistent definitions and designation of ADEs for 

seriousness and severity were observed. Notably, the terms “serious” and 

“severe” were used synonymously and interchangeably and at times loosely in 

some studies. This underscores the need for more precise definitions of ADEs to 

reduce the risk of erroneous designation of seriousness or severity (240). 

Internationally agreed scales particularly for designation of seriousness are 

therefore indispensable. 

The scarcity of RCTs of PGx studies of ADEs was noteworthy. Indeed, the vast 

majority of included studies were post-hoc analyses of RCTs rather than RCTs. 

Remarkably, almost all post-hoc analyses of RCTs had the randomisation status 

of the initial RCTs not being explicitly stated neither in the title or abstract but 

rather used initials or acronyms or unique identification codes to refer to the initial 

RCTs. To facilitate identifying these studies in the literature, better reporting of 

randomisation status in such retrospective analyses of PGx studies is therefore 

vital. 

Further, reports included in this study showed considerably mixed results. Around 

a quarter to one-third of included studies did not report any significant 

associations with a notable lack of replication in other populations. To improve 

the evidence base for the clinical utility of germline PG testing in the context of 
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ADEs, associations from such studies with mixed findings merit further replication 

in larger cohorts with longer follow-up periods. 

2.7.5 Adverse drug effects were not consistently indexed or reported in the 

literature 

The vast majority of ADEs in RCTs were secondary endpoints, which are often 

assessed with less rigour than the main outcomes or endpoints (241). ADEs 

which reported as secondary endpoints were poorly reported and indexed in the 

titles and abstracts. Of note, "adverse effect" or "drug toxicity" were indexed in 

the databases and mentioned in the title or abstract provided that the authors of 

those studies dedicated substantive components of discussion to the ADEs. This 

usually occurs when the authors consider the examined ADEs to be serious or 

clinically significant (242). As MIADEs are more likely to be transparently and 

adequately reported, my novel set of variant–drug pairs significantly associated 

with MIADEs is expected to be inclusive. There is a need for a higher degree of 

scrutiny to be applied with regard to the transparency and reporting of ADEs as 

well as using standardised ADE terms in RCTs. 

2.7.6 Strengths and limitations 

This systematic review is the first study of PGx of ADEs with no restrictions on 

patients’ characteristics, pharmacological interventions, length of intervention or 

follow-up, toxicity outcomes or type of genomic variants investigated. Instead of 

employing such a comprehensive approach that provides wider coverage, all 

previous reviews investigated single drugs and a single genetic variation or gene 

and focused on a specific type of ADE. This study thereafter generated a set of 

variant-drug pairs significantly associated with MIADEs. MIADEs are associated 

with significant mortality and morbidity, and the seriousness of ADEs is the most 

influential factor to weigh in the implementation of the PG tests at scale. These 

comprehensive searches in major databases and other resources were inclusive 

of both published and peer-reviewed articles in journals, theses and dissertations 

and grey literature. By identifying primary and secondary studies (i.e., RCTs, 

post-hoc analyses of RCTs and meta-analyses) reporting both significant and 

non-significant findings, this comprehensive systematic review provides up-to-

date evidence with regard to PGx of ADEs with minimised publication bias against 

negative findings. 
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This study however has a few limitations. First, this systematic review was 

performed based on a literature search on 27th May 2020 and any study 

published after this has not been included. The pertinent research published 

since this systematic review was performed is however not expected to 

significantly change my conclusions. Second, I restricted my search to include 

English-only publications and therefore language bias is anticipated. While 

excluding non-English language studies may introduce bias, language 

delimitations are very common search parameters due to the difficulty in 

translating publications (243). Although some pertinent non-English publications 

were potentially overlooked, the vast majority of RCTs are published in English. 

Compared to clinical trials published in English, trials published in non-English 

languages are also of lower methodological quality (244). Third, studies that 

examined chemotherapy-based regimens were excluded when I generated the 

set of variant–drug pairs significantly associated with MIADEs. This was 

inevitable due to the complexity of their combination regimens and designs (e.g., 

sequential use and treatment arms) as well as concerns regarding drug-drug 

interactions (usually ⩾3 medicines) with the development of complex toxicities 

associated with these multicomponent chemotherapy-based treatments. 

2.8 Conclusions 

To date, this is the most comprehensive systematic identification of PG variants 

associated with ADEs. This study also curated a novel set of variant–drug pairs 

significantly associated with MIADEs in a rigorous and reproducible manner. 

Meta-analyses of the RCTs showed no statistical significance for the currently 

used medicines. The observed heterogeneity and mixed findings among the 

studies suggest that further replication is necessitated. Finally, better indexing of 

ADEs and standardised definitions of seriousness and/or severity in the literature 

are required.
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Table 2.4 The full list of variants associated with ADEs identified from randomised controlled trials* 

Therapeutic Class/Treatment Modality Culprit Drug(s) Toxicities or Adverse Drug Effect(s) Variants(s)/ Genotype(s) Reference 

Amphetamine Derivatives Sibutramine Pulse Rate Changes CYP2B6*6, CYP3A5*3 (245) 

Anaesthetics, General › NMDA Receptor 
Antagonists 

Ketamine (subanaesthetic) Cardiovascular ADEs (maximal systolic 
blood pressure) 

NET rs28386840 T homozygous vs. A  (246) 

Analgesics › Non-Steroidal Anti-inflammatory 
Drugs 

NSAIDs Anaphylactoid reaction HLA-DRB1*11 (247) 

 NSAIDs Anaphylactoid reaction HLA-DQ alleles  

Analgesics › Non-Steroidal Anti-inflammatory 
Drugs 

Celecoxib Gastrointestinal toxicity  ALOX15 (rs2255888), EP4 (rs4133101, rs13186505), GPX3 
(rs8177406), PGES (rs2241271, rs2302821), CRP 
(rs1800947), SRC (rs6017996, rs6018256, rs6018257) 

(248) 

 Celecoxib Cardiovascular toxicity IL23R (rs10789229, rs11465810, rs1884444), ALOX12 
(rs11078659), FLAP (rs4293222) 

 

Analgesics › Non-Steroidal Anti-inflammatory 
Drugs 

Celecoxib (High dose) Cardiovascular & thrombotic events CYP2C9*2 (R144C), CYP2C9*3 (I359L) (249) 

Analgesics › Opioids Oxycodone (Nausea/vomiting, tiredness/drowsiness, 
itching) & Total sum of ADEs 

ABCB1 C3435T, ABCB1 G2677T/A, Combined ABCB1 
genotype 3435CC‐2677GG 

(250) 

 Oxycodone Dizziness and reduced ability to keep focus ABCB1 C3435T  

 Oxycodone Total sum of ADEs OPRM1 A118G  

 Oxycodone Reduced ability to keep focus OPRM1 A118G  

 Oxycodone Urine retention, headaches ABCB1 G2677T/A  

 Oxycodone Tiredness/drowsiness and reduced ability 
to keep focus 

ABCB1 G2677T/A  

 Oxycodone Other ADEs Combined ABCB1 genotype 3435CC‐2677GG  

 Oxycodone Reduced ability to keep focus Combined ABCB1 genotype 3435CC‐2677GG  

Analgesics › Opioids Codeine, Tramadol ADEs *10/*10, *2/*1, *4/*4, *4/*1, *5/*4, *5/*5, *6/*6, *6/*1, *9/*9 (251) 

Analgesics › Opioids Codeine All side effects Extensive metabolisers: CYP2D6*1/CYP2D6*5, 
CYP2D6*1/CYP2D6*2, CYP2D6*1/CYP2D6*2, 
CYP2D6*1/CYP2D6*10, CYP2D6*1/CYP9D6*1, 
CYP2D6*3/CYP2D6*2, CYP2D6*1/CYP2D6*2, 
CYP2D6*1/CYP2D6*1, CYP2D6*1/CYP2D6*2 
Poor metabolisers: CYP2D6*4/CYP2D6*4, 
CYP2D6*4/CYP2D6*4, CYP2D6*3/CYP2D6*5, 
CYP2D6*4/CYP2D6*4, CYP2D6*4/CYP2D6*4, 
CYP2D6*4/CYP2D6*4, CYP2D6*4/CYP2D6*5, 
CYP2D6*4/CYP9D6*4, CYP2D6*4/CYP2D6*5 

(252) 

Analgesics › Opioids Fentanyl Reduced Systolic Blood Pressure ADRB 2 C523A A (253) 

 Fentanyl Somnolence OPRM1 A118G, COMT G472A  

 Fentanyl Safety Profile CYP3A5*3, ABCB1 C3435T, ABCB1 G2677T/A  

Analgesics › Opioids Morphine Side effect of “Feeling in Control” COMT rs4633, rs4680 (254) 

 Butorphanol Side effect of “Feeling in Control” COMT rs4633, rs4680  

Analgesics › Opioids Morphine A (IV) Nausea/Vomiting/Itching/dizziness/Letharg
y 

OPRM1 118A>G (255) 

Analgesics › Opioids Oxycodone & Sufentanil ADEs OPRM1 A118G, CYP3A5*3, CYP2D6*10 (256) 

 Oxycodone & Sufentanil Respiratory depression CYP3A4*1G AA vs. GG and GA  

 Oxycodone ADEs CYP3A4*1G  

 Sufentanil ADEs CYP3A4*1G  

 Sufentanil Respiratory depression CYP3A4*1G AA vs. GG and GA  



47 
 

 Sufentanil Other adverse reactions (apart from 
respiratory depression) 

CYP3A4*1G AA vs. GG and GA 
 

 

Analgesics › Opioids Remifentanil Postoperative Nausea and Vomiting OPRM1 A118G GG vs. AA and AG (in all anaesthetic 
techniques), OPRM1 A118G AA and AG types only at T1, T2, 
and T3, compared with I group 

(257) 

Analgesics › Opioids  Tramadol Drug Related Symptoms (e.g., faint and 
vomiting) 

ABCB1 G1199A, ABCB1 C1236T, ABCB1 G2677T/A, ABCB1 
C3435T 

(258) 

Antiallergic Drugs Tranilast Hyperbilirubinemia TA repeat polymorphism in UGT1A1 
(TA)7/(TA)7 genotype 

(259) 

 Tranilast Hyperbilirubinemia UGT1A1 GLY71Arg  

Anticholinesterases › Centrally Acting Galantamine Weight Loss APOE epsilon4 allele  (260) 

Anticholinesterases › Centrally Acting Rivastigmine vs. Donepezil Gastrointestinal events, particularly 
vomiting 
Psychiatric ADEs 

BuChE K-variant (261) 

 Rivastigmine or Donepezil Discontinuation rate due to ADEs BuChE K-variant  

Antidepressants Antidepressants Serotonergic side effects HTR2C rs6644093 or other variants in the HTR2C gene (262) 

Antidepressants Antidepressants Sleep-related side effects ABCB1 rs2032583 (263) 

Antidepressants › Selective Serotonin 
Reuptake Inhibitors & Antipsychotics › Second 
Generation 

Citalopram Early ADEs 5-HTTLPR S*S*/S*La genotypes (264) 

 Risperidone Early ADEs 5-HTTLPR S*S*/S*La genotypes  

Antidepressants › Selective Serotonin 
Reuptake Inhibitors & CNS Stimulants › 
Centrally Acting Sympathomimetics 

Sertraline, Atomoxetine Cardiovascular measures or vital signs 5-HTTLPR (S/S, S/L, L/L) (265) 

 Sertraline+Placebo Vs.  
Sertraline+Atomoxetine  

Greater increase in sitting pulse, body 
temperature, cardiac PR interval 

5-HTTLPR S/S  

Antidepressants › Selective Serotonin 
Reuptake Inhibitors & Serotonin and 
Noradrenaline Reuptake Inhibitors 

Escitalopram, Sertraline Side effects ABCB1 rs10245483 homozygotes (266) 

 Escitalopram, Sertraline, Venlafaxine Impaired cognition ABCB1 rs10245483 homozygotes  

Antidepressants › Selective Serotonin 
Reuptake Inhibitors & Tetracyclic 
Antidepressants  

Paroxetine Discontinuation due to side effects HTR2A 102 T/C C/C vs. T/C and T/T (267) 

 Paroxetine, Mirtazapine Baseline body weight, baseline cognition HTR2A 102 T/C C/C vs. T/C and T/T   

 Paroxetine, Mirtazapine ADEs or the frequency of discontinuations 11 CYP2D6 alleles and 33 genotypes  

 Mirtazapine ADEs, final daily dose, dosing compliance, 
plasma levels, early discontinuations or 
dropouts due to ADEs 

HTR2A 102 T/C  

Antidepressants › Selective Serotonin 
Reuptake Inhibitors & Tetracyclic 
Antidepressants 

Mirtazapine Discontinuations due to ADEs, severe 
ADEs 

5HTTLPR (S allele) (268) 

 Paroxetine Severe ADEs 5HTTLPR (S allele)  

Antidepressants › Selective Serotonin 
Reuptake Inhibitors & Tricyclic 
Antidepressants 

Fluoxetine or Nortriptyline ADEs CYP2D6 PMs and EMs (269) 

Antidepressants › Selective Serotonin 
Reuptake Inhibitors & Tricyclic 
Antidepressants 

Escitalopram and Nortriptyline Sexual dysfunction 5-HTTLPR (s/s vs. s/l vs. l/l) (270) 
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Antidepressants › Selective Serotonin 
Reuptake Inhibitors  

Citalopram Tolerance ABCB1 gene (C1236T, G2677T, C3435T), CYP3A5*3C, 
CYP2C19 variants (*2, *3, *17), CYP3A4* 1B, CYP2D6 alleles 
(*3, *4, *6, *7, *8, *9), CYP2D6*5 deletion Status 

(271) 

 Citalopram Tolerance or ability to remain in the trial CYP2D6 or CYP2C19 metabolizer status (PM vs. EM)  

Antidepressants › Selective Serotonin 
Reuptake Inhibitors 

Citalopram Reaction time reduction  Tri-allelic 5-HTTLPR and rs25532 (LAC/LAC=LL) vs. 
homozygous S allele carriers (SS), 5-HTTLPR LL group 

(272) 

 Citalopram Reaction time increase 5-HTTLPR SS group  

 Citalopram Significant decrease in N2 amplitudes group LL  

 Citalopram N2 amplitudes group SS  

 Citalopram P3a increase group LL  

 Citalopram P3a increase group SS 
 

 

 Citalopram P3b decrease in LL, increase in group SS LL group, SS group  

Antidepressants › Selective Serotonin 
Reuptake Inhibitors 

Escitalopram Increased duration of sleep, dry mouth, 
diarrhoea, and diminished sexual desire 

HTR1A (C-1019G) rs6295: High-Expressing Genotype CC, 
HTR2A (G-1438A) rs6311: High-Expressing Genotype AA, 5-
HTTLPR [L/S + rs25531]: High-Expressing Genotype L+A 

(273) 

 Escitalopram Dry mouth (Low-expressing) genotype LA−, 5-HTTLPR triallelic haplotype 
LA 

 

 Escitalopram Diarrhoea CC (low-expressing) genotype at the 1A receptor compared to 
the GG/GC (high-expressing) genotype, HTR1A rs6295 CC 
(low), HTR1A rs6295 GG/CG (high) 

 

 Escitalopram Diminished Sexual Desire  HTR1A rs6295 GG/CG (high), HTR1A rs6295 CC (low), 
HTR2A rs6311 GG (low), HTR2A rs6311 AA/AG (high), 5-
HTTLPR triallelic haplotype LA, GG/CG (high-expressing) 
compared to the low-expressing genotype, AA/AG (high-
expressing) genotype at the 2A receptor, High expressing 
serotonin transporter genotype LA+ 

 

Antidepressants › Selective Serotonin 
Reuptake Inhibitors 

SSRIs Severe gastrointestinal ADEs, total 
gastrointestinal ADEs or total ADEs 

TPH1 218 A/C (274) 

Antidepressants › Selective Serotonin 
Reuptake Inhibitors 

Citalopram ADEs Burden Long (L) and short (S) alleles of the triallelic HTTLPR locus, 

L(A) allele, L allele, S with LG vs LA alleles 

(275) 

 Citalopram ADEs Burden in White non-Hispanics L(A)L(A) genotype or L(A) allele  

 Citalopram ADEs Burden in White non-Hispanics LA and LG alleles combined, [ SS, SL, LL], [ S, L]  

Antidepressants › Selective Serotonin 
Reuptake Inhibitors 

Citalopram Suicidal Ideation GRIA3 rs4825476, GRIK2 rs2518224 (276) 

Antidepressants › Selective Serotonin 
Reuptake Inhibitors 

Escitalopram Reductions in attention 5-HTR2A rs6311, 5-HTR1B rs11568817 (277) 

Antidepressants › Selective Serotonin 
Reuptake Inhibitors 

Paroxetine, Fluvoxamine ADEs HTR2A –1438A/G, HTR3A 178C/T, HTR3B –100–102AAG 
ins/del, SERTPR (s/s and l carriers) 

(278) 

 Paroxetine Severe nausea HTR2A -1438G/G  

 SSRIs, Paroxetine, Fluvoxamine Discontinuation due to ADEs, Severe 
nausea, Total of ADEs 

HTR2A genotype, SERTPR l/l · l/s, s/s, HTR3A genotype, 
HTR3B ins/del 

 

Antidepressants › Selective Serotonin 
Reuptake Inhibitors 

Sertraline ADEs CYP2B6 (G516T), CYP2C9 phenotypes [PM, IM, EM], 
CYP2C19 phenotypes [IM, EM, UM], CYP2D6 phenotypes 
[PM, IM, EM, UM], ABCB1 (C3435T), ABCB1 (C1236T), 
ABCB1 (G2677T/A), SLC6A4 (5-HTTLPR), SLC6A4 (VNTR), 
HTR2A (T102C), HTR2C (-759C/T) 

(279) 

Antidepressants › Serotonin and 
Noradrenaline Reuptake Inhibitors 

Bupropion SR Discontinuation due to ADEs DRD2 (A1A1 or A1/A2 vs A2/A2)  (280) 
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Antidepressants › Serotonin Reuptake 
Inhibitors 

Trazodone Dizziness 
 

CYP2D6 PM (281) 

 Trazodone Paraesthesia CYP2D6 PM   

 Trazodone ADEs ABCB1 T allele  

 Trazodone QTc prolongation ABCB1 T/T   

 Trazodone Paraesthesia CYP3A5*3/*3, ABCB1 T/C  

Antidepressants › Tricyclic Antidepressants Nortriptyline Postural hypotension Homozygous ABCB1 3435C>T (282) 

 Nortriptyline Postural hypotension Heterozygous ABCB1 3435C>T  

 Fluoxetine Postural hypotension ABCB1 3435C>T genotypes  

Antiepileptics Topiramate Severity of side effects GRIK1 (rs2832407) (283) 

Antiepileptics Topiramate Severity of ADEs rs2832407*CC, rs2832407*A-allele (284) 

Antifungals › Triazole Antifungals & 
Echinocandin Antifungals 

Voriconazole & Anidulafungin Treatment-related hepatic ADEs CYP2C19 genotype status  (285) 

Antihypertensives › Beta-Adrenoceptor 
Blockers 

Atenolol Impaired fasting glucose (IFG) 69 SNPs in BCAT1 and 26 SNPs in PAH (286) 

 Atenolol Impaired fasting glucose (IFG) PAH (rs2245360) AA vs. AG and GG  

Antihypertensives › Beta-Adrenoceptor 
Blockers 

Bisoprolol Baseline heart rate or perioperative 
changes in heart rate or decrease in peak 
expiratory flow 

ADRB1 Arg389Arg and Gly genotype (287) 

 Bisoprolol Bradycardia ADRB1 Ser49Gly-WT, ADRB1 Arg389Gly-WT, ADRB2 
Gly16Arg-WT, ADRB2 Gln27Glu-WT 

 

 Bisoprolol Hypotension ADRB1 Ser49Gly-WT, ADRB1 Arg389Gly-WT, ADRB2 
Gln27Glu-WT 

 

 Bisoprolol Hypotension ADRB2 Gly16Arg-WT  

Antihypertensives › Drugs Acting on The 
Renin-Angiotensin System › ACE Inhibitors 

Cilazapril Cough ACE II vs.  DD (288) 

Antihypertensives › Drugs Acting on The 
Renin-Angiotensin System › ACE Inhibitors 

Lisinopril Cough ACE D/I: ACE D and I alleles, chymase A and B alleles 
(absence/presence of BstXI site), B2BKR +/-: for B2-bradykinin 
receptor + and – alleles (presence/absence of a 21 to 29 non-
nucleotide sequence) 

(289) 

Antihypertensives › Drugs Acting on The 
Renin-Angiotensin System › ACE Inhibitors 

ACE inhibitors Angioedema PRKCQ rs500766 (290) 

 ACE inhibitors Angioedema ETV6 rs2724635 G allele, MME rs989692 T, CRB1 rs2786098 
T 

 

Antimalarials & Antimycobacterials CD Severe anaemia G6PD-deficient (G6PD A−) (202G→A) (224) 

Antimalarials & Antimycobacterials CDA versus AL Severe and clinically concerning 
haemoglobin decreases 

G6PD-deficient (G6PD A−) (225) 

 CDA versus AL Severe and clinically concerning 
haemoglobin decreases 

G6PD-deficient (G6PD A−) heterozygous females  

Antimalarials & Antimycobacterials CDA vs CPG–DDS Haemoglobin drop or blood transfusion G6PD-deficient (G6PD A−) (226) 

 CDA vs CPG–DDS Haemoglobin drop or blood transfusion Heterozygous G6PD-deficient (G6PD A−)  

Antimalarials & Antimycobacterial s Dapsone Haemolytic anaemia G6PD A− (227) 

Antimalarials Artesunate ADEs (e.g., facial flushing and nausea) Homozygous or heterozygous CYP2A6*1B (291) 

Antimalarials CD vs. AL Severe anaemia G6PD-deficient (G6PD A−) (228) 

Antimalarials CD Haemolysis G6PD-deficient (G6PD A−) 
homo-/hemizygous genotype vs. wild type 

(229) 

Antimalarials DHAPP+SLDPQ vs. DHAPP alone Acute haemolytic anaemia/ required a 
blood transfusion 

G6PDd Viangchan vs. G6PDn (292) 

 DHAPP+SLDPQ Mean nadir Hb (modest Hb declines) G6PDd Viangchan vs. G6PDn  
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Antimalarials Artemisinin-based combination 
(Primaquine plus artemisinin) 

Haemolysis/moderate anaemia G6PD-deficient (G6PD A−) 
heterozygotes (G6PD A) 

(230) 

Antimuscarinics › Parkinson’s Disease Trihexyphenidyl Increased mental slowing, Correlations with 
Memory 

APOE-ε4 positive (293) 

 Trihexyphenidyl Confusion, Mood Rating Scale Ratings of 
Sedation 

APOE-ε4 positive  

Antimuscarinics › Parkinson’s Disease Trihexyphenidyl (1 or 2mg) Impairments in delayed recall, Persistent 
Impairments in delayed recall 

APOE-ε4 positive (294) 

 Trihexyphenidyl (1 or 2mg) Psychomotor performance, Total Recall APOE-ε4 positive  

 Trihexyphenidyl (2mg) Reduction in delayed recall scores  APOE-ε4 positive  

Antimuscarinics › Urinary Tolterodine CNS side effects such as sleepiness [Rapid 
eye movement/sleep duration: as a 
percentage of total sleep time] 

Patients carrying one or more deficient alleles CYP2D6 
(IM + PM) 

(295) 

 Tolterodine CNS side effects such as sleepiness [Rapid 
eye movement/sleep duration: as a 
percentage of total sleep time] 

Two active alleles of CYP2D6 in the EM group 
 

 

Antineoplastic Drugs › Alkylating Agents & 
Antimetabolites 

Fludarabine/cyclophosphamide Lymphocytosis/lymphadenopathy CYP2B6*6 [CYP2B6 c.516G>T and c.785A>G] (296) 

 Chlorambucil or fludarabine Lymphocytosis/lymphadenopathy CYP2B6*6 [CYP2B6 SNPs c.516G>T and c.785A>G]  

Antineoplastic Drugs › Alkylating Agents Cyclophosphamide-based 
chemotherapy 

Grade 3–4 neutropenia SOD2 CC genotypes vs. TT genotypes (rs4880 or Val16Ala) (297) 

 Cyclophosphamide-based 
chemotherapy 

Grade 3 and 4 leukopenia SOD2 CC genotypes vs. TT genotypes (rs4880 or Val16Ala)  

Antineoplastic Drugs › Alkylating Agents Cyclophosphamide-based 
chemotherapy 

Grade 3 and 4 neutropenia 
 

GSTP1 at least 1 GSTP1 rs1695 variant G allele compared 
with AA 

(298) 

 Cyclophosphamide-based 
chemotherapy 

High-grade haematological toxicity GSTP1 at least 1 GSTP1 rs1695 variant G allele compared 
with AA 

 

 Cyclophosphamide-based 
chemotherapy 

Grade 3 and 4 leukopenia GSTP1 at least 1 GSTP1 rs1695 variant G allele compared 
with AA 

 

 Cyclophosphamide-based 
chemotherapy 

Grade 4 haematological toxicity CYP2B6 rs3745274, CYP3A4 rs2740574, GSTA1 rs3957356  

 Cyclophosphamide-based 
chemotherapy 

High grade neutropenia, high grade 
leukopenia 

CYP2B6 rs3745274, CYP3A4 rs2740574, GSTA1 rs3957356  

Antineoplastic Drugs › Anthracyclines & 
Platinum Compounds & Antimetabolite 

ECF Grade 3 diarrhoea DPYD2A IVS14+1G>A GA 
 

(299) 

 ECF Diarrhoea, Stomatitis, Haematological TYMS (TS) [2R/2R, 2R/3R, 3R/3R], TYMS (TS) [2R/2R, 
2R/3R/3R/3R], GSTP1 rs1695 (A, AG, G), OPRT rs1801019 
(C, GC, G), DPYD2A IVS14+1G>A (G, GA), DPYD rs1801159 
(A, AG, G), ERCC1 rs11615 (C, CT, T, CT + T), ERCC1 
rs3212986 (G, GT, T), ERCC2 rs13181 (G, GT, T). XRCC1 
rs25487 (A, AG, G) 

 

Antineoplastic Drugs › Anthracyclines Anthracycline-based chemotherapy Congestive heart failure rs28714259 (300) 

Antineoplastic Drugs › Anthracyclines & 
Alkylating Agent & Vinca Alkaloids & 
Antimetabolites & Corticosteroids & Other 

(Protocol IA+IB) Grade III/IV gastrointestinal and 
neurological toxicities 

ITPA rs1127354 homozygous (301) 

 (Protocol IA+IB) Grade III/IV gastrointestinal and 
neurological toxicities 

TPMT (rs1142345, rs1800460 and rs1800462)  

 (Protocol IA+IB) Grade III/IV neurological toxicities ABCC1 rs246240  

 (Protocol IA+IB) Grade III/IV hepatic toxicities ADORA2A rs2236624 homozygous  
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Antineoplastic Drugs › Anthracyclines & 
Alkylating Agent & Vinca Alkaloids & Cytotoxic 
Antibiotics & Monoclonal Antibodies & 
Corticosteroids 

R-CHOP Diarrhoea, vomiting & mucositis ABCB1 rs2229109  (302) 

 R-CHOP Febrile neutropenia CBR1 rs20572, CBR1 rs9024  

 (R-CHOP or I-ACVBP Grade 3–4 toxicities: high-grade diarrhoea 
& vomiting 

ABCB1 rs2229109 (Ser400Asn), CBR1 (Ala209Ala and 3′-
UTR): CBR1 rs20572, rs9024 

 

 I-ACVBP Febrile neutropenia & vomiting ABCB1 rs2229109   

 I-ACVBP Febrile neutropenia GSTP1 rs1695  

Antineoplastic Drugs › Anthracyclines & 
Alkylating Agent & Vinca Alkaloids & 
Monoclonal Antibodies & Corticosteroids 

CHOP-14+/-rituximab Cardiotoxicity RAC2 rs13058338 TA/AA 
 

(303) 

 CHOP-14+/-rituximab Cardiotoxicity CYBA rs4673 CT/TT  

Antineoplastic Drugs › Anthracyclines & 
Alkylating Agents 

Cyclophosphamide and doxorubicin Grade 3 and 4 haematological toxicity  ALDH1A1 (rs8187996, rs3764435 and rs63319), 
ABCC1 (rs903880, rs16967126 and rs4148350) 

(304) 

 Cyclophosphamide and doxorubicin Grade 3 and 4 haematological toxicity A two-SNP haplotype consisting of the A allele of rs3764435 
and a neighbouring SNP rs168351 

 

 Cyclophosphamide and doxorubicin Haematological toxicity SNPs in ABCB1   

 Cyclophosphamide and doxorubicin Grade 3 gastrointestinal toxicity ABCC1 (rs35596, rs4148354, rs2889517 and rs11861115), 
none of the SNPs in ABCB1 or ALDH1A1 

 

Antineoplastic Drugs › Anthracyclines & 
Podophyllotoxin Derivatives & Antimetabolites 
& Immunostimulants › Granulocyte-Colony 
Stimulating Factors 

Chemotherapy induction regimens Lung toxicity XPD Lys751Gln heterozygotes (305) 

 Chemotherapy induction regimens GU toxicity XPD Asp312Asn AA genotype, XPD Asp312Asn 
heterozygotes 

 

 Chemotherapy induction regimens Lung/metabolic toxicities ERCC1 (rs3212961)  

 Chemotherapy induction regimens Liver toxicity XRCC3 241Met  

Antineoplastic Drugs › Anthracyclines & Vinca 
Alkaloids & Alkylating Agent & Cytotoxic 
Antibiotics & Other 

ABVD, CEC, BEA Grade 3-4 anaemia GSTP1Ile105Val (306) 

  Alopecia grade >2 GSTM1 deletion  

Antineoplastic Drugs › Anti-Oestrogens & 
Hormone Antagonists and Related Agents › 
Aromatase Inhibitors 

Letrozole (vs. Tamoxifen) Bone ADEs ESR1 rs2077647(T>C) CC, TC (307) 

 Tamoxifen Bone ADEs ESR1 rs2077647(T>C) CC, TC, ESR2 rs4986938(G>A) 
variants AA and AG 

 

 Letrozole (vs. Tamoxifen) Bone adverse events ESR2 rs4986938(G>A) variants AA and AG  

 Letrozole or Tamoxifen Grade 3–4 osteoporosis or any grade bone 
fracture 

ESR1 (rs9340799(XbaI), rs2234693(PvuII), rs11963577, 
rs2077647, rs9341070, rs746432), ESR2 (rs4986938, 
rs1256049) 

 

 Letrozole or Tamoxifen  Bone ADEs and early onset hot flushes or 
night sweats 

ESR2 rs4986938 homozygous (AA) vs. (AG) or (GG)  

Antineoplastic Drugs › Anti-Oestrogens & 
Hormone Antagonists and Related Agents › 
Aromatase Inhibitors 

Tamoxifen or Letrozole, alone or in 
sequence 

Musculoskeletal and bone side effects CYP19A1 rs700518(T>C) variants (CC or TC) vs. (TT)  (308) 

 Tamoxifen or Letrozole, alone or in 
sequence 

Musculoskeletal ADEs Five SNPs  
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 Tamoxifen or Letrozole, alone or in 
sequence 

Bone ADEs CYP19A1 genotypes: rs700519 (G>A) and rs28757184(G>A); 
rs700518(T>C); two SNPs in the 3′UTR, rs4646(C>A) and 
rs10046(C>T); and rs936308(C>G). 

 

 Tamoxifen  Bone ADEs rs4646 (AA) or (CA)  

 Letrozole Bone ADEs rs4646 (AA) or (CA), minor allele I of rs10046  

 Tamoxifen  Bone ADEs rs10046 I, rs936308 (GG) or (GC)  

 Letrozole  Bone ADEs rs936308 (GG) or (GC)  

Antineoplastic Drugs › Anti-Oestrogens Tamoxifen Hot flashes in year 1 CYP2D6 genotypes/phenotypes, ESR1 genetic variants:  
ESR1 SNPs PvuII and XbaI, (CG, CA, TA haplotypes) 

(309) 

 Tamoxifen Time to the occurrence of hot flashes 
during the complete time on tamoxifen 

The ESR1 PvuII XbaI CG haplotype  

Hormone Antagonists and Related Agents › 
Aromatase Inhibitors 

Exemestane  Musculoskeletal toxicity, 
discontinuation/musculoskeletal syndrome, 
discontinuation due to any toxicity 

ESR1 (rs9322336) (310) 

 Letrozole Increased risk of discontinuation of 
letrozole, therapy because of 
musculoskeletal syndrome 

ESR1 (rs9322336)  

 Exemestane, Letrozole Discontinuation of exemestane because of 
toxicity 

(rs11849538 and rs2369049)  

 Exemestane, Letrozole Musculoskeletal syndrome At least one 8-repeat TTTAn allele in intron 4 of the aromatase 
gene (rs60271534) 

 

Hormone Antagonists and Related Agents › 
Aromatase Inhibitors 

Exemestane MS-ADEs and VM-ADEs CYP19A1 rs934635 Homozygous AA (311) 

 Exemestane VM-ADEs CYP19A1 rs1694189 and rs7176005 homozygous variant 
genotypes (TT) 

 

 Exemestane MS-ADEs CYP19A1 rs1694189 and rs7176005 homozygous variant 
genotypes (TT) 

 

Hormone Antagonists and Related Agents › 
Aromatase Inhibitors 

Exemestane Grade ≥2 hot flashes/sweating CYP19A1 rs10046 variant T/T (312) 

 Exemestane vs. Tamoxifen  Early-onset grade 2–3 hot flashes/sweating CYP19A1 rs10046 TT vs CT/CC  

 Exemestane Early-onset musculoskeletal side effects CYP19A1 (rs4646 and rs10046), ESR1 (rs207764, rs2234693 
and rs9340799) 

 

Antineoplastic Drugs › Antimetabolites & 
Anthracyclines & Alkylating Agents 

5-fluorouracil, epirubicin, 
cyclophosphamide 

Grade 3 or 4 neutropenia or leukopenia 
events 
 

PIGB rs12050587 (313) 

Antineoplastic Drugs › Antimetabolites & 
Corticosteroids 

Corticosteroids & methotrexate Bone toxicity, osteonecrosis and bone 
fracture 

2R/2R TS genotype (314) 

Antineoplastic Drugs › Antimetabolites & 
Platinum Compound 

FOLFOX-4 or XELOX  Grade ≥3 haematological toxicity rs1801133, rs1799793 (315) 

 FOLFOX-4 or XELOX Grade ≥3 gastrointestinal toxicity rs13181  

 FOLFOX-4 or XELOX Grade ≥2 neurological toxicity rs11615  

Antineoplastic Drugs › Antimetabolites & 
Platinum Compounds & Monoclonal 
Antibodies 

FOLFIRI & Bevacizumab Grade 2-3 hypertension FIP200 rs1129660 G allele vs. A/A, ATG13 rs13448 C allele 
vs. homozygous T/T 

(316) 

 FOLFIRI & Bevacizumab Grade 2–3 proteinuria FIP200 rs17337252 G allele  

 FOLFIRI & Bevacizumab Grade 3–4 venous thromboembolism BECN1 rs11552192 A/A  

Antineoplastic Drugs › Antimetabolites & 
Platinum Compounds 

Fluorouracil and leucovorin plus 
either oxaliplatin or cisplatin 

Grade 3-4 neurotoxicity  GSTP1-105Ile/Ile vs. Ile/Val or Val/Val (317) 

 Fluorouracil and leucovorin plus 
either oxaliplatin or cisplatin 

Nephrotoxicity XPD-Asn312/751Gln haplotype   
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 Fluorouracil and leucovorin plus 
either oxaliplatin or cisplatin 

Haematological toxicities, grade 3-4 
leukopenia 

TS haplotype 3R/+6  

 Fluorouracil and leucovorin plus 
either oxaliplatin or cisplatin 

Grade 3-4 neutropenia MTR-2756AA and AG vs. GG, GSTP1-105Ile/Ile genotype  

 Fluorouracil and leucovorin plus 
either oxaliplatin or cisplatin 

Grade 3-4 neutropenia ERCC1-118T/8092C haplotype  

 Fluorouracil and leucovorin plus 
either oxaliplatin or cisplatin 

Grade 3-4 anaemia or thrombocytopenia All examined genotypes/haplotypes  

Antineoplastic Drugs › Antimetabolites & 
Platinum Compounds 

FOLFOX-4 or XELOX Grade ⩾ 3 ADEs DPYD *6 rs1801160 A allele, DPYD *2A rs3918290 A allele, 
DPYD rs2297595 GG 

(318) 

 FOLFOX-4 or XELOX Neutropenia DPYD *6 rs1801160, DPYD *2A rs3918290  

Antineoplastic Drugs › Antimetabolites & 
Platinum Compounds 

Oxaliplatin and fluoropyrimidine 
(FOLFOX-4 or XELOX) 

Neutropenia & neurotoxicity GST-T1/M1null/null genotype (presence of homozygous 
deletion in both genes) vs. wild-type genotype   

(319) 

 FOLFOX-4 or XELOX Neurotoxicity ABCC1 rs2074087  

 FOLFOX-4 or XELOX Grade 3–4 leukopenia, time to leukopenia 
was shorter 

ABCC2 (rs 4148386) GG vs. ABCC2AA  

 FOLFOX-4 or XELOX Mucositis TS 3′UTR L allele  

 FOLFOX-4 or XELOX Vomiting TS 5′UTR 2R2R genotype vs. TS 5′UTR 3R3R  

Antineoplastic Drugs › Antimetabolites & 
Platinum Compounds 

Pemetrexed plus Carboplatin Grade 3 and 4 toxicities MTHFR C677T (320) 

Antineoplastic Drugs › Antimetabolites & 
Podophyllotoxin Derivatives & Anthracyclines 
& Corticosteroids 

Chemotherapy: AML-87, AML-89 and 
AML-92 protocols 

Early death after the initiation of 
chemotherapy (within 120 days), Toxicities 
(respiratory failure, cardiac arrhythmia) 

GSTT1(-) null genotype (321) 

Antineoplastic Drugs › Antimetabolites & 
Taxanes 

Gemcitabine plus paclitaxel Neurotoxicity RRM1 rs9937 AA genotype, RRM1 ATAA and ATGA 
haplotypes 

(322) 

Antineoplastic Drugs › Antimetabolites 5-FU chemotherapy Toxicity MTHFR C677T  (323) 

 5-FU chemotherapy Haematological toxicity SLC19A1 G80A  

 5-FU chemotherapy Esophagitis/stomatitis TSER 2R/2R, 2R/3R, 3R/3R  

Antineoplastic Drugs › Antimetabolites 5-FU chemotherapy Severe toxicity DPYD c.1129-5923 C>G, hapB3 c.1236 C>G, hapB3 c.959-51 
T>C 

(324) 

 5-FU chemotherapy Grade≥3 5FU-AE neutropenia c.483+18 G>A, c.680+139 G>A, c.1129-5923 C>G (Complete 
linkage was observed between c.1129-5923 C>G, c.1236 
G>A, and c.959-51 T>C therefore only c.1129-5923 C>G is 
displayed) 

 

 5-FU chemotherapy Grade≥3 5FU-AE Stomatitis / Mucositis DPYD c.680+139 G>A  

 5-FU chemotherapy Grade ≥3 DPYD c.1129-5923 C>G, DPYD c.483+18 G>A, DPYD 
c.680+139 G>A, hapB3 variants 

 

Antineoplastic Drugs › Antimetabolites Capecitabine Grade ≥ 3 global toxicity (diarrhoea, nausea 
and vomiting, mucositis/stomatitis, 
neutropenia, thrombocytopenia, and HFS) 

TYMS 5′VNTR2R, TYMS 3′UTR6bp ins, DPYD 2846A 
 

(325) 

Antineoplastic Drugs › Antimetabolites Capecitabine Grade 3 to 4 diarrhoea, grade 3 to 4 
toxicity, capecitabine-related death 

DPYD IVS14+1G>A, 2846A>T, 1236G>A, (326) 

 Capecitabine Grade 3 to 4 diarrhoea DPYD HP3 (wild type at all SNP loci except heterozygous for 
85T>C)  

 

 Capecitabine Grade 3 to 4 diarrhoea DPYD 1 rare variant haplotype allele (HP5) or 2 variant 
haplotype alleles (HP6) 

 

 Capecitabine Grade 2 to 3 hand-foot syndrome 
grade 3 to 4 toxicities 

Haplotype pairs: HP1 HP2 HP3 HP4 HP5 HP6  

Antineoplastic Drugs › Antimetabolites Capecitabine Grade 3-4 overall toxicity, febrile 
neutropenia or hand-foot syndrome. 

MTHFR 1298A>C and 677C>T (327) 
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 Capecitabine Grade 3-4 diarrhoea MTHFR 1298CC homozygotes  

Antineoplastic Drugs › Antimetabolites Gemcitabine Haematological toxicity CDA Lys²⁷Gln polymorphism (either the homozygote wild-type 
genotype (Lys/Lys) alone) or in combination with the 
heterozygote when compared with homozygote variant 
genotype (Gln/Gln) 

(328) 

Antineoplastic Drugs › Antimetabolites Gemcitabine High-grade neutropenia CDA rs2072671 (A>C), AC and CC (329) 

 Gemcitabine High-grade neutropenia SLC28A1 rs3825876 (G>A), AA  

Antineoplastic Drugs › Antimetabolites Methotrexate ADEs ATIC 347 G allele (330) 

 Methotrexate ADEs AMPD1 34C>T T allele, ATIC 347C>G CC or ITPA 94C>A CC, 
or combinations of these genotypes 

 

Antineoplastic Drugs › Antimetabolites_ Methotrexate Toxicity MTHFR 677 C→T (214) 

Antineoplastic Drugs › Antimetabolites Methotrexate Toxicity CMYA5 rs12651804, rs1504582 (331) 

Antineoplastic Drugs › Antimetabolites Methotrexate Toxicity ALDH2 rs671 (332) 

Antineoplastic Drugs › Antimetabolite Methotrexate Gastrointestinal complaints, skin and 
mucosa disorders and elevated liver 
enzymes  

FPGS 1994A>G (A) and (G), FPGS 114G>A (G) and (A), GGH 
16T>C (T) and (C), GGH 452C>T (C) and (T) 

(333) 

Antineoplastic Drugs › Antimetabolites Methotrexate ADEs/elevation of liver enzymes MTHFR C677T (215) 

Antineoplastic Drugs › Antimetabolites Methotrexate Hepatotoxicity  SLC19A1 80G>A (334) 

 Methotrexate Gastrointestinal toxicity TYMS 6bp deletion  

Antineoplastic Drugs › Antimetabolites Methotrexate Mucositis and diarrhoea MTHFR C677T (216) 

 Methotrexate Gastrointestinal toxicities (mucositis, 
diarrhoea) and haematological toxicities 
(anaemia) 

MTHFR A1298C vs. 1298AA  

 Methotrexate Haematological toxicities and neurologic 
toxicities 

MTHFR A1298C vs. 1298AA  

Antineoplastic Drugs › Antimetabolites Methotrexate grade 3 and 4 toxicity TNF -308 (G->A), LT-a +252 (A->G) (335) 

Antineoplastic Drugs › Antimetabolites Methotrexate Hepatotoxicity or gastrointestinal toxicities MTHFR 677 C>T (218) 

Antineoplastic Drugs › Antimetabolites Methotrexate Hepatotoxicity or gastrointestinal toxicities MTHFR 677 C>T (217) 
 

Antineoplastic Drugs › Antimetabolites Pemetrexed Liver toxicity ABCC2 rs2273697, SLCO1B1 rs4149056, SLCO1B1 
rs11045879, SLCO1B1 GCC haplotype vs. reference ATT 
haplotype 

(336) 

 Pemetrexed Gastrointestinal toxicity ABCC2 rs717620  

 Pemetrexed Gastrointestinal toxicity ABCC2 CAG haplotype  

Antineoplastic Drugs › Antimetabolites Pemetrexed 3-4 grade SGPT (ALT) elevation FPGS IVS1 (28) G>A vs. GG  (337) 

Antineoplastic Drugs › Antimetabolites Thioguanine Liver veno-occlusive disease TPMT*3 (338) 

Antineoplastic Drugs › Immunosuppressants › 
Thalidomides 

Docetaxel and Thalidomide Toxicities CHST3 rs4148950, CHST3 rs1871450, CHST3 rs4148945, 
SPG7 rs2292954, SPG7 rs12960, CYP2D6*19 (2539–
2542del), NAT2 rs1799931, ABCC6 rs2238472, ATP7A 
rs2227291, CYP4B1 rs4646487, SLC10A2 rs2301159 

(339) 

 Docetaxel and Thalidomide Toxicities CYP3A5*3C and other variants in CYP3A5 or CYP3A4)  

Antineoplastic Drugs › Immunosuppressants › 
Thalidomides 

Lenalidomide Haematological Toxicities ABCB1 1199G>A (Ser400Asn, rs2229109), 1236C>T (silent, 
rs1128503), 2677G>T/A (Ala893Ser, rs2032582), 3435C>T 
(silent, rs1045642) 

(340) 

Antineoplastic Drugs › Immunosuppressants › 
Thalidomides_ 

Thalidomide Peripheral neuropathy ABCA1 (rs363717), ICAM1 (rs1799969), PPARD (rs2076169), 
SERPINB2 (rs6103), SLC12A6 (rs7164902 

(341) 

Antineoplastic Drugs › Immunosuppressants › 
Thalidomides 

Thalidomide Venous thrombotic events rs7011 in CINP, rs289747 in CETP, rs610529 in ALDH1A1, 
rs3829963 in CDKN1A, rs2608555 in GAN, rs699947 in VEGF, 
rs168351 in ALDH1A 

(342) 
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 Thalidomide Venous thrombotic events F2-455G/A (rs3136430) splice variant 20210G/A (rs3136431), 
SNPs 
MTRR, PLAUR, PPARD, PPARGC1A, PPARGC1B, THBS4, 
and WNK 

 

Antineoplastic Drugs › Microtubule-Stabilising 
Agents 

Ixabepilone Neutropenia and sensory neuropathy ABCB1 rs2032582 (c.2677T/G/A, p.S893T/A), rs1128503 
(c.1236T/C, p.G412G) and rs1045642 (c. 3435T/C, p.I1145I), 
CYP3A4 rs12721627 (c.20716C/G, p.T185S), CYP2C8 
rs11572080 (c.7225G/A, p.R69K) 

(343) 

Antineoplastic Drugs › Monoclonal Antibodies 
& Anthracycline 

Trastuzumab-based chemotherapy Cardiotoxicity: decline in left ventricular 
ejection fraction (LVEF) 

 ERBB2 rs1136201 (I655V) rs1058808 P1170A, rs1136201 
(I655V), rs1058808 P1170A 

(344) 

Antineoplastic Drugs › Monoclonal Antibodies Bevacizumab Grade 3-4 hypertension SV2C (rs6453204) (345) 

Antineoplastic Drugs › Monoclonal Antibodies Bevacizumab Early grade 3+ hypertension rs9381299, rs834576 (346) 

 Bevacizumab Early grade 3+ hypertension rs6929249, rs3734704  

 Bevacizumab Systolic blood pressure >180 mm Hg rs9381299  

Antineoplastic Drugs › Monoclonal Antibodies Cetuximab Grades 2–3 skin toxicity EGF c.61A > G (rs4444903), EGFR CA14–22 (CA-repeat 
polymorphism in intron 1 of the EGFR gene), CCND1 c.932G > 
A (rs9344; 870G > A), FCGR2A c.535A > G (rs1801274), 
FCGR3A c.818A > C (rs396991) 

(347) 

Antineoplastic Drugs › Monoclonal Antibodies Cetuximab Grade ≥2 skin rash (SR) Asn283Lys in PIK3R3 (348) 

 Cetuximab Rash (SR) rs602990, rs785467, rs16858808, rs41292521  

 Cetuximab Lethargy Val906Ile in MAP3K1   

 Cetuximab Nausea/vomiting His321Arg in RASAL1, Arg574Pro in MMP9   

 Cetuximab Diarrhoea Lys344Thr in RPS6KA1, Val906Ile in MAP3K1  

 Cetuximab stomatitis Arg298His in PTGES2, Met322Thr in TSC1, Phe212Val in 
FCGR3A, c.1-1671insA in MMP3 

 

 Cetuximab HFS c.1–382 A>G in EGF, Pro1170Ala in ERBB2, Cys141Phe in 
EREG, Asp806Asn in MAP3K1 

 

 Cetuximab Hypomagnesaemia Tyr187His in DUSP1   

 Cetuximab Nail changes Arg335Cys in IL8RA, Glu920Val in EGF, Lys220Arg in PLAUR  

Antineoplastic Drugs › Monoclonal Antibodies CHOP Grade 3 or 4 anaemia FcγRIIa R/R (349) 

 CHOP Grade 3 or 4 anaemia FcγRIIa R/H, FcγRIIa H/H  

 CHOP Grade 3 or 4 leukocytopenia and 
thrombocytopenia, grade 3 or 4 infections 

FcγRIIa (rs1801274) and FcγRIIIa (rs396991) SNPs  

 CHOP Therapy-associated deaths FcγRIIa (rs1801274)  

Antineoplastic Drugs › Monoclonal Antibodies Trastuzumab Cardiotoxicity  Ala1170Pro homozygous ERBB2 (Ala/Ala) vs. Pro/Pro + 
Ala/Pro 

(350) 

 Trastuzumab Cardiotoxicity FcgR3A Val158Phe, FcgR2B Ile232Thr, FcgR2A His166Arg, 
HER2 Ile655Val, HER2 Ile654Val 

 

Antineoplastic Drugs › Monoclonal Antibodies Trastuzumab Cardiotoxicity HER2-I655V (351) 

 Trastuzumab Cardiotoxicity FCGR2A–H131R, FCGR3A–V158F  

Antineoplastic Drugs › Platinum Compounds Platinum-based chemotherapy High-grade neutropenia GSTP1 105Val allele, GSTP1*B allele  (352) 

 Platinum-based chemotherapy Grade 0 mucositis GSTP1 105Val allele  

 Platinum-based chemotherapy Non-haematological toxicity GSTP1 114 allele  

 Platinum-based chemotherapy Toxicity for haemoglobin level or total white 
cell count 

GSTP1 105Val allele, GSTP1*B allele   

Antineoplastic Drugs › Platinum Compounds Oxaliplatin Overall grades 3–4 toxicity GSTP1 codon 105 polymorphisms (353) 

 Oxaliplatin Grades 3–4 vomiting GSTP1 105 Val/Val  

 Oxaliplatin Grades 3–4 neurotoxicity GSTP1 codon 105 Ile/Ile  

Antineoplastic Drugs › Platinum Compounds Oxaliplatin Peripheral neuropathy Pro379Ser or Glu875Gly in ERCC4, Asp425Ala, Gly446Asp, or 
Ser797Cys in ERCC6 

(354) 
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 Oxaliplatin Peripheral neuropathy ERCC6 Gly399Asp, ERCC6 Arg1213Gly, ERCC6 Arg1230Pro, 
ERCC6 Gln1413Arg 

 

Antineoplastic Drugs › Platinum Compounds Oxaliplatin Toxicity Homozygosity for (ATM) rs1801516 or (ERCC5) rs1047768 (355) 

 Oxaliplatin Grades 3–4 toxicity ERCC2 (rs238406)  

 Oxaliplatin Grades 3–4 toxicity MGMT AGT, rs1803965 and rs12917, ligase I (LIG1, 
rs3730849) 

 

 Oxaliplatin Grades 3–4 toxicity ERCC2 rs238406  

Antineoplastic Drugs › Proteasome Inhibitors & 
Vinca Alkaloids 

Bortezomib Early-onset bortezomib-induced peripheral 
neuropathy 

CASP9 rs4646091, ALOX12 rs1126667, rs434473, RDM1 
rs2251660, LSM1 rs7823144 

(356) 

 Bortezomib Early-onset bortezomib-induced peripheral 
neuropathy 

IGF1R rs1879612, NEK4 rs1029871  

 Bortezomib Late-onset bortezomib-induced peripheral 
neuropathy 

PPARD rs2267668, ATM rs189037, rs664677, rs664982 
 

 

 Bortezomib Late-onset bortezomib-induced peripheral 
neuropathy 

ERCC4 rs1799800, rs1799801, ERCC3 rs2276583, MRE11A 
rs10501815 

 

 Vincristine Grade 2–4 early-onset vincristine-induced 
peripheral neuropathy 

GLI1 (rs2228224) and rs2242578 
 

 

 Vincristine Grade 2–4 early-onset vincristine-induced 
peripheral neuropathy 

SNPs (rs7739752, rs6901410, rs6902123, and rs6457816) in 
PPARD, (rs909253) and (rs1041981) in LTA, ABCC4 
rs2274407, ABCC5 rs3749442, SLC10A2 rs3803258, 
ALDH1A1 rs2288087, rs1413239 in DPYD, rs3887412 in 
ABCC1 

 

Antineoplastic Drugs › Proteasome Inhibitors Bortezomib Peripheral Neuropathy PKNOX1 rs2839629 (357) 

Antineoplastic Drugs › Protein Kinase 
Inhibitors 

Lapatinib Liver Injury HLA-DRB1*07:01, HLA-DQA1*02:01 (358) 

Antineoplastic Drugs › Protein Kinase 
Inhibitors 

Lapatinib (l in combination with 
trastuzumab and/or taxanes) 

Liver Toxicity HLA-DRB1*07:01 (359) 

Antineoplastic Drugs › Protein Kinase 
Inhibitors 

Pazopanib reversible ALT elevation rs2858996 and rs707889 in HFE gene (360) 

Antineoplastic Drugs › Protein Kinase 
Inhibitors 

Sorafenib Cytotoxicity FLT4 rs307826 (A>G, T494A), VEGFA rs58159269 (T>C) (361) 

Antineoplastic Drugs › Taxanes & & 
Anthracyclines & Alkylating Agents 

Anthracycline-based chemotherapy 
(docetaxel, doxorubicin, 
cyclophosphamide) 

Febrile Neutropenia 388C>T in FGFR4 (rs351855) vs. CC (362) 

 Anthracycline-based chemotherapy 
(docetaxel, doxorubicin, 
cyclophosphamide) 

Febrile Neutropenia TP53 (rs1042522) 82G>C (CC genotype)  

Antineoplastic Drugs › Taxanes & Alkylating 
Agents & Anthracyclines 

ddAC or TAC Peripheral neuropathy TECTA (TT, rs1829), GSTP1 (CT/TT, rs1138272) 
 

(363) 

 ddAC or TAC Anaemia 
 

FGFR4 (CC vs CT/TT), ABCB1 (TT/TC vs CC) 
and ABCC4 (GG vs GT/TT), no significant interaction between 
a clinical variable or SNP and treatment (ddAC vs TAC) for the 
risk of developing anaemia 

 

 ddAC or TAC Febrile neutropenia GSTP1 (AG rs1695 and CC rs1138272 vs other; rs1695 AA vs 
AG/GG), ABCB1 (TT vs TC/CC), ABCG2 (CC vs CA/AA), 
MDM2 (TT/TG vs GG), SLCO1B3 (AA vs AG/GG), ABCC4 
(GG vs GT/TT), a haplotype of ABCB1 and CYP1B1 
(rs1045642*rs1056836), ABCC2 (CC/CG vs GG), GSTP1 
rs1695 AG and rs1138272 CC 
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 ddAC or TAC Peripheral neuropathy (PNP) GSTP1 (105) Ile/ (105) Ile vs. GSTP1105Ile/105Val or 
105Val/105Val,  RWDD3 (rs2296308) (GG/GT vs TT) 

 

 TAC vs ddAC  Febrile neutropenia FGFR4 (rs351855), GSTP1 rs1695 AG and rs1138272 CC  

Antineoplastic Drugs › Taxanes & Platinum 
Compounds 

Carboplatin/Taxane Grade III/IV GI toxicity rs1061472, ATP7B, A⟶G, risk genotype: AA), (rs1801249 
ATP7B A⟶G, AA), (rs3594 GSR A⟶G, CC), (rs6900017 
VEGFA A⟶G, AA), (rs879825 VEGFA A⟶G, GG), 

(rs9369421 VEGFA A⟶G, GG), (rs9825762 SCN10A A⟶G, 
AA) 

(364) 

Antineoplastic Drugs › Taxanes & Platinum 
Compounds 

Docetaxel/Cisplatin Haematological toxicities/grade 3–4 
neutropenia 

CYP3A5 A6986G *3/*3 (GG) vs. AG or AA (365) 

 Docetaxel/Cisplatin Haematological toxicities [CYP3A4 (-A392G): *1A/*1A (AA), *1A/*1B (AG), *1B/*1B 
(GG)], [ABCB1 (C3435T): C/C, C/T, T/T], [ABCB1 (G2677T/A): 
G/G, G/T(A), T(A)/T(A)] 

 

Antineoplastic Drugs › Taxanes & Platinum 
Compounds 

Paclitaxel plus Carboplatin Grade 4 neutropenia ABCB1 3425C->T, Com v Het/Var (CC v CT/TT), CYP2C8 
R139K, Com v Het/Var (GG v GA/AA), CYP3A4*1B, Com v 
Het/Var (AA v AG/GG), CYP3A5*3C, Com/Het v Var (AA/AG v 
GG), ERCC1, TT v TC/CC, ERCC2 K751Q, Com v Het/Var 
(AA v AC/CC), nr1I2-206 del, Com v Het/Var 206 deletion 

(366) 

Antineoplastic Drugs › Taxanes & Platinum 
Compounds 

Paclitaxel/Carboplatin Neutropenia, Sensory Neuropathy CYP2C8*3 [CYP2C8 rs10509681, A1196G (*3)], ABCB1 
rs1128503 C1236T, ABCB1 rs2032582 G2677T/A, ABCB1  
rs1045642 C3435T 

(367) 

Antineoplastic Drugs › Taxanes & Platinum 
Compounds 

Paclitaxel/Carboplatin (Arm B: Taxol 
IV infusion and carboplatin) 

Myelosuppression  ABCB1 1236TT, 2677TT and 3435TT in All and Arm B (368) 

 Paclitaxel/Carboplatin (Arm A 
Paclical IV infusion and carboplatin) 

Neutrophil toxicity ABCB1 3435C>T  

Antineoplastic Drugs › Taxanes & Platinum 
Compounds 

Taxanes and platinum Grade 3-4 GI toxicity ABCB1 1236C>T, ABCB1 2677G>T/A, ABCB1 3435C>T, 
ABCC1 S1334S, ABCC1 IVS18-30C>G, ABCC2–24C>T, 
ABCC2 IVS12+148A>G, ABCC2 V417I, ABCG2 Q141K, 
CDKN1A 10971C>T, CYP1B1*3, CYP2C8 M264I, CYP2C8 
R139K, CYP2C8 K399R, CYP3A4*1B, CYP3A5*3C, ERCC1 
17677G>T, ERCC1 8092C>A, ERCC1 N118N, ERCC2 
K751Q, GSTP1 A114V, GSTP1 I105V, MAPT P587P, MPO -
463G>A, TP53 R72P, XRCC1 R399Q, combined CYP1B1*3 
and CDKN1A10971C 

(369) 

Antineoplastic Drugs › Taxanes Docetaxel, prednisone and 
bevacizumab  

Neuropathy FGD4 (rs10771973), EPHA4 (rs17348202), EPHA5 
(rs7349683), intergenic (rs3125923), FCAMR (rs1856746, 
GSTP1 Ala114Val (rs1138272), ABCB1 1236C>T (rs1128503), 
ABCB1 (rs4148738), ABCB1 3435C>T (rs1045642) 

(370) 

Antineoplastic Drugs › Taxanes Docetaxel [doxorubicin–docetaxel 
arm (arm A) and doxorubicin–
cyclophosphamide arm (arm B)] 

Febrile neutropenia SLCO1A2 rs4762699 and rs2857468 Haplotype T–T (371) 

 Doxorubicin–docetaxel Febrile neutropenia CYP1B1 (rs10916, rs2855658, rs1056837, rs1056836, 
rs162549, rs1056827, rs4646429, rs10012, rs162556, 
rs1800440, rs2551188), CYP3A4 (rs4646437, rs2242480, 
rs12333983, rs2740574, rs2246709), CYP3A5 (rs4646450, 
rs776746), SLCO1B3 (rs11045586, rs11045595, rs1515766, 
rs7970514, rs1356148, rs2117032, rs10770757, rs1017385, 
rs10841661), ABCB1 (rs17064, rs2235015, rs2235023, 
rs1045642, rs12720067, rs7787082, rs10248420, rs4148740, 
rs10280101, rs2032583,rs11983225, rs2235040, rs1128503, 
rs868755, rs3842, rs2235013, rs2235033), ABCC2 
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(rs2002042, rs2756109, rs2273697, rs11190291, rs4148398, 
rs3740065, rs3740066, rs2756112, rs17222723, rs1137968, 
rs8187707, rs717620, rs2756103), ABCG2 (rs2725252, 
rs2622610, rs13120400, rs2231148, rs2231164, rs2725270, 
rs2622604, rs1564481, rs9999111, rs1481012, rs12505410, 
rs2622621, rs6857600, rs2622626) 

Antineoplastic Drugs › Taxanes Taxanes [cyclophosphamide I, 
doxorubicin (A) and paclitaxel (T)] 

Grade 3-4 neurotoxicity (rs7637888, rs6786638, rs6442150, rs7648104), 
FANCD2 haplotypes: rs7648104-rs7637888 (A-G haplotype),  
rs3846177-rs9849434 A-T-A-G-A-A-G-G-G-G-A, rs1552244-
rs12152512 G-A-C-G-A-G-G-A 

(372) 

 Taxanes [cyclophosphamide I, 
doxorubicin (A) and paclitaxel (T)] 

Neuropathy (FANCD2: rs3846177 A/C, rs9881859 T/A, rs9875081 A/G, 
rs9879080 A/G, rs3895942 G/C, rs6805869 G/A, rs9849434 
A/G, rs6807485 C/G, rs1552244 G/A, rs7610821 A/G, 
rs2272125 C/A, rs2272124 G/A, rs2272123 A/G, rs7647987 
G/A, rs3172417 A/G, rs12152512 A/G) (BRCA1: rs8176305, 
rs8070179, rs8176257, rs8176242, rs8176237, rs3737559, 
rs8176161, rs8176160, rs16942, rs4986850, rs1799950, 
rs799923, rs8176109, rs8176098) 

 

Antineoplastic Drugs › Taxanes Paclitaxel Clinician-reported neuropathy or patient-
reported neuropathy 

(MAPT; rs242557 and rs1052553), (GSK3B; rs6438552 and 
rs3755557), CEP72 rs924607, (TUBB2; rs909961) 

(373) 

 Paclitaxel Patient-reported neuropathy  MAPT additive SNPs (rs1052553 and rs242557)  

 Paclitaxel Clinician reported neuropathy GSK3B additive SNPs (rs3755557 + rs6438552)  

Antineoplastic Drugs › Taxanes  Paclitaxel Neuropathy EPHA5-rs7349683, EPHA6-rs301927, EPHA8-rs209709 (374) 

Antineoplastic Drugs › Taxanes Paclitaxel Peripheral Neuropathy CYP2C8*3 variant (c.416G>A) (375) 

 Paclitaxel Peripheral Neuropathy FGD4 c.2044-236 A-allele  

Antineoplastic Drugs › Taxanes Paclitaxel Sensory Peripheral Neuropathy FGD4 rs10771973 (376) 

Antineoplastic Drugs › Taxanes Taxanes Peripheral neuropathy Grade 3-4, 
peripheral neuropathy Grade 2-4 

rs3125923, rs9862208 
 

(377) 

Antineoplastic Drugs › Topoisomerase I 
Inhibitors & Antimetabolites & Platinum 
Compounds & Monoclonal Antibodies 

FOLFIRI or FOLFOXIRI plus 
bevacizuma 

Haematological ADEs and stomatitis DPYD c.1905+1G/A and c.2846A/T, UGT1A1*28 (378) 

 FOLFIRI or FOLFOXIRI plus 
bevacizumab 

Stomatitis DPYD c.1905+1G>A, DPYD c.2846A>T, DPYD c.1905+1G>A 
and DPYD c.2846A>T 

 

 FOLFIRI or FOLFOXIRI plus 
bevacizumab 

Neutropenia, Overall toxicity, 

Gastrointestinal ADEs Overall 

DPYD c.1905+1G>A and DPYD c.2846A>T  

 FOLFIRI or FOLFOXIRI plus 
bevacizumab 

Thrombocytopenia, Anaemia DPYD c.1905+1G>A  

Antineoplastic Drugs › Topoisomerase I 
Inhibitors & Antimetabolites & Platinum 
Compounds 

IROX Grade 4 neutropenia Homozygous UGT1A1*28 allele  
 
 

(379) 

 FOLFOX Grade 4 neutropenia GSTM1*0 (Deletion in GSTM1)  

 IFL Severe neutropenia GSTM1*0 (Deletion in GSTM1)  

 FOLFOX Discontinue FOLFOX because of 
neurotoxicity 

GSTP1 I105V genotype of T/T  

 IROX Grade 3 neurotoxicity GSTP1 I105V genotype of T/T  

 FOLFOX Grade ≥ 3 neurotoxicity GSTP1 I105V genotype of T/T  

 IROX Grade 3 vomiting  UGT1A1 −3156 C>T [or UGT1A1*93 (A/A)]  

  Neurotoxicity ABCB1 1236 C>T, ABCB1 3435 C>T, ABCB1 2677 G>T, 
ABCC1 IVS18-30 C>G, ABCC1 4002 G>A, ABCC2 −24 C>T, 
ABCC2 4544 G>A, ABCC2 1058 G>A, ABCC2 1249 G>A, 
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ABCC2 3972 G>A, ABCG2 421 C>A, CYP3A4 −329 A>G 
(*1B), CYP3A4 1334 T>C (*3), CYP3A5 6986 A>G (*3C), 
CYP3A5 14690 G>A (*6), DPYD IVS14 + 1 G>A (*2A), DPYD 
1627 A>G (*5), DPYD 2194 G>A (*6), DPYD 85 T>C (*9A), 
ERCC1 354 C>T, ERCC2 −1989 A>G, ERCC2 2133 C>T, 
ERCC2 2251 A>G, GSTM1 *0, GSTP1 2293 C>T, GSTP1 
1578 A>G, MTHFR 677 C>T, MTHFR 1298 A>C, MTHFR 
1793 G>A, TYMS 1494del, TYMS TSER, UGT1A1 −3156 G>A 
(*93), UGT1A1 (TA)nTAA (*28), XRCC1 1196 G>A 

Antineoplastic Drugs › Topoisomerase I 
Inhibitors & Antimetabolites & Platinum 
Compounds 

FOLFOX [FU+leucov (LV5FU2) 
#(FOLFOX)#(FOLFIRI)] 

Grade 3 or 4 haematological toxicity ERCC2-K751QC allele (380) 

 FOLFIRI Severe haematological or GI toxicity UGT1A1 (UGT1A1*28 and UGT- 
3156G>A) 

 

 LV5FU2 Toxicity, whether haematological or GI 
 

No statistically significant association was found between any 
genotype 

 

 LV5FU2 or FOLFOX or FOLFIRI Severe (grade 3-4) haematological toxicity No statistically significant association was found between any 
genotype 

 

 LV5FU2 or FOLFOX or FOLFIRI Severe (grade 3-4) GI toxicity No statistically significant association was found between any 
genotype 

 

 FOLFOX Severe GI or severe (≥ grade 2) oxaliplatin-
induced peripheral neuropathy 

No statistically significant association was found between any 
genotype 

 

Antineoplastic Drugs › Topoisomerase I 
Inhibitors & Antimetabolites & Platinum 
Compounds 

IrFU or OxFU versus FU alone Toxicity   (DPYD) IVS14+1G>A (DPYD*2A); (TYMS-ER) 28 base pair 
(28-bp) repeat; (TYMS-1494) 6-bp insertion; (MTHFR) C667T; 
(MLH1) −93G>A; (UGT1A1*28); (ABCB1) 3435C>T; (XRCC1) 
R399Q; (GSTP1) Ile105Val; (ERCC2) K751Q 

(381) 

 Irinotecan-containing treatment Toxicity XRCC1 R399Q G/G, G/A, and A/A, XRCC1 genotype  

 Irinotecan or IrFU over FU Toxicity ERCC2, XRCC1, and GSTP1  

 Irinotecan-containing treatment Toxicity/≥ 3 neutropenia and diarrhoea UGT1A1*28 7/7 (vt) or 6/7 (ht)  

Antineoplastic Drugs › Topoisomerase I 
Inhibitors & Antimetabolites 

5-fluorouracil/leucovorin/irinotecan Grade III-IV neutropenia UGT1A*28 (382) 

 FOLFIRI  Grade III–IV neutropenia UGT1A*28 [UGT1A1 7/7]  

 LV/5FU Grade III–IV neutropenia UGT1A*28 [UGT1A1 7/7]  

 FOLFIRI Neutropenia grade III–IV UGT1A*28 [UGT1A1 7/7]  

 Both arms Diarrhoea grade III or more  UGT1A*28 [UGT1A1 7/7]  

 FOLFIRI arm Total serious ADEs UGT1A*28 [UGT1A1 7/7]  

Antineoplastic Drugs › Topoisomerase I 
Inhibitors & Antimetabolites 

Irinotecan and 5-fluorouracil Clinically relevant early toxicity  ABCB1 3435 T/T genotype, UGT1A1(*)28/(*)28 genotype, 
homozygous for the ABCB1 1236T–2677T–3435T haplotype, 
MTHFR 677 heterozygotes compared with C/C and T/T, 
heterozygous for TYMS*2/*3 

(383) 

 Irinotecan and 5-fluorouracil Clinically relevant early toxicity MTHFR 677–1298 haplotypes  

 Irinotecan and 5-fluorouracil Neutropenia and diarrhoea UGT1A1(*)28/ (*)28  

 Irinotecan and 5-fluorouracil Overall toxicity: any grade 3–4 toxicity 
except alopecia 

[UGT1A1 (TA)n wt/*28, *28/*28], [UGT1A1 −3279 *60/*60, 
wt/*60], [ABCB1 1236 C/T, T/T], [ABCB1 2677 T/T, G/T, G/A + 
T/A], [ABCB1 3435 T/T, C/T], [TYMS 28 bp repeat *3/*3, *2/*3], 
[MTHFR 677 T/T, C/T], [MTHFR 1298 C/C, A/C] 

 

Antineoplastic Drugs › Topoisomerase I 
Inhibitors & Antimetabolites 

Irinotecan and fluorouracil Haematological toxicity UGT1A1*28/*28 (384) 

  Neutropenia UGT1A1*28/*28  

  Neutropenia together with diarrhoea UGT1A1*28/*28  
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  Non-haematological toxicity UGT1A9*1/*1, Haplotype VII  

Antineoplastic Drugs › Topoisomerase I 
Inhibitors & Platinum Compounds 

Irinotecan plus cisplatin Grade 3 or worse diarrhoea ABCB1 (C3435T) T/T compared with C/C and C/T (385) 

 Irinotecan plus cisplatin Grade 3 or worse neutropenia UGT1A1 (G-3156A) A/A  

 Irinotecan plus cisplatin Grade ≥ 3 neutropenia and diarrhoea ABCB1 (C3435) T/T, UGT1A1 (G-3156A) A/A  

Antineoplastic Drugs › Topoisomerase I 
Inhibitors & Platinum Compounds 

irinotecan/cisplatin Grade 1-4 late-onset diarrhoea UGT1A1*28 allele (386) 

 irinotecan/cisplatin Grade 1-4 late-onset diarrhoea UGT1A1*6 allele  

Antineoplastic Drugs › Topoisomerase I 
Inhibitors 

Capecitabine single agent or plus 
irinotecan 

Grades 3–4/ Diarrhoea, grades 3–4/ febrile 
neutropenia 

GSTP1 Ile105Val (387) 

Antineoplastic Drugs › Topoisomerase I 
Inhibitors 

Fluoropyrimidine-based 
chemotherapy 

Toxicity DPYD (Cys29Arg and Val732Ile) (388) 

 Fluoropyrimidine-based 
chemotherapy 

Neutropenia, nausea and vomiting, 
diarrhoea and infection 

Asp949Val  

 Fluoropyrimidine-based 
chemotherapy 

Diarrhoea, stomatitis, hand-foot syndrome 
and infection 

IVS14+1G>A  

 Fluoropyrimidine-based 
chemotherapy 

Peripheral neuropathy DCLRE1A Asp317His  

 Xelox compared with OxMdG infection  Asp949Val  

 Fluoropyrimidine-based 
chemotherapy 

lethargy, diarrhoea, stomatitis, HFS and 
infection 

IVS14+1G>A  

Antineoplastic Drugs › Topoisomerase I 
Inhibitors 

Fluoropyrimidine-based 
chemotherapy (5-FU) 

Grade ≥3 overall ADEs DPYD*2A, D949V (389) 

 Fluoropyrimidine-based 
chemotherapy (5-FU) 

Neutropenia, specific ADEs 
nausea/vomiting and neutropenia, or ADEs 
nausea/vomiting 

DPYD*2A   

 Fluoropyrimidine-based 
chemotherapy (5-FU) 

5FU-ADEs or overall grade ≥3 ADEs DPYD I560S  

 Fluoropyrimidine-based 
chemotherapy (5-FU) 

DFS None of the DPYD variants  

 Fluoropyrimidine-based 
chemotherapy (5-FU) 

Dehydration, diarrhoea, leukopenia, 
neutropenia, thrombocytopenia 

D949V  

Antineoplastic Drugs › Topoisomerase I 
Inhibitors 

Fluoropyrimidine-based 
chemotherapy (5-FU) 

Grade 3 or greater fluorouracil ADEs D949V and V732I (DPYD*6) (390) 

 Fluoropyrimidine-based 
chemotherapy (5-FU) 

Grade 3 or greater overall haematological 
ADEs, grade 3 or greater fluorouracil ADEs 
and overall haematological ADEs, grade 3 
or greater neutropenia 

V732I  

 Fluoropyrimidine-based 
chemotherapy (5-FU) 

Grade 3 or greater overall haematological 
ADEs 

D949V  

Antineoplastic Drugs › Topoisomerase I 
Inhibitors 

Irinotecan Grade 3 diarrhoea rs1517114 (C8orf34), rs1661167 (FLJ41856), rs2745761 
(PLCB1) 

(391) 

 Irinotecan Grade 4 neutropenia rs11128347 (PDZRN3), rs11979430 (SEMAC3), rs7779029 
(SEMAC3) 

 

 Irinotecan irinotecan related G3D and G4N SLCO1B1 521T>C, UGT1A9*22, ABCC2 3972C>T, ABCG2 
34G>A 

 

Antineoplastic Drugs › Topoisomerase I 
Inhibitors 

Irinotecan Severe haematological toxicity in arm A 3435C>T for ABCB1, 6986A>G for CYP3A5, UGT1A1*28 (392) 

 Irinotecan Toxicity 6986A>G (CYP3A5),3435C>T (ABCB1)   
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 Irinotecan Severe haematological toxicity Homozygous for the mutant allele of 
−3156G>A UGT1A1 compared with homozygous for the wild-
type allele 

 

 Irinotecan Severe gastrointestinal toxicity (grade 3 or 
more diarrhoea, nausea, vomiting, or 
mucositis) 

UGT1A1 promoter TA indel, UGT1A1 −3156G>A, CYP3A5 
6986A>G, ABCB1 3435C>T 

 

Antineoplastic Drugs › Topoisomerase I 
Inhibitors 

Irinotecan-containing regimens Grade 4 neutropenia homozygous or heterozygous for UGT1A1*6 and UGT1A1*27  (393) 

 Irinotecan-containing regimens Grade 4 neutropenia UGT1A1*28, UGT1A1*60, UGT1A7, UGT1A9*22  

 irinotecan-containing regimens Toxicity UGT1A1*28  

 Irinotecan-containing regimens Grade 3 diarrhoea UGT1A1*6, UGT1A1*27, UGT1A1*28, UGT1A1*60, UGT1A7, 
UGT1A9*22 

 

Antineoplastic Drugs › Topoisomerase I 
Inhibitors 

Irinotecan Neutropenia UGT1A1 genotype 7/7 (394) 

Antineoplastic Drugs › Topoisomerase I 
Inhibitors 

Irinotecan (given as semisolid matrix 
capsules) 

Severe toxicity UGT1A1*28 (395) 

Antineoplastic Drugs › Topoisomerase I 
Inhibitors 

Irinotecan Severity, and duration of delayed-type 
diarrhoea 

UGT1A1*28 (396) 

 Irinotecan Grade 2–3 diarrhoea At least one UGT1A1*28 allele  

Antineoplastic Drugs › Vinca Alkaloids Vincristine severe neuropathy episodes (grades 3–4) CEP72 rs924607 TT  (397) 

Antiplatelet Drugs Clopidogrel, Prasugrel Major or minor bleeding not related to 
coronary artery bypass grafting 

ABCB1 3435C→T (TT vs. CT/CC) (398) 

Antiplatelet Drugs Clopidogrel-aspirin treatment Bleeding [ minor bleeding, moderate 
bleeding, severe bleeding, and any 
bleeding event] 

CYP2C19 LOF carriers compared with non-carriers (399) 

Antiplatelet Drugs Clopidogrel or Prasugrel Major, minor, and clinically relevant 
bleeding All bleeding events 

EM or IM+PM (196) 

Antiplatelet Drugs Clopidogrel or Prasugrel Major or minor bleeding CYP2C19 EM, CYP2C19 RM (197) 

Antiplatelet Drugs Clopidogrel Bleeding CYP2C19 loss-of-function allele (ie, *2 or *3): *1/*2, *1/*3, 
*2/*2, *2/*3, *3/*3, or CYP2C19 *2/*17, *3/*17 or 
CYP2C19*2(681G>A), CYP2C19*3(636G>A), CYP2C19*17(-
806C>T) 

(198) 

Antiplatelet Drugs Clopidogrel Major or minor bleeding CYP2C19 genotypes (199) 

Antiplatelet Drugs Clopidogrel Bleeding CYP2C19: Metabolizer phenotype, loss-of-function carrier 
status, or gain-of-function carrier status 

(200) 

Antiplatelet Drugs Clopidogrel Major bleeding/ Minor bleeding Rapid and slow metabolizer phenotype CYP2C19 (400) 

Antiplatelet Drugs Clopidogrel Major bleeding at 12 months CYP2C19 extensive metabolizers (EM), intermediate 
metabolizers (IM), poor metabolizers (PM) 

(201) 

 Clopidogrel Bleeding CYP2C19: LOF allele (202) 

 Clopidogrel Bleeding CYP2C19: LOF allele (203) 

 Clopidogrel Bleeding CYP2C19: LOF allele (204) 

 Clopidogrel Bleeding CYP2C19: LOF allele (205) 

 Clopidogrel Bleeding CYP2C19: LOF allele (206) 

 Clopidogrel Bleeding CYP2C19: LOF allele (207) 

 Clopidogrel Bleeding CYP2C19: LOF allele (208) 

Antiplatelet Drugs Clopidogrel Major bleeding PON1 Q192R (401) 

Antiplatelet Drugs Prasugrel Major or Minor Bleeding [CYP2C19 *1A, *2A, *3, *4, *5A, *6, *7, *8, *9, *10, *12, *13, 
*14, *17a], [CYP2C9 *1A, *2A, *3A, *4, *5, *6, *8, *9, *10, *11A, 
*12], [CYP2B6 *1A, *1C, *6, *8, *9, *11, *12, *13, *14, *15], 

(402) 
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[CYP3A5 *1A, *3A, *3B, *3D, *3F, *6, *8, *9, *10], [CYP3A4 
*1A, *17, *18], [CYP1A2 *1A, *1C, *1D, *1E, *1K, *1L, *7] 

 Prasugrel/Ticagrelor Bleeding CYP2C19: LOF allele (209) 

 Prasugrel/Ticagrelor Bleeding CYP2C19: LOF allele (210) 

 Prasugrel/Ticagrelor Bleeding CYP2C19: LOF allele (211) 

 Prasugrel/Ticagrelor Bleeding CYP2C19: LOF allele (212) 

Antiplatelet Drugs Clopidogrel Major bleeding related to non-coronary 
artery bypass graft (CABG)  

CYP2C19 any gain-of-function allele (213) 

 Ticagrelor Major bleeding related to non-coronary 
artery bypass graft (CABG)  

ABCB1 3435C→T 
 

 

Antiplatelet Drugs › GPIIB-IIIA Antagonists Orbofiban Bleeding COL3A1-3 Carriers of allele 3 (versus noncarriers) (403) 

Antiplatelet Drugs › GPIIB-IIIA Antagonists Orbofiban Bleeding −5C or the VNTR polymorphisms, Polymorphisms in the 
platelet receptor glycoprotein (GP) Ibα 

(404) 

Antiplatelet Drugs › GPIIB-IIIA Antagonists Orbofiban Bleeding  Glycoprotein IIIa (GPIIIa) Pl(A) polymorphism (405) 

Antiplatelet Drugs › GPIIB-IIIA Antagonists Orbofiban Bleeding GNB3 (825C>T)  (406) 

Antiplatelet Drugs › GPIIB-IIIA Antagonists Orbofiban Bleeding events (severe, major, minor and 
recurrent) 

GPIIb/IIIa PLA2, GPIbα −5C, MMP9 −1562T 
 

(407) 

Antiprotozoals & Analgesics › Non-Steroidal 
Anti-inflammatory Drugs 

Eflornithine and Sulindac Ototoxicity ODC1 AA 
 

(408) 

Antipsychotics Antipsychotic Medications Tardive Dyskinesia 2,580 SNPs in 118 candidate genes: No single marker or 
haplotype, the strongest association was for 
SLC18A2/rs2015586 

(409) 

Antipsychotics Antipsychotic Medications 
(Olanzapine, Perphenazine, 
Quetiapine, Risperidone or 
Ziprasidone) 

Excessive weight gain as >7% weight gain [FTO rs17819033, rs7188300, rs11861870, rs12932373], 
[LEPR rs6690625, rs3828039, rs4655555], [PCSK1 
rs1498928], [CHD7 rs11997122, rs11990117] 

(410) 

Antipsychotics Antipsychotic Medications 
(haloperidol, olanzapine, risperidone, 
ziprasidone, aripiprazole, or 
quetiapine) 

Weight gain during the first year of 
antipsychotic treatment 

FTO rs9939609 AA, AT, TT, SH2B1 rs7498665, LEP 
rs7799039 (j2548 G9A), LEPR rs1137101 (Q223R) 

(411) 

Antipsychotics Second-generation antipsychotic and 
mood stabilisers and their 
combinations 

Weight gain rs9997787 TBC1D1 T/T, rs2911927 TBC1D1 C/C, rs6127676 
MC3R T/T, rs2111112 FTO G/G, rs17497040 TBC1D1 T/C, 
rs13353739 TBC1D1 A/A, rs602618 ADRA2A C/C, rs4911874 
HTR2C T/A, rs17700926 MC4R C/T, rs1133398 MTHFR A/A, 
rs242728 GHRL A/G, rs1560214 LEP A/A, rs617156 HRH1 
A/A, rs9932411 FTO C/T, rs4728108 LEP A/A, rs2562730 LEP 
A/A, rs17424192 TBC1D1 G/G, rs3928987 FTO C/C, 
rs5946197 HTR2C C/T, rs2665272 FTO T/T, rs9930506 FTO 
T/T, rs4145870 HTR2C A/G, rs4731454 LEP C/C, rs1121980 
FTO T/C, rs1943226 MC4R C/C, rs10860847 PMCH T/T, 
rs12935710 FTO G/G, rs5946229 HTR2C A/G, rs6644132 
HTR2C T/C, rs9940128 FTO T/C, rs9939973 FTO T/C 

(412) 

Antipsychotics › First-Generation & Second 
Generation 

Antipsychotic medications 
(olanzapine, quetiapine, risperidone, 
ziprasidone and perphenazine) 

Overall tolerability, or tardive dyskinesia CYP1A2*1F C(-163)A, CYP2D6*2 C2850T, CYP2D6*3 
A2549del, CYP2D6*4 C100T G1846A, CYP2D6*5 CYP2D6 
deleted, CYP2D6*6 T1707del, CYP2D6*9 AGA2613del, 
CYP2D6*10 C100T, CYP2D6*17 C1023T C2850T, 
CYP2D6*29 G3183A, CYP2D6*41 G2988A, CYP2C19*2 
G681A, CYP2C8*2 A805T, CYP2C8*3 G416A A1196G, 
CYP2C9*2 C3608T, CYP2C9*3 A42614C, CYP3A4*1B A(-
392)G, CYP3A5*3 A6986G, CYP3A5*6 G14690A, ABCB1 
Ile1145 C3435T, ABCB1 Ala893Ser G2677T, FMO3 

(413) 
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Glu308Gly A21443G, FMO3 Glu158Lys G15167A, UGT1A4 
Pro24Thr C70A, UGT1A4 Val48Leu T142G 

Antipsychotics › First-Generation & Second 
Generation 

Antipsychotic medications (perazine, 
olanzapine or ziprasidone) 

Body weight changes, Extrapyramidal 
ADEs 

Several gene polymorphisms: COMT, MAOA, GRIK3, 5HT2A, 
DAT, SERT, DRD2 ins/del, DRD2 Taq1A, DRD2 exon 8 

(414) 

Antipsychotics › First-Generation perphenazine Prolactin elevation DRD2 Taq1A A1/A1 genotype (415) 

 Perphenazine Prolactin elevation DRD2 Ser311Cys  

 perphenazine Prolactin elevation DRD2-141C ins/ins  

Antipsychotics › First-Generation Selective 
Dopamine D2 Antagonists  

Antipsychotics (bromperidol and 
nemonapride) 

Extrapyramidal ADEs Taq1 A (one or two A1 alleles) (416) 

Antipsychotics › First-Generation Selective 
Dopamine D2 Antagonists  

Antipsychotics (bromperidol and 
nemonapride) 

Extrapyramidal ADEs DRD2 -141C Ins/Del (417) 

Antipsychotics › Second Generation Clozapine or Olanzapine Weight gain HCRTR2 rs3134701, HCRTR2 rs12662510 (418) 

Antipsychotics › Second Generation Aripiprazole Akathisia DRD2 rs2514218 C/C homozygotes (419) 

 Risperidone Akathisia DRD2 rs2514218 C/C homozygotes  

 Risperidone Prolactin elevations DRD2 rs2514218 T allele   

Antipsychotics › Second Generation Aripiprazole Severe insomnia DAT1 VNTR: (VNTR) polymorphism in DAT1/SLC6A3 = 40 bp 
variable number tandem repeat (VNTR) polymorphism 
(rs28363170) in the 3′-untranslated region of the DAT gene 
(DAT1/SLC6A3) 

(420) 

 Aripiprazole Somnolence, irritability, trouble 
concentrating, nausea/vomiting, dizziness, 
fatigue, blurry vision, and difficulty reaching 
orgasm 

DAT1 VNTR: (VNTR) polymorphism in DAT1/SLC6A3 = 40 bp 
variable number tandem repeat (VNTR) polymorphism 
(rs28363170) in the 3′-untranslated region of the DAT gene 
(DAT1/SLC6A3) 

 

Antipsychotics › Second Generation Iloperidone Long QT interval syndrome CYP2D6*4 (G1846A), CYP2D6*10 (C100T), KCNQ1 (position 
79764 of contig AJ006345.1) 

(421) 

Antipsychotics › Second Generation Iloperidone Weight gain HTR2C -759C/T polymorphism (422) 

Antipsychotics › Second Generation Olanzapine Fatigue  TPMT *1/*3A, *1/*3C *a, UGT1A1 *1/*1 ***a, MDR1 C/C *  (423) 

 Olanzapine Hypotension CYP2C9 *3 *a, ADD1 Trp/Trp *   

 Olanzapine Dizziness  TPMT *1/*3A, *1/*3C *, BCHE (Asp/Gly)  

 Olanzapine Dry mouth  5-HTR2A His/Tyr *a, CYP3A4 *1/*1B, *1B/*1B *  

 Olanzapine Syncope  GSTP1 A/A**, BCHE Ala/Thr, Thr/Thr *  

 Olanzapine Irritability  MDR1 T/T   

 Olanzapine QT prolongation  CYP1A2*1/*1, CYP2B6 T/T  

 Olanzapine Vomiting  AGTR1 C/C, BCHE Asp/Gly, TNFα G/A  

Antipsychotics › Second Generation Olanzapine Prolactin increase In women only: DRD2/ANKK1 region negative strand minor 
alleles: rs2734842I, rs6275(T), rs6279I  

(424) 

 Olanzapine Change in prolactin rs2734842, rs6279, rs6275, rs2734841, rs1124493  

 Olanzapine Prolactin increase rs6278, rs6276, rs1124491, rs1079594, rs6277  

 Olanzapine Overall TEAEs, TEAEs in men, TEAEs in 
women, sexual dysfunction TEAEs, non-
sexual dysfunction TEAEs 

All DRD2 genotypes  

Antipsychotics › Second Generation Olanzapine Weight gain DRD2: rs2440390(A/G), rs1079598(T/C), rs1079596(G/A), 
rs1125394(A/G), rs1125393(G/A), rs7103679(G/A), 
rs4648319(C/T), rs12364283, rs1800497 (Taq1A). Three 
HTR2C SNPs in strong linkage disequilibrium: rs6318, 
rs2497538, and rs1414334 

(425) 

 Olanzapine Weight gain HTR2C SNPs (−997G/A, −759C/T, or −697G/C), -759C/T 
(rs3813929), -697G/C (rs518147), C-C-C haplotype in HTR2C, 
[HTR2C haplotype C (-759C, -697C, and 23Ser)] 
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Antipsychotics › Second Generation Risperidone Decrease in blood pressure, a mild 
increase in QTc and a quick increase in 
prolactin. Somnolence 

PMs, IMs, UMs (426) 

Antipsychotics › Second Generation Risperidone Headache CYP2C9: *1/*1, *1/*2, *1/*3 + *3/*3, NAT2: EM, IM, PM, 
AGTR1 A/A, A/C, C/C  

(427) 

 Risperidone Neurological effects CYP2C19: *1/*1, *1/*2, *2/*2 + *2/*4   

 Risperidone Tiredness [BDKRB2 C/C, C/T], [MTHFR C/C, C/T]   

 Risperidone Hypotension [VKORC1 G/G, G/A]  

 Risperidone Dizziness DRD2 Taq1A A1+A2/A2   

 Risperidone Psychiatric ADEs CYP2C9 *1/*1, *1/*2, *1/*3 + *3/*3], [HTR2A His/His, His/Tyr]  

 Risperidone General ADEs CYP3A5 *1/*3, *3/*3 + *3/*6], [GSTM1 Present, Absent], 
[MTHFR C/C, C/T] 

 

 Risperidone Cardiovascular ADEs UGT1A1 *1/*28, *28/*28   

 Risperidone Gastrointestinal ADEs SLC6A4 Ins/Ins, Ins/Del, Del/Del   

 Risperidone Genitourinary ADEs [ADRB1 Gly/Gly, Gly/Arg], [GRIN2B C/C, C/T]  

Antipsychotics › Second Generation Risperidone Increases in prolactin DRD2 alleles (Taq1A, -141C Ins/Del, C957T) (428) 

Antipsychotics › Second Generation Risperidone Weight gain CNR1 rs806378, CNR1 rs1049353, LEP rs7799039  (429) 

 Risperidone Weight gain [MC4R variants: rs8087522, rs11872992, rs8093815, 
rs489693, [FTO: rs1421085, rs6499640, rs1121980, 
rs17817449a, rs8050136a, rs9939609a], [LEP rs12706832, 
rs2071045], [CNR1 rs806377, rs806368], [FAAH rs324420] 

 

Antipsychotics › Second Generation Atypical Antipsychotics Serum triglyceride levels MnlI polymorphisms, DdelI polymorphism, 3’UTR region in the 
SNAP-25 gene (TaiI T/C, DdelI T/C, MnlI T/G) 

(430) 

 Atypical Antipsychotics Weight gain MnlI polymorphisms  

 Atypical Antipsychotics Weight gain DdelI polymorphism  

Antithrombotic Drugs › Thrombin Inhibitors, 
Direct 

Dabigatran  Any bleeding rs4148738* (ABCB1), rs8192935* (CES1) (431) 

 Dabigatran Any bleeding rs2244613* (CES1)   

 Dabigatran Major bleeding rs4148738* (ABCB1), rs8192935* (CES1), rs2244613* 
(CES1), rs4148738* (ABCB1), rs8192935* (CES1) 

 

 Dabigatran Minor bleeding   rs2244613* (CES1)   

Antivirals › Non-Nucleoside Reverse 
Transcriptase Inhibitors 

Abacavir Clinical HSR HLA‐B*5701 and other HLA‐B*57 alleles: B*5701, B*5702, 
B*5703 
As well as other alleles: 07, 08, 13, 14,15, 18, 27, 35, 37, 38, 
39, 40, 41, 42, 44, 45, 47, 49, 50, 51, 52, 53, 56, 57, 58, 81, 82 

(432) 

Antivirals › Non-Nucleoside Reverse 
Transcriptase Inhibitors 

Efavirenz CNS-related ADEs CYP2B6 983TC/CC (223) 

 Efavirenz CNS-related ADEs CYP2B6 15582CT/TT, ABCB1 3435TT  

Antivirals › Non-Nucleoside Reverse 
Transcriptase Inhibitors 

Efavirenz Toxicity-related failure (any severe or life-
threatening toxic side effect that could not 
be managed by dose reductions, temporary 
drug discontinuation, or within-class 
substitution) 

ABCB1 2677G>T 
 

(433) 

 Efavirenz Toxicity related failure ABCB1 3435C>T  

Antivirals › Non-Nucleoside Reverse 
Transcriptase Inhibitors 

Efavirenz Central nervous system side effects at 1 
week 

CYP2B6 G516T (434) 

 Efavirenz Central nervous system side effects at 24 
weeks 

CYP2B6 G516T  
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 Efavirenz Vestibular symptoms, altered dreams, or 
difficulty sleeping. Tolerability over 24 
weeks 

CYP2B6 (G516T), CYP2B6 (C1459T), CYP3A4 (A-392G), 
CYP3A5 (A6986G), MDR1 (G2677TA), ATMDR1 (C3435T)  

 

Antivirals › Non-Nucleoside Reverse 
Transcriptase Inhibitors 

Efavirenz CNS ADEs (grade 2 or greater CNS ADEs 
by week 48) 

CYP2B6 516G→T, CYP2B6 983T→C, CYP2B6 15582C→T, 
CYP2A6 -48T→G 

(435) 

 Efavirenz Grade 2 or greater CNS adverse events 
within 48 weeks 

SNPS of (SLC6A2, SLC6A3, NR3C3, HTR2A, HTR2B, 
HTR2C, HTR6, NR3C4) 

 

Antivirals › Non-Nucleoside Reverse 
Transcriptase Inhibitors 

Efavirenz CNS symptoms CYP2B6 516 T (222) 

 Efavirenz CNS symptoms CYP2B6 516 G/G genotype vs. CYP2B6 516 T  

Antivirals › Non-Nucleoside Reverse 
Transcriptase Inhibitors 

Nevirapine Hepatotoxicity MDR1 3435C→T (231) 

 Nevirapine Hepatotoxicity CYP3A5 6986A→G, CYP3A5 713G→A, CYP3A4 _392A→G, 
MDR1 2677G→T, CYP2B6 1459C→T, CYP2B6 516G→T 

 

Antivirals › Non-Nucleoside Reverse 
Transcriptase Inhibitors 

Nevirapine Early or global toxicity CYP2B6 516G>T and 1459C>T, ABCB1 2677G>T/A or 
3435C>T, Expressors of CYP3A5 (wild‐type homozygous *1/*1 
and heterozygous *1/*3) and non‐expressors (mutant 
homozygous *3/*3), carriers and non‐carriers of the 516G>T, 
785A>G or 1459C>T CYP2B6, MDR1 diplotype (wild‐type 
homozygous for both loci (2677 and 3435) versus all the others 
combinations) 

(232) 

 Nevirapine Hepatotoxicity or hypersensitivity HLA‐DRB1*0101  

Antivirals › Non-Nucleoside Reverse 
Transcriptase Inhibitors 

Nevirapine Hepatotoxicity HLA‐DRB1*0101 (233) 

Antivirals › Nucleoside & Non-Nucleoside 
Reverse Transcriptase Inhibitors & Protease 
Inhibitors  

Didanosine (ddI), stavudine (d4T) Peripheral neuropathy HFE C282Y heterozygotes (436) 

Antivirals › Nucleoside & Non-Nucleoside 
Reverse Transcriptase Inhibitors & Protease 
Inhibitors 

Antiretroviral therapy Symptomatic peripheral neuropathy 
(⩾ grade 1) 

MTND2*LHON4917G, MTND1*LHON4216C 
 

(437) 

Antivirals › Protease Inhibitors  Ritonavir-Boosted Atazanavir Bilirubin-related discontinuation UGT1A1 rs887829 T/T (438) 

Antivirals › Protease Inhibitors Ritonavir-Boosted Atazanavir Grade 4 elevations in bilirubin level Homozygous for UGT1A1*28/*28 (439) 

Chemoradiation_Antimetabolite Arm 1 More haematological toxicities  EGF +61A>G polymorphism (rs4444903) (440) 

 Arm 3 Experienced less PUGIT mucositis  EGF +61A>G polymorphism (rs4444903)  

 Arm 1 Experienced less gastrointestinal toxicities  COX2 +8743 C/C genotype (rs5275)  

 Arm 1 Higher risk of grade 3–5 proximal upper 
gastrointestinal tract (PUGIT) mucositis 

EGFR +497G>A A/A genotype (rs2227983)  

 Arm 2 Higher risk of grade 3–5 proximal upper 
gastrointestinal tract (PUGIT) mucositis  

VEGFR2 H472Q Q/Q (rs1870377)  

 Arm 2 Lower risk of  any grade 3-5 toxicities IL8-251A/A compared to A/T or T/T genotypes  

 Arm 1  Lower risk of PUGIT mucositis VEGFR2 H472Q Q/Q genotype (rs1870377)  

 Arms 1 and 3 Overall toxicity in the two arms with bolus 
5-FU-based CRT 

None of the evaluated polymorphisms  

CNS Stimulants › Centrally Acting 
Sympathomimetics 

Atomoxetine Treatment‐emergent ADEs Extensive/ultrarapid and intermediate metabolizers (441) 

 Atomoxetine Increases in diastolic blood pressure and 
pulse  

Extensive/ultrarapid and intermediate metabolizers compared 
with CYP2D6 non‐PMs, PMs 

 

 Atomoxetine Decrease in BMI Extensive/ultrarapid and intermediate metabolizers compared 
with CYP2D6 non‐PMs, PMs 
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 Atomoxetine Dry mouth, erectile dysfunction, 
hyperhidrosis, insomnia, and urinary 
retention 

Poor metabolizers  

 Atomoxetine Dry mouth and sleep disorder IMs compared with EMs/UMs  

CNS Stimulants › Centrally Acting 
Sympathomimetics 

Atomoxetine ADEs CYP2D6*10/*10 (442) 

CNS Stimulants › Centrally Acting 
Sympathomimetics 

Methylphenidate Cardiovascular or spontaneously reported 
ADEs 

DAT1 VNTR (443) 

CNS Stimulants › Centrally Acting 
Sympathomimetics 

Methylphenidate Irritability SNAP25 T1065G (444) 

 Methylphenidate Motor tics, buccal-lingual (oral) movements 
picking/biting 

SNAP25 T1069C  

 Methylphenidate Picking DRD4-VNTR 4-repeat allele  

 Methylphenidate Social withdrawal DRD4-VNTR 7-repeat allele  

 Methylphenidate Any Side effects DRD4-VNTR-repeat allele, 10-repeat, 9-repeat  

Corticosteroids Glucocorticoids Severe infection (grade 3 or 4 infections), 
moderate infection (grade 1 or 2 infections) 

GST-M1 (null vs. normal) (homozygous deletion) (445) 

 Glucocorticoids Several side effects (enhanced appetite, 
weight gain, or both. Cushingoid 
appearance was also extremely common, 
as well as neuropsychiatric signs; indeed, 
depression, anxiety, cefalea, and emotional 
lability were observed in most patients. 
Asthenia, neuromuscular weakness, and 
muscular pain) 

[ABCB1 G2677T, C3435T], NR3C1 BclI, IL-10 A-1082G, GST-
P1 A2627G, GST-M1 (null vs. normal), GST-T1 (null vs. 
normal) 

 

Diuretics › Thiazides and Related Diuretics Hydrochlorothiazide Elevation of serum urate concentration rs1002976 near VEGFC, rs950569 near BRINP3, rs508362 in 
RREB1 in men, rs2477134 near PADI4 

(446) 

 Hydrochlorothiazide Elevation of serum urate concentration rs1418243  

Dopaminergic Drugs › Catechol-O 
methyltransferase Inhibitors 

Tolcapone Severe diarrhoea COMT HH high/high (447) 

Glaucoma and Ocular Hypertension › Beta-
Adrenoceptor Blockers 

Ophthalmic Timolol Systemic effects:  heart rate CYP2D6 PMs vs IMs and Ums (448) 

 Ophthalmic Timolol Systemic effects: systolic and diastolic 
arterial pressure 

ADRB1 Ser49 homozygotes  

 Ophthalmic Timolol Systemic effects: diastolic arterial pressure GNAS1 T393C homozygotes  

Hypnotics, Sedatives and Anxiolytics › 
Benzodiazepines 

Lorazepam Persistent deficit in memory/ poor 
performance  

APOE ε4-positive (449) 

Immunostimulants › Interferons Interferon Therapy Autoimmunity CTLA-4 (AG 49, CT 318, CT 60, JO 27, JO30 and JO 31) (450) 

Immunosuppressants › Antimetabolites Azathioprine Drop-outs attributable to AZA related 
side effects 

ITPA 94C>A  (451) 
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*The list of variants associated with ADEs was annotated using the following font colour; Black colour for significantly increased risk of ADEs, green colour represents significantly reduced risk 
of ADEs, and red colour denotes non-significant association with ADEs. For toxicities and adverse drug effects, the comma “,” was used when these adverse drug effect(s) were analysed and 

 Azathioprine Drop-outs attributable to AZA related 
side effects 

TPMT *2 or *3  

Immunosuppressants › Antimetabolites Thiopurines leukopenia TPMT*3C (452) 

Immunosuppressants › Calcineurin Inhibitors 
and Related Drugs & Purine Synthesis 
Inhibitors & Antineoplastic Drugs › Protein 
Kinase Inhibitors 

Tacrolimus plus everolimus or 
mycophenolate 

Leukopenia FKBP2 c.-2110GG (453) 

 Tacrolimus plus everolimus or 
mycophenolate 

Constipation FKBP1A n.259+24936C allele  

 Tacrolimus plus everolimus or 
mycophenolate 

Gastrointestinal disorders FOXP3 c.-22-902A or c.-23+2882A allele  

Immunosuppressants › Calcineurin Inhibitors 
and Related Drugs 

Tacrolimus Incidence of new‐onset diabetes mellitus/ 
opportunistic infections, including 
cytomegalovirus infection 

CYP3A5*1/*1 (i.e., expressors) vs. CY3A5*3/*3 (i.e., 
nonexpressors) 
 

(454) 

Immunosuppressants › Non-Calcineurin 
Inhibitors 

Sirolimus Decrease in haemoglobin levels AGAAA 
(rs1770345/rs2300095/rs2076655/rs1883965/rs12732063) m-
TOR haplotype 

(455) 

 Sirolimus Total cholesterol (tCHL), triglyceride (TRG) 
low-density-lipoprotein plasma-cholesterol 
(LDL-C), infections, cutaneous ADEs and 
oedema 

m-TOR, p70S6K or Raptor polymorphisms 
(p70S6K rs2526354, rs180535, rs8067568 and m-TOR 
rs12732063 SNPs were studied using a dominant genetic 
model. Raptor rs2289759 and rs7211818 were studied using a 
recessive genetic model) 

 

Immunosuppressants › Purine Synthesis 
Inhibitors 

Mycophenolic Acid Diarrhoea, Leukopenia UGT2B7-840G>A (456) 

Lipid Modifying Drugs › Statins Simvastatin Myopathy SLCO1B1 rs4149056 (Val174Ala) (219) 

Lipid Modifying Drugs › Statins Atorvastatin, Simvastatin, Pravastatin Composite adverse event (CAE)  SLCO1B1 rs4149056 (Val174Ala) (220) 

Lipid Modifying Drugs › Statins Rosuvastatin Clinical myalgia rs4363657C or rs4149056C in SLCO1B1 (221) 
 

Nicotinic Receptor Agonists › Nicotine & 
Antidepressants › Serotonin and 
Noradrenaline Reuptake Inhibitors 

Smoking cessation medications 
(bupropion and nicotine replacement 
therapy) 

Gastrointestinal ADEs rs12899425 Near IREB2, rs4243083 PSMA4, rs2869546 
CHRNA3, rs1878399 CHRNA3 

(457) 

 Smoking cessation medications Gastrointestinal ADEs rs684513 CHRNA5, rs6495309 Between CHRNA3-B4, 
rs4887072 CHRNB4, CHRNA5-CHRNA3-CHRNB4 region 
rs578776, CHRNA5-CHRNA3-CHRNB4 region rs12443170 

 

Oestrogens & Progestogens Hormone Therapy (estradiol, 
progesterone, drospirenone) 

Anthropometric and metabolic variables/ 
lipid accumulation product index 

Homozygous AA genotype of rs9939609  (458) 

  Hormone Therapy (oestradiol, 
progesterone, drospirenone) 

Lipid accumulation product index rs9939609 and haplotype AAAA  

Oestrogens & Progestogens Hormone Therapy  CHD events GP1BA −5TT genotype, GP1BA −5TT plus GP6 13254TC+CC 
genotypes 

(459) 

 Hormone Therapy  CHD events GP1BA −5TC or CC, GP6 13254 TC+CC genotypes  

Proton Pump Inhibitors Lansoprazole Upper respiratory infections/sore throat CYP2C19 PMs (460) 
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reported separately, and “or” was used when these were analysed and reported jointly in the study (i.e., patients who developed ADE1, ADE2 or ADE3 etc were combined in the analysis). This 
also applies to the culprit drugs and variants/genotypes. For variants and genotypes, the word “combined” was used when these variants occurred simultaneously in the same individual. 

Abbreviations 
Anthracycline-based chemotherapy: daunorubicin, doxorubicin, mitoxantrone. Protocol (IA+IB): prednisone or dexamethasone then: cytarabine; cyclophosphamide; daunorubicin; L-
asparaginase; 6-mercaptopurine; methotrexate; vincristine. IFL: irinotecan [CPT-11, Camptosar] with bolus 5-FU plus leucovorin. LV: leucovorin. CPT-11: Campto'l", irinotecan. FOLFOX: 5-
fluorouracil, folinic acid and oxaliplatin. FOLFIRI: infusional 5-fluorouracil, leucovorin, and irinotecan. LV5FU2: fluorouracil, leucovorin. FOLFOXIRI: infusional fluorouracil, leucovorin, oxaliplatin, 
and irinotecan. CEC: cyclophosphamide. BEA: bleomycin, etoposide, doxorubicin. ECF: Epirubicin + Cisplatin + 5-Flurouracil. TAC: docetaxel, doxorubicin, cyclophosphamide. ddAC: 
doxorubicin-cyclophosphamide. IROX: irinotecan plus oxaliplatin. ABVD: doxorubicin, bleomycin, vinblastine and dacarbazine. CHOP: cyclophosphamide, doxorubicin, vincristine, prednisone 
with or without rituximab. R-CHOP: cyclophosphamide, doxorubicin, vincristine prednisolone, and rituximab. ACVBP: doxorubicin, cyclophosphamide, vindesine, bleomycin and prednisone. I-
ACVBP: intensified immunochemotherapy with ACVBP. FU or 5-FU: Fluorouracil. Ox: Oxaliplatin. Ir: Irinotecan. Xelox: Oxaliplatin and capecitabine. OxMdG: Oxaliplatin de Gramont 
(=FOLFOX). DHAPP: Dihydroartemisinin‐piperaquine and primaquine. SLDPQ: single low dose primaquine. CDA: Chlorproguanil-dapsone-artesunate. CPG–DDS: chlorproguanil–dapsone. 
AL: artemether-Lumefantrine. NSAIDs: Nonsteroidal Anti-Inflammatory Drugs. ADEs: Adverse Drug Effects. HSR: hypersensitivity reaction. TEAE: Treatment‐emergent adverse events. CNS: 
Central Nervous System. HIV: human immunodeficiency virus. LoF: loss-of-function. MS-ADEs: Musculoskeletal ADEs. VM-ADEs: vasomotor ADEs. EM: Extensive metaboliser. IM: 
Intermediate metaboliser. PM: Poor metaboliser. UM: Ultrarapid metaboliser. NMDA: N-methyl-D-aspartate. CNS: Central Nervous System. 
 

Table 2.5 The full list of variants associated with ADEs identified from Meta-analyses* 
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Therapeutic Class/Treatment Modality Culprit Drug(S) Toxicities or Adverse Drug Effect(s) Variants(s)/ Genotype(s) Reference 

Lipid Modifying Drugs › Statins Statins Myopathy LILRB5 (rs12975366: T > C: Asp247Gly) (461) 

Lipid Modifying Drugs › Statins Statins Myotoxicity GATM rs1719247  (462) 

 Statins Myotoxicity rs1346268      Chr15: 43,460,321  

Lipid Modifying Drugs › Statins Atorvastatin Myopathy SLCO 1B1 c.521T>C (rs4149056) (463) 

Lipid Modifying Drugs › Statins Statins, Simvastatin, Atorvastatin ADEs SLCO1B1 −521T>C  (464) 

 Statins ADEs SLCO1B1 −388A>G  

Lipid Modifying Drugs › Statins Statins Myotoxicity SLCO1B1 T521C (465) 

Lipid Modifying Drugs › Statins Statins Myopathy SLCO1B1 T521C  (466) 

Lipid Modifying Drugs › Statins Statins, Simvastatin, Rosuvastatin, 
Cerivastatin 

Myopathy SLCO1B1 T521C (467) 

Lipid Modifying Drugs › Statins Statins Myopathy SLCO1B1 c.521C>T (468) 

Lipid Modifying Drugs › Statins Statins Myopathy ABCB1 C3435T (469) 

Antiplatelet Drugs Clopidogrel  Major Bleeding CYP2C19*2, ABCB1 C3435T (470) 

Antiplatelet Drugs Clopidogrel Bleeding ABCB1 C3435T (471) 

Antiplatelet Drugs Clopidogrel Bleeding Reduced function CYP2C19 allele non-carriers vs. carriers. Among 
IMs, PMs and EMs 

(472) 

Antiplatelet Drugs Clopidogrel Bleeding P2Y12 C34T (473) 

Antiplatelet Drugs Clopidogrel Bleeding CYP2C19*17 (474) 

Antiplatelet Drugs Clopidogrel Bleeding CYP3A5 A6986G (rs776746) (GG vs. AA + AG) (475) 

Antiplatelet Drugs Clopidogrel  Bleeding P2RY12 alleles carriers: rs2046934 T > C, rs6785930 C > T, 
rs6809699 G > T 

(476) 

Antiplatelet Drugs Clopidogrel Bleeding ABCB1 C3435T (477) 

Antiplatelet Drugs Clopidogrel Bleeding ABCB1 C3435T (478) 

Antiplatelet Drugs Clopidogrel Bleeding loss-of-function (CYP2C19) alleles (*2, *3, *4, *5, *6, *7, or *8) (479) 

Antiplatelet Drugs Clopidogrel  Bleeding CYP2C19 loss-of-function (LOF) alleles: (*1/*2, *1/*3) (480) 

Antiplatelet Drugs Clopidogrel Bleeding Carriage of one or two CYP2C19 loss-of-function (LoF) alleles 
versus no CYP2C19 LoF alleles 

(481) 

Antiplatelet Drugs Clopidogrel Bleeding, Severe bleeding CYP2C19 Genotype (Any Copy of *2 Through *8 vs *1 or *17) (482) 

 Clopidogrel Major Bleeding Events CYP2C19 ∗2 or ∗3, CYP2C19∗1 or ∗17  

Antiplatelet Drugs Clopidogrel Bleeding CYP2C19*2-*8 (483) 

Antiplatelet Drugs Clopidogrel Bleeding events, major bleeding CYP2C19*17 (484) 

Antiplatelet Drugs Clopidogrel Bleeding CYP2C19 *2 or *3 to wild-type (*1) or *17 (reference)  (485) 

Antiplatelet Drugs Clopidogrel Major bleeding rs12248560 (*17: 4195C→T/A) (486) 

Antiplatelet Drugs Clopidogrel Major Bleeding, major or minor bleeding Carriers and noncarriers of the CYP2C19 LOF allele (487) 

Antiplatelet Drugs Aspirin Bleeding GUCY1A3 (rs7692387) (488) 

Antiplatelet Drugs Aspirin Asthma TBXA2R +795C/T (C vs T) (489) 

Antiplatelet Drugs Aspirin Asthma LTC4S Gene −444A/C (CC + AC vs. AA) (490) 

Antithrombotic Drugs › Vitamin K 
Antagonists 

Warfarin 
 

Bleeding  CYP2C9 *2 or *3 (491) 

Antithrombotic Drugs › Vitamin K 
Antagonists 

Warfarin Bleeding CYP2C9*2, CYP2C9*3, CYP2C9*2 and *3 combined, VKORC1 
rs9934438 

(492) 

Antithrombotic Drugs › Vitamin K 
Antagonists 

Warfarin Haemorrhagic Complications CYP2C9*2 and *3 (493) 

 Warfarin Haemorrhagic Complications CYP2C9 *1/*1, *3/*3, 1 copy of CYP2C9*3, *1/*3, *3/*3   

 Warfarin Haemorrhagic Complications CYP2C9*1/*2, *2/*2, *2/*3   

 Warfarin Haemorrhagic Complications VKORC1 c. −1639G>A (rs 9923231), GA and AA   
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Analgesics › Non-Steroidal Anti-
inflammatory Drugs 

NSAIDs Gastrointestinal Bleeding PM CYP2C9, CYP2C9*3 (494) 

Analgesics › Non-Steroidal Anti-
inflammatory Drugs 

NSAIDs Gastrointestinal Bleeding CYP2C9*2 and CYP2C9*3 variant alleles (495) 

Analgesics › Opioids Opioid Analgesics Side effects (including nausea and 
vomiting) 

(OPRM1) 118G allele variant (496) 

 Opioid Analgesics Side effects mainly postoperative 
nausea/vomiting 

CYP3A4*1G, ABCB1 3435T 
 

 

Analgesics › Opioids Opioid Less Nausea/Vomiting OPRM1 118A>G (497) 

Analgesics › Opioids Opioid  Nausea OPRM1 118A > G (498) 

 Opioid Vomiting OPRM1 118A > G  

Antimycobacterials Anti-Tuberculosis (Most Studies Used INH, 
RMP, PZA And EMB For TB Treatment) 

Liver Injury Null GSTM1 genotypes  (499) 

 Anti-Tuberculosis (Most Studies Used INH, 
RMP, PZA And EMB For TB Treatment) 

Liver Injury GSTP1 Ile105 Val GG + AG vs AA  

Antimycobacterials Anti-Tuberculosis Drugs (Most Studies Had 
an Anti-Tuberculosis Regimen Containing 
INH, RMP, PZA And EMB) 

Liver Injury CYP2E1 RsaI/PstI polymorphism (rs2031920) 
 

(500) 

Antimycobacterials Anti-Tuberculosis Drugs Hepatotoxicity CYP2E1 RsaI polymorphism (TT or CT vs.  CC) (501) 

 Anti-Tuberculosis Drugs Hepatotoxicity CYP2E1 RsaI, CYP2E1 DraI polymorphism (AA or TA vs.  TT), 
CYP2E1 PstI (CC or GC vs. GG) 

 

 Anti-Tuberculosis Drugs Hepatotoxicity CYP2E1 96-bp deletion-insertion SNP: homozygous mutant-type  

 Anti-Tuberculosis Drugs Maculopapular Eruption CYP2C9 rs9332096, CYP2C19 rs4986893, homozygous mutant-
type or heterozygous genotype vs. homozygous wild-type 

 

 Anti-Tuberculosis Drugs Maculopapular Eruption CYP2E1 (RsaI, rs2070672, rs2070673), CYP2C9 (rs4918758, 
rs1057910), CYP2C19 (-1418 C-T) 

 

Antimycobacterials Anti-Tuberculosis Drugs (either 
monotherapy with INH or RIF or a 
combination therapy including a four-drug 
regimen of INH, RIF, PZA and EMB) 

Liver Injury CYP2E1 RsaI/PstI c1/c1, NAT2 (slow vs. intermediate and fast 
acetylators), GSTM1 null 
 
 

(502) 

 Anti-tuberculosis drugs (either monotherapy 
with INH or RIF or a combination therapy 
including a four-drug regimen of INH, RIF, 
PZA and EMB) 

Liver Injury CYP2E1 DraI, GSTT1 null, GSTM1/GSTT1 (dual-null vs one-null 
or non-null), SLCO1B1 388A>G, SLCO1B1 521T>C 

 

Antimycobacterials Anti-Tuberculosis Drugs 
INH+RMP+PZA+EMB, or+SM  

Hepatotoxicity GSTM1 null genotypes (503) 

 Anti-Tuberculosis Drugs 
INH+RMP+PZA+EMB, or+SM 

Hepatotoxicity GSTT1 polymorphism  

Antimycobacterials Anti-Tuberculosis Drug Hepatotoxicity GSTM1 present genotype (504) 

Antimycobacterials Anti-tuberculosis drugs (most studies used 
INH, RMP and PZA) 

Liver Injury GSTM1 null genotype  (505) 

 Anti-Tuberculosis Drugs (Most Studies 
Used INH, RMP and PZA) 

Liver Injury GSTT1 polymorphism  

Antimycobacterials Anti-Tuberculosis Drugs (INH, RFP, PZA, 
EMB) 

Hepatotoxicity PstI/RsaI polymorphism CYP2E1 c1/c1, CYP2E1 c1/c1 genotype 
combined with NAT2 slow acetylator status versus that with the 
rapid plus intermediate acetylator status 

(506) 

 Anti-Tuberculosis Drugs (INH, RFP, PZA, 
EMB) 

Hepatotoxicity CYP2E1-DraI polymorphism   

Antimycobacterials Antituberculosis drugs Liver Injury GSTM1 present genotype (507) 
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Antimycobacterials Anti-Tuberculosis Drugs 
INH+RMP+PZA+EMB, or+SM 

Hepatotoxicity CYP 2E1 Rsa I/Pst I (C1/C1 vs. C1/C2 + C2/C2) (508) 

 Anti-Tuberculosis Drugs 
INH+RMP+PZA+EMB, or+SM 

Hepatotoxicity Dra I polymorphism (DD vs. DC+CC)  

Antimycobacterials Anti-Tuberculosis Drugs  Liver Injury  NAT2 slow and ultra-slow acetylator genotypes, 
NAT2*6A/*6A,*6A/*7B 

(509) 

 Anti-Tuberculosis Drugs  Liver Injury  Ultra-slow acetylator, NAT2*5B/*5B  

Antimycobacterials Anti-Tuberculosis Drugs (at least one of 
INH, RMP, PZA Or EMB) 

Hepatotoxicity, hepatotoxicity outcomes 
ADEs (defined as at least one of the 
following: gastric, joint, neuromuscular or 
skin reactions, hepatotoxicity) 

Slow acetylators vs. rapid acetylators, slow acetylators vs. 
rapid/intermediate acetylators 

(510) 

 Anti-tuberculosis drugs (at least one of INH, 
RMP, PZA or EMB) 

Peripheral Neuropathy, Skin Rash and 
Eosinophilia 

Acetylator status  

 Anti-tuberculosis drugs (at least one of INH, 
RMP, PZA or EMB) 

Maculopapular Eruption SNPs investigated by Kim et al.  

Antimycobacterials Anti-Tuberculosis Drugs 
(INH+RMP+PZA+EMB or INH or 
INH+RMP) 

Liver Injury NAT2 slow acetylators, NAT2 intermediate acetylators (511) 

Antimycobacterials Anti-TB Treatment Liver Injury NAT2 slow acetylators, NAT2*6/*7 (512) 

Antimycobacterials Antituberculosis Drugs (when standard 
dose of isoniazid was administered) 

Liver Injury NAT2 slow acetylators (513) 

Antimycobacterials Anti-Tuberculosis Drugs (most studies RMP 
and PZA) 

Hepatotoxicity NAT2 slow acetylators (514) 

Antimycobacterials Anti-Tuberculosis Drugs Liver Injury GSTT1 polymorphism (515) 

 Anti-Tuberculosis Drugs Liver Injury NAT2 slow acetylator (without wild-type NAT2*4 allele),  CYP2E1 
c1/c1, GSTM1 null, GSTM1 null and GSTT1 null combined 

 

Antimycobacterials Anti-Tuberculosis Drugs Liver Injury CYP2E1c1/c1 genotypes, CYP2E1 homozygous wild genotype 
(*1A/*1A), GSTM1 null, GSTM1 homozygous null genotype 
(null/null), GSTT1 homozygous null genotype (null/null), 
NAT2 homozygous variant genotype (mt/mt), NAT2 homozygous 
variant (mt/mt) and the combined genotype (w/w + w/mt) 

(516) 

 Anti-Tuberculosis Drugs Liver Injury NAT2*4 allele might be a protective gene  

Antimalarials & Antimycobacterials Dapsone CADRS, DHS, SJS/TEN, DRESS HLA-B*1301 (517) 

Antimycobacterials › Other Isoniazid Hepatotoxicity NAT2 481C>T (rs1799929), NAT2 590G>A (rs1799930), NAT2 
857G>A (rs1799931) 

(518) 

Immunosuppressants › Antimetabolites Azathioprine or other thiopurine-based 
drugs 

Leukopenia, Thrombocytopenia, Hepatitis 
or elevated hepatic transaminases 

Heterozygous for TPMT mutations (TPMT*2, *3A, *3B, *3C) (519) 

 Azathioprine or other thiopurine-based 
drugs 

Infection, withdrawal due to ADEs, 
myelotoxicity, anaemia, pancreatitis 

Heterozygous for TPMT mutations (TPMT*2, *3A, *3B, *3C)  

Immunosuppressants › Antimetabolites Thiopurine Leukopenia  NUDT 15: c.415C > T, c.52G > A, 36_37insGGAGTC (520) 

Immunosuppressants › Antimetabolites Thiopurines Myelotoxicity, Intolerance NUDT15 rs116855232 (521) 

Immunosuppressants › Antimetabolites Thiopurine  Leukopenia TPMT variants (*2, *3A, *3B, *3C, *3D, *6, *8, *12, *21, *37 and 
*40), NUDT15 R139C and G52A and 36_37ins/delGGAGTC, 
NUDT15 R139C, NUDT15 c.36_37ins/delGGAGTC, NUDT15 
c.52G > A 

(522) 

 Thiopurine Leukopenia ITPA rs1127354 or rs7270101  

 Thiopurine Severe early leukopenia NUDT15 R139C  

Immunosuppressants › Antimetabolites Azathioprine Overall ADEs, Bone Marrow Toxicity, 
Gastric Intolerance 

TPMT*3 family (including TPMT*3A, TPMT *3B and TPMT *3C) (523) 

 Azathioprine Hepatotoxicity TPMT*3 family (including TPMT*3A, TPMT *3B and TPMT *3C)  
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Immunosuppressants › Antimetabolites Thiopurine (e.g., 6-MP or AZA) Bone Marrow Toxicity, Hepatotoxicity, 
Pancreatitis 

ITPA 94C→A  (524) 

Immunosuppressants › Antimetabolites Thiopurines Leukopenia, withdrawals due to ADEs At least TPMT*2, TPMT*3A, TPMT*3B, TPMT*3C (525) 

     

Immunosuppressants › Antimetabolites 6-MP or AZA Overall ADEs, Bone Marrow Toxicity, 
Hepatotoxicity, Pancreatitis 

TPMT*3A and TPMT*3C  (526) 

Immunosuppressants › Antimetabolites Thiopurine  Overall ADEs, Other ADEs (Gastric 
Intolerance, Flu-Like Symptoms and Skin 
Reactions), BMI, Hepatotoxicity, 
Pancreatitis 

TPMT*2, *3A, *3B, *3C, *3D, *4, *5, *6, *7, *8, *10 alleles (527) 

Antineoplastic Drugs › Antimetabolites Methotrexate  Toxicity ATIC 347 C/G  (528) 

Antineoplastic Drugs › Antimetabolites Methotrexate All-grade (grade 1–4) and severe (grade 
3–4) hepatic and all-grade and severe 
gastrointestinal toxicities, all-grade and 
severe mucositis and all-grade and 
severe hepatic and all-grade and severe 
haematological toxicity 

MTHFR C677T (529) 

Antineoplastic Drugs › Antimetabolites Methotrexate Overall ADEs and Toxicity MTHFR C677T (rs1801133) (530) 

Antineoplastic Drugs › Antimetabolites Methotrexate Toxicity, Leukopenia, Thrombocytopenia, 
Myelosuppression, Mucositis, 
Hepatotoxicity, Neurotoxicity 

RFC1 G80A  (531) 

Antineoplastic Drugs › Antimetabolites Methotrexate  Oral Mucositis (Grade ≥2), Oral Mucositis 
(Grade ≥ 3) 

(TYMS) rs34743033 (2R3R) (532) 

Antineoplastic Drugs › Antimetabolites Methotrexate Toxicity (TYMS) 2R/3R, TYMS 2R/3R 3R vs. 2R Overall and Caucasian 
and Non-Caucasians, 3R3R vs. 3R2R + 2R2R (Recessive) Overall 
and Caucasian and Non-Caucasians, 3R3R + 3R2R vs. 2R2R 
(Dominant) Overall and Caucasian and Non-Caucasians, 3R2R 
vs.3R3R + 2R2R (Co-dominant) Overall and Caucasian and Non-
Caucasians, 3R3R vs. 2R2R Overall and Caucasian and Non-
Caucasians, TYMS 6 bp I/D polymorphism, TYMS 6 bp I/D D vs. I 
Overall and Caucasian and Asian, DD vs. DI + II (Recessive) 
Overall and Caucasian and Asian, DD + DI vs. II (Dominant) 
Overall and Caucasian and Asian, DI vs. DD + II (Co-dominant) 
Overall and Caucasian and Asian, DD vs. II Overall and Caucasian 
and Asian 

(533) 

Antineoplastic Drugs › Antimetabolites Methotrexate  Overall ADEs TYMS 1494 del6 and FPGS rs10106 were correlated to absenting 
overall ADEs in recessive and dominant models 

(534) 

 Methotrexate Overall ADEs MTHFR C677T  

 Methotrexate Overall ADEs MS A2756G, ABCB1/MDR-1 C1236T, AMPD1 
34C>T, GGH 401C/T, GGH 452C>T, GGH -354 G>T, ITPA 94C/A, 
MTHFR A1298C, MTHFD1 1958 G/A, MTRR 66 A>G, MTR 
A2756G, SHMT1 1420C/T and SLC19A1/RFC-1 80G/A 

 

 Methotrexate Gastrointestinal ADEs ATIC 347C>G   

 Methotrexate Dermatological ADEs RFC1 80 G/A   

Antineoplastic Drugs › Antimetabolites Methotrexate Toxicity 3 MTHFR 677C > T (rs1801133) alleles, MTHFR 677C > T 
(rs1801133) 3 allele, MTHFR 1298A > C (rs1801131) 3 allele, ATIC 
347C > G (rs2372536), MTR 2756A > G (rs1805087), MTRR 
66A > G (rs1801394), RFC −1 80G > A (rs1051266), ABCB1 
3435C > T (rs1045642) 

(535) 

Antineoplastic Drugs › Antimetabolites Methotrexate Mucositis, Hepatic Toxicity, Neutropenia, 
Thrombocytopenia, Anaemia, Leukopenia 

MTHFR C677T (536) 
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 Methotrexate Leukopenia MTHFR A1298C   

 Methotrexate Myelosuppression, Thrombocytopenia, 
Hepatic Toxicity, Anaemia 

MTHFR A1298C   

Antineoplastic Drugs › Antimetabolites Methotrexate Toxicity (MTHFR) 677C>T(rs1801133), (ATIC) 347C>G (rs2372536), 
(RFC-1) 80G>A (rs1051266), (ABCB1) 3435C>T(rs1045642) 

(537) 

Antineoplastic Drugs › Antimetabolites Methotrexate Overall ADEs and Toxicity MTHFR C677T (538) 

Antineoplastic Drugs › Antimetabolites Methotrexate Overall Toxicity MTHFR C677T (539) 

 Methotrexate Overall Toxicity MTHFR A1298C  

 Methotrexate Overall Toxicity MTHFR 1298CC  

Antineoplastic Drugs › Antimetabolites Methotrexate  Toxicity C677T MTHFR, MTHFR A1298C  (540) 

Antineoplastic Drugs › Antimetabolites Methotrexate Hepatotoxicity (Grade ⩾2), 
Haematological Toxicity (Grade 3–4), 
Mucositis (Grade ⩾3) 

MTHFR C677T  (541) 

 Methotrexate Hepatotoxicity (Grade ⩾2), 
haematological toxicities or mucositis 

MTHFR A1298C  

Antineoplastic Drugs › Antimetabolites Methotrexate  Haematological Toxicity, Neurotoxicity, 
Neutropenia 

MTHFR C677T  
 

(542) 

 Methotrexate Liver Toxicity, Myelosuppression, Oral 
Mucositis, Gastrointestinal Toxicity, 
Haematological Toxicity, Neurotoxicity, or 
Neutropenia 

MTHFR A1298C  

 Methotrexate Skin Toxicity/ Leukopenia MTHFR A1298C  

Antineoplastic Drugs › Antimetabolites Methotrexate  Toxicity MTHFR A1298C (543) 

 Methotrexate  Toxicity in Latin American Population MTHFR A1298C  

Antineoplastic Drugs › Antimetabolites Methotrexate  Toxicity MTHFR C677T (544) 

Antineoplastic Drugs › Antimetabolites Methotrexate Overall toxicity: more than two ADEs, 
hepatotoxicity and haematological 
toxicity, gastrointestinal toxicity, 
neurotoxicity 

MTHFR C677T (545) 

 Methotrexate Overall toxicity: more than one ADE MTHFR C677T   

 Methotrexate Overall toxicity: more than one ADE MTHFR A1298C   

 Methotrexate Overall toxicity: more than two ADEs MTHFR A1298C   

Antineoplastic Drugs › Antimetabolites Methotrexate Toxicity MTHFR C677T, MTHFR A1298C (546) 

Antineoplastic Drugs › Antimetabolites Methotrexate Toxicity MTHFR C677T (CC vs. CT + TT), MTHFR A1298C (AA vs. 
AC + CC) 

(547) 

Antineoplastic Drugs › Antimetabolites Methotrexate Liver Toxicity/ Hepatotoxicity  The 677C>T variant (rs1801133) (548) 

Antineoplastic Drugs › Antimetabolites Methotrexate Toxicity RFC1 80G>A (549) 

Antineoplastic Drugs › Antimetabolites Methotrexate  Toxicity RFC1 80G/A  (550) 

Antineoplastic Drugs › Antimetabolites Methotrexate Overall Toxicity ABCB1 C3435T T allele (T vs. C alleles), (Over-dominant), TC 
vs.TT + CC (Over-dominant), TT + TC vs. CC (Dominant), TT + TC 
vs. CC (Dominant), TT vs. TC + CC (Recessive) 

(551) 

Antiepileptics Antiepileptic Drug  Cutaneous ADRs HLA-A*24:02 (552) 

Antiepileptics Antiepileptic Drugs (Pht‐ or Ltg‐) SJS/TEN HLA ‐B *15:02 (553) 

Antiepileptics Aromatic Antiepileptic Drugs (CBZ, PHT, 
PB & Non-Aromatic Antiepileptic Drugs: 
Dapsone & Salazosulfapyridine] 

CADRS HLA-B*13:01 
 
 

(554) 

Antiepileptics Phenytoin, Lamotrigine SJS/TEN HLA-B*1502 (555) 

Antiepileptics Phenytoin  SJS/TEN CYP2C9*3 (556) 
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Antiepileptics Phenytoin  Severe CADRS, SJS-TEN, DRESS, 
(SJS-TEN and DRESS) 

CYP2C9*3  (557) 

Antiepileptics Phenytoin Hypersensitivity CYP2C9*3 /HLA‐B*13:01 /HLA‐B*15:02 /HLA‐B*51:01  (558) 

Antiepileptics Carbamazepine Serious Cutaneous ADRs HLA-B*15:02  (559) 

Antiepileptics Carbamazepine SJS/TEN HLA-B*1511 (560) 

 Carbamazepine SJS/TEN HLA-B*5801 in Southeast Asian population  

Antiepileptics Carbamazepine Hypersensitivity HLA-A*3101, HLA-B*1511  (561) 

 Carbamazepine Hypersensitivity HLA-B*1502, HLA-B*4001, HLA-A*2402    

Antiepileptics Carbamazepine SJS/TEN HLA-B*1502 (562) 

 Carbamazepine Hypersensitivity HLA-A*3101  

Antiepileptics Carbamazepine DRESS, SJS/TEN HLA-A*31:01 (563) 

Antiepileptics Carbamazepine SJS/TEN HLA-B*15:02 (564) 

Antiepileptics Carbamazepine SJS/TEN HLA-B*1502 (565) 

Antiepileptics Carbamazepine  SCAR, DILI HLA-A*31:01 (566) 

 Carbamazepine SJS/TEN HLA-B*57:01  

Antiepileptics Oxcarbazepine  CADRS, SCAR HLA-B∗15:02 (567) 

Antiepileptics Oxcarbazepine SJS, MPE HLA-B*1502 (568) 

 Oxcarbazepine CADRS (i.e., MPE, SJS, DRESS) HLA-A*3101, HLA-A*3201, HLA-B*1501, HLA-B*1502, HLA-
B*1511, HLA-DQBI*0501, HLA-DQBI*0503, HLA-DRBI*0403, 
HLA-DRBI*0406, HLADRBI* 

 

 Oxcarbazepine MPE HLAA* 3101  

Antiepileptics Lamotrigine SJS/TEN HLA-B*1502  (569) 

Antiepileptics Lamotrigine CADRS HLA-B*1502, HLA-A*2402 (570) 

 Lamotrigine MPE HLA-B*3303   

 Lamotrigine MPE HLA-B*5801  

 Lamotrigine SJS/TEN HLA-B*1502  

Xanthine Oxidase Inhibitors Allopurinol Severe Hypersensitivity Syndrome HLA‐B*5801 (571) 

Xanthine Oxidase Inhibitors Allopurinol SJS/TEN HLA-B*58:01  (572) 

Xanthine Oxidase Inhibitors Allopurinol SJS/TEN HLA-A*33:03, HLA-C*03:02 (573) 

Xanthine Oxidase Inhibitors Allopurinol  CADRS HLA-B*58:01 (574) 

Xanthine Oxidase Inhibitors Allopurinol  SJS/TEN HLA-B*5801  (575) 

Antidepressants Antidepressants Mania SLC6A4 promoter polymorphism (S allele of 5-HTTLPR) 
(genotypes ss ⁄ sl versus ll) 

(576) 

Antidepressants Antidepressants Mania SLC6A4 promoter polymorphism (S allele of 5-HTTLPR) (577) 

Antidepressants Antidepressants Mania SLC6A4 (S allele of 5-HTTLPR ) (578) 

Antidepressants Antidepressant Side Effects (5-HTTLPR) l, HTR2A −1438G/G  (579) 

Antidepressants › Selective Serotonin 
Reuptake Inhibitors 

SSRIS Side Effects HTR2A −1438G/G   

Antidepressants › Selective Serotonin 
Reuptake Inhibitors 

SSRIS Side Effects/Gastrointestinal Side Effects (5-HTTLPR) l     

Antidepressants Antidepressants Side effects: gastro-intestinal (dry mouth, 
diarrhoea, constipation, nausea or 
vomiting), cardiovascular (palpitations, 
dizziness or feeling light-headed on 
standing), central nervous system 
(headache, tremors, feeling like the room 
is spinning), sleep (insomnia, drowsiness 
or oversleeping) and sexual (loss of 
desire, trouble achieving orgasm, trouble 
with erection) 

PMs, at weeks 2–4 (580) 



75 
 

 Antidepressants Sexual Side Effects  PMs, At week 6  

Antipsychotics Antipsychotics  Tardive Dyskinesia COMT val158met (rs4680) using Val–Val homozygotes as 
reference category (a protective effect for Val–Met heterozygotes) 

(581) 

 Antipsychotics  Tardive Dyskinesia COMT val158met (rs4680)  

 Antipsychotics  Tardive Dyskinesia Taq1A in DRD2 (using the A1 variant as reference category)  

 Antipsychotics  Tardive Dyskinesia Taq1A in DRD2 A2–A2 homozygotes (using A1–A1 as reference 
category) 

 

 Antipsychotics  Tardive Dyskinesia MnSOD Ala–9Val, using Ala–Ala homozygotes as reference 
category 

 

Antipsychotics Antipsychotics Tardive Dyskinesia DRD3 Ser9Gly  (582) 

Antipsychotics Antipsychotics  Tardive Dyskinesia DRD3 Ser9Gly (583) 

Antipsychotics Antipsychotics (Olanzapine, Risperidone, 
and Clozapine) 

Weight Gain ADRA2A rs1800544 −1291C/G, BDNF rs6265 Val66Met (G/A), 
DRD2, rs1799732 −141C Ins/Del, HTR2C HTR2C rs3813929 
−759C/T, HTR2C HTR2C rs6318 Cys23Ser, HTR2C HTR2C 
rs518147 −697G/C, MC4R rs489693 

(584) 

Antipsychotics Antipsychotics Tardive Dyskinesia COMT Val158Met (585) 

Antipsychotics Antipsychotics  Hyperprolactinaemia CYP2D6 PMs vs EMs, IMs vs EMs, Combined PMs/IMs vs 
combined EMs/UMs 

(586) 

Antipsychotics Antipsychotics Tardive Dyskinesia CYP2D6 genotype mut/mut vs wt/wt, wt/mut vs wt/wt, 
mut/mut+wt/mut vs wt/wt, mut/mut vs wt/wt+wt/mut, mut/mut vs 
wt/wt (prospective studies only) 

(587) 

 Antipsychotics Tardive Dyskinesia CYP2D6 wt/mut vs wt/wt (prospective studies only), 
mut/mut+wt/mut vs. wt/wt (prospective studies only) 

 

 Antipsychotics Abnormal Involuntary Movement Scale 
Score (AIMS) 

CYP2D6 mut/mut vs wt/wt, wt/mut vs wt/wt, mut/mut vs wt/mut  

 Antipsychotics Parkinsonism  CYP2D6 mut/mut or wt/mut   

Antipsychotics Antipsychotics Tardive Dyskinesia CYP2D6 loss of function alleles, the *2 allele and the *10 allele (588) 

 Antipsychotics Tardive Dyskinesia CYP2D6 homozygotes for loss of function alleles (poor 
metabolizers), CYP2D6 *2, CYP2D6 *10  

 

Antipsychotics Antipsychotic (first-generation 
antipsychotics (bromperidol and 
nemonapride), mixed first- and second-
generation antipsychotics, olanzapine in 
one study, and olanzapine and fluoxetine 
combination) 

Prolactin Levels  DRD2 Taq1A (rs1800497) (when comparing A2 carriers and A2 
non-carriers), DRD2 -141C Ins/Del, 141C Ins/Del (rs1799732) 

(589) 

 Antipsychotics Prolactin Levels (in patients with 
schizophrenia) 

DRD2 Taq1A carriers and A1 non-carriers   

Antipsychotics Antipsychotic (mixed antipsychotics, 
Olanzapine, Clozapine) 

Weight Gain GNB3 C825T  (590) 

  BMI GNB3 C825T   

Antipsychotics Antipsychotics (Clozapine or Olanzapine) Weight Gain HTR2C C-759T polymorphism C allele: C-759T (CC/C versus CT 
or TT/T) 

(591) 

Antipsychotics Antipsychotics Weight Gain HTR2C gene –759C/T promoter polymorphism (rs3813929) (592) 

Antipsychotics Antipsychotic Weight Gain Leptin gene -2548G/A (593) 

Antipsychotics › Second Generation Clozapine Metabolic Outcomes (increases in BMI 
and metabolic syndrome) 

rs381328 in HTR2C (594) 

Antipsychotics Olanzapine  Weight Gain HTR2C -759C/T (rs3813829) (595) 

 Olanzapine/Clozapine/Risperidone Metabolic Syndrome HTR2C -759C/T (rs3813829)  

 Olanzapine/Clozapine/Risperidone Metabolic Syndrome HTR2C intragenic rs1414334:C> G polymorphism, HTR2C -697 
G/C polymorphism 
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Antifungals › Triazole Antifungals Voriconazole Overall ADEs CYP2C19 HEM versus EM, PM versus EM, HEM versus PM, Non-
PM versus PM 

(596) 

 Voriconazole Hepatotoxicity HEM versus EM, PM versus EM, HEM versus PM, Non-PM versus 
PM, HEM versus EM, PM versus EM, HEM versus PM, Non-PM 
versus PM 

 

Antiretroviral Drugs Antiretroviral Therapy (Nevirapine, 
Abacavir) 

Hypersensitivity HLA-A *24, HLA-C *04, HLA-B *35, *39, *51, *81, *18 (597) 

 Antiretroviral Therapy (Nevirapine, 
Abacavir) 

Hypersensitivity HLA-B *15, HLA-C *02, *03, *07, HLA-DRB1 *05  

 Antiretroviral Therapy (Nevirapine, 
Abacavir) 

Hypersensitivity HLA-B *05, *07, *08, *13, *14, *17, *27, *37, *38, *40, *41, *42, 
*44, *45, *46, *47, *49, *50, *52, *53, *57, *58, and *82. HLA-DRB1 
*03, *04, *07, *08, *09, *10, *11, *12, *13, *14, *15 and *16 

 

Antivirals › Non-Nucleoside Reverse 
Transcriptase Inhibitors 

Efavirenz Central Nervous System Side Effects CYP2B6-516G>T (598) 

Antivirals › Nucleoside Analogues Ribavirin Haemolytic Anaemia ITPA rs1127354 CC, ITPA rs7270101 AA, ITPA rs6051702 AA (599) 

 Ribavirin Haemoglobin Decline Absent (−) ITPase deficiency haplotype, mild (+) ITPase deficiency 
haplotype, moderate (++) ITPase deficiency 

 

 Ribavirin Severe Anaemia, Stop Treatment ITPA rs1127354 CC  

Antivirals › Non-Nucleoside Reverse 
Transcriptase Inhibitors 

Nevirapine  HSR and hepatotoxicity HLA-allelotype (600) 

 Nevirapine  CADRS  HLA-B*35  

 Nevirapine  Hepatotoxicity HLA-B*58:01   

 Nevirapine  HSR HLA-C*04, HLA-DRB1*01  

Antivirals › Non-Nucleoside Reverse 
Transcriptase Inhibitors 

Abacavir HSR HLA-B*57:01 (601) 

Antivirals › Non-Nucleoside Reverse 
Transcriptase Inhibitors 

Abacavir 
 

HSR (clinical manifestation), Using 
confirmed immunologic test as their 
diagnostic criteria 

HLA-B*5701 (602) 

Antivirals › Protease Inhibitors, HIV Atazanavir  Hyperbilirubinemia UGT1A1*1/*28 or UGT1A1*28/*28 (603) 

Antihypertensives › Drugs Acting on The 
Renin-Angiotensin System › Ace 
Inhibitors 

ACE Inhibitors Cough ACE I/D polymorphism (604) 

Antihypertensives › Drugs Acting on The 
Renin-Angiotensin System › Ace 
Inhibitors 

ACE Inhibitors (Mainly: Benazepril, 
Enalapril) 

Cough ACE I/D I carriers (605) 

 ACE Inhibitors (Mainly: Benazepril, 
Enalapril) 

Cough BDKRB2-58T/C polymorphism (rs1799722)  

Antihypertensives › Drugs Acting on The 
Renin-Angiotensin System › Ace 
Inhibitors 

Angiotensin-Converting Enzyme 
Inhibitors 

Cough 
 

ACE insertion/deletion polymorphism (rs4646994) (606) 

Antihypertensives › Drugs Acting on The 
Renin-Angiotensin System › Ace 
Inhibitors 

ACE Inhibitors  Cough Deletion/insertion (ACE D/I) (607) 

 ACE Inhibitors  Cough Bradykinin B2 receptor -58T/C  

Antihypertensives › Drugs Acting on The 
Renin-Angiotensin System › Ace 
Inhibitors 

ACE Inhibitors  ADEs (Intolerance) rs2061538 (RBFOX3) (608) 

Antihypertensives › Drugs Acting on The 
Renin-Angiotensin System › Ace 
Inhibitors 

ACE Inhibitors and Angiotensin Receptor 
Blockers 

Angioedema KCNMA1 rs2253202  (609) 
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Antihypertensives › Beta-Adrenoceptor 
Blockers 

Metoprolol All-Cause ADEs PM or non-PM  (610) 

 Metoprolol Bradycardia PM vs. non-PM   

Bisphosphonates Bisphosphonates Osteonecrosis of the jaw CYP2C8 rs1934951, PPARG rs1152003 (611) 

 Bisphosphonates Osteonecrosis of the jaw CYP2C8 rs1934951, VEGF rs3025039  

Bisphosphonates Bisphosphonate Osteonecrosis of the jaw SIRT1 rs7896005, HERC4 rs3758392 (612) 

Antithyroid Drugs Antithyroid Drugs (Carbimazole, 
Methimazole, Propylthiouracil), 
Carbimazole/Methimazole (after excluding 
Propylthiouracil) 

Agranulocytosis HLA‐B*27:05, HLA‐B*38:02, HLA‐DRB1*08:03 (613) 

Corticosteroids (Inhaled) ± 
Corticosteroids (Systemic) 

Inhaled Corticosteroids ± Additional 
Corticosteroids 

Adrenal Suppression (peak cortisol 
<350 Nmol/L) 

PDGFD rs591118 
 

(614) 

Corticosteroids (Systemic) Glucocorticoid  Osteonecrosis - 675 4G/5G (rs1799889), PAI-1 4G allele vs. 5G allele ( 4G vs. 
5G), PAI-1 for (4G/4G vs. 5G/5G), PAI-1 (4G/4G vs. 5G/5G), PAI-1 
(4G/4G vs. 4G/5G + 5G/5G), PAI-1 (4G/4G + 4G/5G vs. 5G/5G), 
PAI-1 4G/4G + 4G/5G vs. 5G/5G, PAI-1 4G/4G vs. 4G/5G + 
5G/5G, ABCB1 C3435T C vs. T, ABCB1 C3435T CC + CT vs. TT, 
ABCB1 C3435T CC vs. TT 

(615) 

 Glucocorticoid  Osteonecrosis ABCB1 C3435T CC vs. CT + TT, MTHFR C677T CC vs.TT, C 
vs.T, CC vs. CT + TT CC + CT vs. TT 

 

Immunosuppressants › Calcineurin 
Inhibitors and Related Drugs 

Tacrolimus Nephrotoxicity CYP3A5 6986 A>G (616) 

 Tacrolimus Acute nephrotoxicity, chronic 
nephrotoxicity 

CYP3A5*1 (CYP3A5*1/*1 or CYP3A5 *1/*3, CYP3A5 expressor)  

Immunosuppressants › Calcineurin 
Inhibitors 

Calcineurin Inhibitors Nephrotoxicity CYP3A5*3/*3  (617) 

Aminosalicylates Sulfasalazine Overall ADEs (Primary Outcome), 
Number of patients who discontinued the 
drug due to overall ADEs 

NAT2 slow acetylators (618) 

Glaucoma › Carbonic Anhydrase 
Inhibitors 

Methazolamide  SJS/TEN HLA-B*5901, HLA-Cw*0102, HLA-B*5901-Cw*0102 haplotype (619) 

Antineoplastic Drugs › Protein Kinase 
Inhibitors 

TKI (lapatinib, pazopanib) Liver Injury HLA-DQA1*02:01, HLA-DQB1*02:02, HLA-DRB1*07:01 (620) 

Antineoplastic Drugs › Protein Kinase 
Inhibitors 

Gefitinib Overall Toxicity ABCG2 G34A (621) 

 Gefitinib Diarrhoea, skin toxicity, hepatotoxicity, 
interstitial pneumonia 

ABCG2 C421A  

Chemotherapy NSCLC Chemotherapy (Erlotinib, Gefitinib, 
Platinum, Cisplatin, Irinotecan) 

Diarrhoea, Skin Rash MDR1 C3435T  (622) 

Chemotherapy (Non-Anthracycline 
Antineoplastics) 

Non-Anthracycline Antineoplastics 
Trastuzumab 

Cardiotoxicity (HER2) rs1136201 (623) 

Antineoplastic Drugs › Monoclonal 
Antibodies 

Bevacizumab 
 

Hypertension Heterozygous and homozygous: VEGF (rs699947, rs833061, 
rs1570360, rs2101963, rs3025039) 

 

Antineoplastic Drugs › Monoclonal 
Antibodies 

Bevacizumab 
 

Decreased LVEF (HER2) variant 655A > G rs1136201  

 Bevacizumab Heart Failure rs1058808  

 Bevacizumab Cardioprotection FCGR2A rs1801274  

Antineoplastic Drugs › Platinum 
Compounds 

Oxaliplatin-Based Chemotherapy Toxicity ERCC1 C118T (624) 
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Antineoplastic Drugs › Monoclonal 
Antibodies 

Trastuzumab  Cardiotoxicity HER2 655 A>G (rs1136201) (625) 

Antineoplastic Drugs › Platinum 
Compounds 

Cisplatin  Ototoxicity ACYP2 rs1872328, LRP2 rs4668123, TPMT (rs12201199, 
rs1142345, rs1800460), COMT rs9332377 

(626) 

 Cisplatin Ototoxicity (EPXH1) rs2234922, rs6721961 of NFE2L2, rs10950831 
of ABCB5, GSTM3*B (rs1799735), SLC22A2 rs316019, 
rs1051640 of ABCC3, COMT rs4646316 

 

Antineoplastic Drugs › Platinum 
Compounds 

Cisplatin Hearing Loss rs4646316 in COMT (627) 

 Cisplatin Hearing Loss COMT (rs9332377), TPMT (rs12201199, TPMT (rs1800460), 
TPMT (rs1142345) 

 

Antineoplastic Drugs › Platinum 
Compounds 

Cisplatin Ototoxicity ACYP2 rs1872328, SLC22A2 rs316019 (628) 

Antineoplastic Drugs › Platinum 
Compounds 

Cisplatin Nephrotoxicity  GSTT1 gene deletion, GSTT1-null (629) 

Antineoplastic Drugs › Platinum 
Compounds 

Oxaliplatin Neuropathy GSTP1 Ile105Val (630) 

Antineoplastic Drugs › Platinum 
Compounds 

Platinum-Based Chemotherapy  GI Toxicity MTHFR rs1801131AA, MDM2 rs1690924TC/CC (631) 

 Platinum-Based Chemotherapy Haematological Toxicity MTHFR rs1801133 CT/TT genotype  

 Platinum-Based Chemotherapy Grade 3–4 Haematological Toxicity P53 Arg72Pro, ABCB1 G2677T/A, ABCB2 −24C>T, GSTP1 
A313G, XPD A2251C and G934A, MDM2 rs1470383, rs2279744, 
and rs1690924 

 

 Platinum-Based Chemotherapy Grade 3–4 Overall, Haematological, and 
GI Toxicities 

ABCB1 G2677T/A, BAX rs4645878, BCL2 rs2279115, 
MTHFR A1298C and C677T, ERCC1 C118T and C8092A, 
XRCC1 G1196A 

 

Antineoplastic Drugs › Platinum 
Compounds 

Platinum (Oxaliplatin) NCI CTC grade 3–4, grade 2–4, any 
grade 

GSTP1 Ile105Val) (632) 

Antineoplastic Drugs › Platinum 
Compounds 

Platinum (Oxaliplatin) NCI CTC grade 3-4, grade 2-4 
neuropathy 

GSTM1 deletion, GSTT1 deletion  

Antineoplastic Drugs › Platinum 
Compounds 

Platinum (Oxaliplatin) NCI CTC grade 3–4, grade 2–4 ERCC1 C118T, XRCC1 Arg399Gln, ERCC1 C809A, ERCC2 
Lys751Gln, 

 

Antineoplastic Drugs › Platinum 
Compounds 

Platinum (Oxaliplatin) NCI CTC grade 2-4 ERCC2 C156A, AGXT I340M  

Antineoplastic Drugs › Taxanes Taxanes (Paclitaxel) NCI CTC grade 3–4, grade 2–4, any 
grade 

CYP3A4*22  

Antineoplastic Drugs › Taxanes Taxanes (Paclitaxel) NCI CTC grade 3-4  CYP2C8*3   

Antineoplastic Drugs › Taxanes Taxanes (Paclitaxel) Neuropathy rs7349683 in EPHA5, rs4737264 in XKR4  

Antineoplastic Drugs › Platinum 
Compounds 

Platinum-Based Drugs  Myelosuppression, Thrombocytopenia, 
Granulocytopenia 

GSTP1 rs1695 (633) 

Antineoplastic Drugs › Platinum 
Compounds › Topoisomerase I Inhibitors 

Fluoropyrimidine and platinum-based triplet 
combinations 

Hand-Foot Syndrome DPYD 2846A4T (634) 

 Fluoropyrimidine and platinum-based triplet 
combinations 

Gastrointestinal Toxicity CYP3A4*22, ENOSF1 rs2612091  

Antineoplastic Drugs › Topoisomerase I 
Inhibitors & Antimetabolites & Platinum 
Compounds & Taxanes 

Chemotherapy 
(FOLFOX4/FOLFOX7/FOLFOX9/GEMOX/
TOMOX, 5-FU/CPT-11/LV, 
fluorouracil/cisplatin, taxane + cisplatin as 
first-line, oxaliplatin, irinotecan, and 

Overall toxicity, neurotoxicity, 
neutropenia, or gastrointestinal toxicity 

Null genotypes of GSTM1 and GSTT1 (635) 
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capecitabine, irinotecan/oxaliplatin-based 
treatment) 

Chemotherapy (5-FU Monotherapy or 
Combination Therapy) 

5-FU Monotherapy or Combination Therapy Severe toxicity (≥grade 2 or grades 3 and 
4) [stomatitis (3,4), diarrhoea (3,4), 
neutropenia (3,4), bone marrow (3.4),  
haematology (>2), gastroenterology (>2),  
arrhythmias (2), nausea (2)] 

DPYD variants. *5B/*5B, 1737T>C, 1*/*5B, *1/*5A,1525-1G>A, 
1525-9A>G, 1129-15T>C, *5B/*9A, 1896T>C, 496A>G, 1774C>T, 
1*/*1, 2194G>A, 85T>C, 464T>A, 1627A>G, 2194G>A, 496A>G, 
274T>A, 74A>G, 85T>C, 1627A>G, 812 del T, 1714C>G, 
1896T>C, 1627A>G, 967G>A, 1774C>T, 14+G>A, 1011A>T, 
1236G>A, 1896T>C 

(636) 

Antineoplastic Drugs › Topoisomerase I 
Inhibitors 

5-Fu Based Chemotherapy Severe Haematological Toxicity MTHFR polymorphism C677T  (637) 

 5-Fu Based Chemotherapy Serious Global Toxicity MTHFR polymorphism C677T  

Antineoplastic Drugs › Topoisomerase I 
Inhibitors 

5-FU Based Chemotherapy  Grade 3-4 ADRs MTHFR rs1801133 C>T CT+TT and CC groups, recessive model 
TT vs CT+CC 

(638) 

Antineoplastic Drugs › Topoisomerase I 
Inhibitors 

5-FU Chemotherapy Toxicities DPYD Genetic Polymorphisms (including IVS14+1G>A, 85T>C, 
464T>A, 2194G>A, 496A>G, 1896T>C, 1627A>G) 

(639) 

 5-FU Chemotherapy Marrow Suppression, Gastrointestinal 
Reaction 

 DPYD IVS14+1G>A, 464T>A, and 2194G>A polymorphisms  

Antineoplastic Drugs › Topoisomerase I 
Inhibitors 

Fluoropyrimidines Severe Toxicity 
 

DPYD c.1679T>G, DPYD*2A and c.2846A>T (640) 

 Fluoropyrimidines Severe Toxicity DPYD c.1601G>A  

 Fluoropyrimidines Gastrointestinal Toxicity, Haematological 
Toxicity 

DPYD c.1679T>G and DPYD c.1236G>A/HapB3  

Antineoplastic Drugs › Topoisomerase I 
Inhibitors 

Fluoropyrimidines Severe Toxicity Rs895819 in MIR27A (641) 

 Fluoropyrimidines Severe Toxicity rs11671784 and DPYD variants:  DPYD c.2846A>T, c.1679T>G, 
c.1129‐5923C>G and c.1601G>A 

 

Antineoplastic Drugs › Topoisomerase I 
Inhibitors 

Fluoropyrimidines  Toxicities ENOSF1 c.742-227G>A (rs2612091), TYMS 5’VNTR 28bp-repeat 
(rs45445694) and 3’UTR 6bp-indel (rs11280056)  

(642) 

 Fluoropyrimidines Severe HFS ENOSF1 c.742-227G>A and the TYMS 28bp-repeat  

Antineoplastic Drugs › Topoisomerase I 
Inhibitors 

Fluoropyrimidines Overall grade ≥3 toxicity, haematological 
toxicity, mucositis and diarrhoea 

DPYD IVS14+1G>A 
 

(643) 

 Fluoropyrimidines Overall grade ≥3 toxicity or grade ≥3 
diarrhoea 

DPYD 2846T allele   

Antineoplastic Drugs › Antimetabolites & 
Topoisomerase I Inhibitors 

Capecitabine, Tegafur or 5-FU (as 
monotherapies or in combination with other 
agents) 

ADEs TYMS 5′ UTR repeat polymorphism, (rs45445694)  (644) 

 Capecitabine, Tegafur or 5-FU (as 
monotherapies or in combination with other 
agents) 

ADEs MTHFR 677 C> T, (rs1801133)  

Chemotherapy Regimens Folfox4/Folfox7/Folfox9/Gemox/Tomox, 5-
Fu/Irinotecan/Oxaliplatin, 5-FU/Cisplatin/Fa 
Taxane + Cisplatin, (Oxaliplatin, Irinotecan 
and Capecitabine), (Docetaxel, Cisplatin, 
And T-Fluorouracil) 

Overall toxicity, neutropenia GSTP1 Ile105Val  (645) 

  Neurotoxicity GSTP1 Ile105Val  

Chemotherapy Regimens (Cyclophosphamide alone or as part of a 
combination chemotherapy regimen in 
combination with an anthracycline, 
platinum-based chemotherapy alone or as 

Acute Vomiting HTR3C C1214G (646) 
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part of a combination chemotherapy 
regimen, cytarabine) 

 (Cyclophosphamide alone or as part of a 
combination chemotherapy regimen in 
combination with an anthracycline, 
platinum-based chemotherapy alone or as 
part of a combination chemotherapy 
regimen, cytarabine) 

Nausea/Vomiting (CINV) ABCB1 C3435T   

Antineoplastic Drugs › Antimetabolites Capecitabine Monotherapy Global G3+ Toxicity TYMS5′VNTR2R (TYMS5′VNTR2R/3R 2-repeat allele), 
TYMS3′UTR6bp ins (TYMS3′UTR6bpins-del (6bp-insertion allele) 

(647) 

Antineoplastic Drugs › Antimetabolites Infusional FU Monotherapy Global G3+ Toxicity TYMS 5′VNTR2R   

Antineoplastic Drugs › Antimetabolites Bolus FU Monotherapy Global G3+ Toxicity TYMS3′UTR6bp ins  

Antineoplastic Drugs › Antimetabolites Bolus FU Monotherapy 
 

Neutropenia DPYD*2A exon skipping allele (A)  

Antineoplastic Drugs › Antimetabolites & 
Platinum Compounds & Topoisomerase 
I Inhibitors 

Fluorouracil combination therapy regimens 
(FOLFOX; CAPOX; FOLFIRI and 
fluorouracil [IFL or FLIRI] 

Global G3+ Toxicity TYMS 5'VNTR 2–repeat allele, TYMS 3'UTR 6bp–ins allele  

Antineoplastic Drugs › Antimetabolites Gemcitabine Severe Anaemia CDA A79C (AA and AC) (648) 

 Gemcitabine Severe Neutropenia AA versus the AC+CC, AA/AC genotypes with the CC  

 Gemcitabine Severe Thrombocytopenia AA genotype was compared to the AC/CC, AA/AC genotypes  

Antineoplastic Drugs › Antimetabolites Gemcitabine-Based Chemotherapy Grade ≥ 3 leukopenia, severe 
neutropenia 

CDA 79C (649) 

Antineoplastic Drugs › Anthracyclines Anthracyclines 
 

Cardiotoxicity NADPH oxidase polymorphisms: ABCC2_rs8187694, 
ABCC2_rs8187710, ABCC1_rs45511401, NCF4_rs1883112, 
RAC2_rs13058338, CYBA_rs4673 

(650) 

Antineoplastic Drugs › Anthracyclines Anthracyclines Cardiotoxicity ABCC2 rs8187710, CYBA rs4673, RAC2 rs13058338 (651) 

Antineoplastic Drugs › Anthracyclines & 
Taxanes 

Neoadjuvant chemotherapy (docetaxel, 
anthracycline-based regimen) 

Grade 2–4 Toxicity ABCB1 1236C>T, ABCB1 2677G>T/A, ABCB1 3435C>T (652) 

Antineoplastic Drugs › Vinca Alkaloids Vincristine Peripheral Neuropathies (VIPN) CEP72 rs924607‐TT, TTPA rs10504361 (653) 

Antineoplastic Drugs › Topoisomerase I 
Inhibitors 

Irinotecan-Based Chemotherapy Grade 3/4 Toxicity MTHFR (677 C>T and 1298 A>C)  (654) 

Antineoplastic Drugs › Topoisomerase I 
Inhibitors 

Irinotecan  Toxicity UGT1A1*6 (655) 

 Irinotecan Severe Toxicity UGT1A1*6, UGT1A1*28, UGT1A1*28, UGT1A1*6 and 
UGT1A1*28 

 

Antineoplastic Drugs › Topoisomerase I 
Inhibitors 

Irinotecan Neutropenia ABCC2 3972T>T (656) 

 Irinotecan Neutropenia ABCB1 2677G>T/G  

 Irinotecan Non-haemolytic ADEs (diarrhoea) ABCG2 34G>A  

 Irinotecan Haemolytic ADEs (Neutropenia and 
thrombocytopenia) 

ABCC2 -24T>T, ABCC2 1249G>A 
 

 

 Irinotecan Haemolytic ADEs (Neutropenia and 
thrombocytopenia) 

ABCC2 3972T>T  

 Irinotecan Non-haemolytic ADEs (diarrhoea) ABCC2 -24T>T, ABCC2 1249G>A  

 Irinotecan Non-Haemolytic ADEs (Diarrhoea)  ABCC2 3972T>T  

Antineoplastic Drugs › Topoisomerase I 
Inhibitors 

Irinotecan Neutropenia SLCO1B1 521T>C, SLCO1B1 -11187G>A (657) 

 Irinotecan Diarrhoea SLCO1B1 521T>C, SLCO1B1 -11187G>A  

 Irinotecan Neutropenia SLCO1B1 388G>G  

 Irinotecan Diarrhoea SLCO1B1 388A>G  
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*The list of variants associated with ADEs was annotated using the following font colour; Black colour for significantly increased risk of ADEs, Green colour represents significantly reduced risk 
of ADEs, and red colour denotes non-significant association with ADEs. For toxicities and adverse drug effects, the comma “,” was used when these adverse drug effect(s) were analysed and 
reported separately, and “or” was used when these were analysed and reported jointly in the study (i.e., patients who developed ADE1, ADE2 or ADE3 etc were combined in the analysis). This 
also applies to the culprit drugs and variants/genotypes. For variants and genotypes, the word “combined” was used when these variants occurred simultaneously in the same individual. 

Abbreviations 
Anthracycline-based chemotherapy: daunorubicin, doxorubicin, mitoxantrone. IFL: irinotecan [CPT-11, Camptosar] with bolus 5-FU plus leucovorin. FLIRI: 5-FU, folinic acid, irinotecan. CAPOX: 
capecitabine and oxaliplatin. FOLFOX: 5-fluorouracil, folinic acid and oxaliplatin. FOLFIRI: infusional 5-fluorouracil, leucovorin, and irinotecan. GEMOX: Gemcitabine/oxaliplatin. TOMOX: 
Raltitrexed plus oxaliplatin. CPT-11: Campto'l", irinotecan. LV: leucovorin. FU or 5-FU: Fluorouracil. NSAIDs: Nonsteroidal Anti-Inflammatory Drugs. ADEs: Adverse Drug Effects. HSR: 
hypersensitivity reaction. TEAE Treatment‐emergent adverse events. ADRs: Adverse Drug Reactions. INH: Isoniazid. RMP or RFP: Rifampicin. PZA: Pyrazinamide. EMB: Ethambutol. SM: 
Streptomycin. CADRS: Cutaneous Adverse Drug Reactions. DHS: Dapsone-Induced Hypersensitivity Syndrome. SJS: Stevens-Johnson Syndrome. TEN: Toxic Epidermal Necrolysis. DRESS: 
drug rash with eosinophilia and systemic symptoms. 6-MP: Mercaptopurine. AZA: Azathioprine. CBZ: Carbamazepine. PHT: Phenytoin. PB: Phenobarbital. SCAR: Severe Cutaneous Adverse 
Drug Reactions. DILI: Drug-induced liver injury. MPE: Maculopapular Eruption. HIV: human immunodeficiency virus. LoF: loss-of-function. BMI: Body Mass Index. EM: Extensive metaboliser. 
HEM: Heterozygous extensive metaboliser. IM: Intermediate metaboliser. PM: Poor metaboliser. UM: Ultrarapid metaboliser. 

Antineoplastic Drugs › Topoisomerase I 
Inhibitors 

Irinotecan 
 

Diarrhoea UGT1A1∗28/∗28, UGT1A1∗1/∗28 (658) 

 Irinotecan Severe Diarrhoea  UGT1A1∗28/∗28 versus UGT1A1∗1/∗1 or UGT1A1∗1/∗28  

 Irinotecan Severe Diarrhoea  UGT1A1∗1/∗28 versus UGT1A1∗1/∗1  

Antineoplastic Drugs › Topoisomerase I 
Inhibitors 

Irinotecan Severe Neutropenia UGT1A1*28/*28 vs UGT1A1*1/*1, UGT1A1*1/*28 vs UGT1A1*1/*1 (659) 

 Irinotecan Severe Diarrhoea UGT1A1*1/*28 vs UGT1A1*1/*1, UGT1A1*28/*28 vs 
UGT1A1*1/*28 or UGT1A1*1/*1 

 

Antineoplastic Drugs › Topoisomerase I 
Inhibitors 

Irinotecan  Neutropenia 
 

[UGT1A1*6 (*6/*6 vs. *1/*6 or *1/*1) (*6/*6 or *1/*6 vs. *1/*1)], 
[UGT1A1*6/*28 
(*6/*6 or *28/*28 or *6/*28 vs. *1/*6 or *1/*28 or *1/*1)] 

(660) 

Antineoplastic Drugs › Topoisomerase I 
Inhibitors 

Irinotecan Severe Toxicity UGT1A1*6 GA versus GG, UGT1A1*6 AA versus GG (661) 

Antineoplastic Drugs › Topoisomerase I 
Inhibitors 

Irinotecan  Haematological Toxicities (Grade III–IV)  UGT1A1*28/*28 (662) 

 Irinotecan Haematological Toxicities (Grade III–IV)  UGT1A1*28/*28 (at low irinotecan doses)  

Antineoplastic Drugs › Topoisomerase I 
Inhibitors 

Irinotecan Neutropenia UGT1A1*28 versus UGT1A1*1 (663) 

Antineoplastic Drugs › Topoisomerase I 
Inhibitors 

Irinotecan-Based Chemotherapy Diarrhoea and neutropenia UGT1A1*28 TA6/7 and TA7/7 genotypes (664) 

 Irinotecan-Based Chemotherapy Severe Diarrhoea UGT1A1*28   

 Irinotecan-Based Chemotherapy Severe Neutropenia UGT1A1*28   

Antineoplastic Drugs › Topoisomerase I 
Inhibitors 

Irinotecan  Neutropenia and diarrhoea, late-onset 
diarrhoea, Severe neutropenia 

UGT1A1*6 (665) 

 Irinotecan  Severe neutropenia, Severe late-onset 
diarrhoea, Diarrhoea 

UGT1A1*28  

Antineoplastic Drugs › Topoisomerase I 
Inhibitors 

Irinotecan  Neutropenia, Severe Neutropenia UGT1A1*6 (666) 

Antineoplastic Drugs › Topoisomerase I 
Inhibitors 

Irinotecan  Neutropenia UGT1A1*6 (667) 
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2.9 Appendix 

Table 2.6 Examples of the search filters tested to identify RCTs and meta-analyses. 

Resource of the Filter Tested URL 

Ovid built-in generic filters - 

Health Information Research Unit (HiRU) at McMaster University (668, 669) 

Cochrane sensitivity- and precision-maximising version (161) 

CADTH Search Filters (670) 

Table 2.7 The main clinical trial registries used to enquire about potential RCTs. 

Clinical trial registry URL link 

Clinical Trials https://clinicaltrials.gov/ct2/home 
 

International Clinical Trials Registry Platform (ICTRP) https://www.who.int/ictrp/en/ 
 

The ISRCTN registry http://www.isrctn.com/ 
 

The European Union Clinical Trials Register https://www.clinicaltrialsregister.eu/ctr-search/search 
 

Chinese Clinical Trial Registry http://www.chictr.org.cn/searchprojen.aspx 

The Institute of Cancer Research https://www.icr.ac.uk/ 

ICH GCP Clinical Trials Registry https://ichgcp.net/clinical-trials-registry/ 

University Hospital Medical Information Network 
Clinical Trials Registry (UMIN-CTR) 

https://www.umin.ac.jp/ctr/index.htm 

Table 2.8 The search filter used to identify RCTs of PGx of ADEs in Embase. 

1. crossover procedure.sh.  

2. double-blind procedure.sh.  

3. single-blind procedure.sh.  

4. (crossover$ or cross over$).tw.  

5. placebo$.tw.  

6. (doubl$ adj blind$).tw.  

7. allocat$.tw.  

8. trial.ti.  

9. randomized controlled trial.sh.  

10. random$.tw.  

11. 1 or 2 or 3 or 4 or 5 or 6 or 7 or 8 or 9 or 10  

12. exp animal/ or exp invertebrate/ or animal experiment/ or animal model/ or animal tissue/ or animal cell/ or 
nonhuman/  

13. human/ or normal human/  

14. 12 and 13  

15. 12 not 14  

16. 11 not 15  

17. exp pharmacogenetics/  

18. exp genetic polymorphism/  

19. genetic variability/  

20. (pharmacogenomic* or pharmacogenetic* or toxicogenetic* or polymorphism* or ''gen* varia*'' or mutation* or 
snp or genotype* or allele* or haplotype*).ab,ti.  

21. 17 or 18 or 19 or 20  

22. exp drug hypersensitivity/pc [Prevention]  

23. exp drug toxicity/pc [Prevention]  

24. ((adverse or undesirable or harms* or serious or toxic) adj3 (effect* or reaction* or event* or outcome*)).ab,ti.
  

25. ("adverse effect*" or "adverse reaction*" or "adverse drug reaction*" or "adverse event*" or "side effect*" or 
toxicit* or poisonin* or pharmacotox* or "drug hypersensitiv*" or "hypersensitiv* reaction*" or anaphyla* or ''drug 
induced*'' or "drug related" or "drug reaction*" or neurotoxic* or nephrotoxic* or hepatotoxic* or cardiotoxic* or 
immunotoxic* or immunocytotoxic* or cytotoxic* or myotoxic* or tolera* or intolera* or noxious or death* or 
fatal*).ab,ti.  

26. 22 or 23 or 24 or 25  

27. 16 and 21 and 26  

28. limit 27 to english language 

Table 2.9 The search filter used to identify RCTs of PGx of ADEs in Medline. 

1. randomized controlled trial.pt. 

2. controlled clinical trial.pt. 

3. randomized.ab. 

4. placebo.ab. 

5. clinical trials as topic.sh. 

https://clinicaltrials.gov/ct2/home
https://www.who.int/ictrp/en/
http://www.isrctn.com/
https://www.clinicaltrialsregister.eu/ctr-search/search
http://www.chictr.org.cn/searchprojen.aspx
https://www.icr.ac.uk/
https://ichgcp.net/clinical-trials-registry/
https://www.umin.ac.jp/ctr/index.htm
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6. randomly.ab. 

7. trial.ti. 

8. 1 or 2 or 3 or 4 or 5 or 6 or 7 

9. exp animals/ not humans.sh. 

10. 8 not 9 

11. exp Pharmacogenetics/ 

12. exp Polymorphism, Genetic/ 

13. exp Genetic Variation/ 

14. (pharmacogenomic* or pharmacogenetic* or toxicogenetic* or polymorphism* or ''gen* varia*'' or mutation* or 
snp or genotype* or allele* or haplotype*).ab,ti. 

15. 11 or 12 or 13 or 14 

16. exp Drug Toxicity/ge, pc [Genetics, Prevention & Control] 

17. exp Drug Hypersensitivity/ge, pc [Genetics, Prevention & Control] 

18. ((adverse or undesirable or harms* or serious or toxic) adj3 (effect* or reaction* or event* or outcome*)).ab,ti. 

19. ("adverse effect*" or "adverse reaction*" or "adverse drug reaction*" or "adverse event*" or "side effect*" or 
toxicit* or poisonin* or pharmacotox* or "drug hypersensitiv*" or "hypersensitiv* reaction*" or anaphyla* or ''drug 
induced*'' or "drug related" or "drug reaction*" or neurotoxic* or nephrotoxic* or hepatotoxic* or cardiotoxic* or 
immunotoxic* or immunocytotoxic* or cytotoxic* or myotoxic* or tolera* or intolera* or noxious or death* or 
fatal*).ab,ti. 

20. 16 or 17 or 18 or 19 

21. 10 and 15 and 20 

22. limit 21 to english language 

Table 2.10 The search filter used to identify RCTs of PGx of ADEs in Cochrane. 

#1 MeSH descriptor: [Pharmacogenetics] explode all trees 

#2 MeSH descriptor: [Polymorphism, Genetic] explode all trees 

#3 MeSH descriptor: [Genetic Variation] explode all trees 

#4 (pharmacogenomic* or pharmacogenetic* or toxicogenetic* or polymorphism* or ''gen* varia*'' 
or mutation* or snp or genotype* or allele* or haplotype*):ab,ti 

#5 #1 or #2 or #3 or #4 

#6 MeSH descriptor: [Drug-Related Side Effects and Adverse Reactions] explode all trees 

#7 MeSH descriptor: [Drug Hypersensitivity] explode all trees 

#8 ("adverse effect*" or "adverse reaction*" or "adverse drug reaction*" or "adverse event*" or "side 
effect*" or toxicit* or poisonin* or pharmacotox* or "drug hypersensitiv*" or "hypersensitiv* 
reaction*" or anaphyla* or ''drug induced*'' or "drug related" or "drug reaction*" or neurotoxic* 
or nephrotoxic* or hepatotoxic* or cardiotoxic* or immunotoxic* or immunocytotoxic* or 
cytotoxic* or myotoxic* or tolera* or intolera* or noxious or death* or fatal*):ab,ti 

#9 #6 or #7 or #8 

#10 #5 and #9 

Table 2.11 The search filter used to identify meta-analyses of PGx of ADEs in Embase. 

1. exp animal/ or exp invertebrate/ or animal experiment/ or animal model/ or animal tissue/ or animal cell/ or 
nonhuman/ 

2. human/ or normal human/ 

3. 1 and 2 

4. 1 not 3 

5. exp pharmacogenetics/ 

6. exp genetic polymorphism/ 

7. genetic variability/ 

8. (pharmacogenomic* or pharmacogenetic* or toxicogenetic* or polymorphism* or ''gen* varia*'' or mutation* or 
snp or genotype* or allele* or haplotype*).ab,ti. 

9. 5 or 6 or 7 or 8 

10. exp drug hypersensitivity/pc [Prevention] 

11. exp drug toxicity/pc [Prevention] 

12. ((adverse or undesirable or harms* or serious or toxic) adj3 (effect* or reaction* or event* or outcome*)).ab,ti. 

13. ("adverse effect*" or "adverse reaction*" or "adverse drug reaction*" or "adverse event*" or "side effect*" or 
toxicit* or poisonin* or pharmacotox* or "drug hypersensitiv*" or "hypersensitiv* reaction*" or anaphyla* or ''drug 
induced*'' or "drug related" or "drug reaction*" or neurotoxic* or nephrotoxic* or hepatotoxic* or cardiotoxic* or 
immunotoxic* or immunocytotoxic* or cytotoxic* or myotoxic* or tolera* or intolera* or noxious or death* or 
fatal*).ab,ti. 

14. 10 or 11 or 12 or 13 

15. meta-analysis as topic/ or Meta-Analysis.pt. or (meta-analy* or metaanaly*).ti,ab. 

16. 15 not 4 

17. 9 and 14 and 16 

18. limit 17 to english language 

19. limit 18 to dc=19740101-20200527 

Table 2.12 The search filter used for identification of meta-analyses of PGx of ADEs in Medline. 

1. exp animals/ not humans.sh. 

2. exp Pharmacogenetics/ 

3. exp Polymorphism, Genetic/ 
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4. exp Genetic Variation/ 

5. (pharmacogenomic* or pharmacogenetic* or toxicogenetic* or polymorphism* or ''gen* varia*'' or mutation* or 

snp or genotype* or allele* or haplotype*).ab,ti. 

6. 2 or 3 or 4 or 5 

7. exp Drug Toxicity/ge, pc [Genetics, Prevention & Control] 

8. exp Drug Hypersensitivity/ge, pc [Genetics, Prevention & Control] 

9. ((adverse or undesirable or harms* or serious or toxic) adj3 (effect* or reaction* or event* or outcome*)).ab,ti. 

10. ("adverse effect*" or "adverse reaction*" or "adverse drug reaction*" or "adverse event*" or "side effect*" or 

toxicit* or poisonin* or pharmacotox* or "drug hypersensitiv*" or "hypersensitiv* reaction*" or anaphyla* or ''drug 

induced*'' or "drug related" or "drug reaction*" or neurotoxic* or nephrotoxic* or hepatotoxic* or cardiotoxic* or 

immunotoxic* or immunocytotoxic* or cytotoxic* or myotoxic* or tolera* or intolera* or noxious or death* or 

fatal*).ab,ti. 

11. 7 or 8 or 9 or 10 

12. meta-analysis as topic/ or Meta-Analysis.pt. or (meta-analy* or metaanaly*).ti,ab. 

13. 12 not 1 

14. 6 and 11 and 13 

15. limit 14 to english language 

16. limit 15 to dt=19460101-20200527 [January 1st, 1946 to May 27th, 2020] 

Table 2.13 The search filter used to identify meta-analyses of PGx of ADEs in Cochrane. 

#1 MeSH descriptor: [Pharmacogenetics] explode all trees 

#2 MeSH descriptor: [Polymorphism, Genetic] explode all trees 

#3 MeSH descriptor: [Genetic Variation] explode all trees 

#4 (pharmacogenomic* or pharmacogenetic* or toxicogenetic* or polymorphism* or ''gen* varia*'' 
or mutation* or snp or genotype* or allele* or haplotype*):ab,ti 

#5 #1 or #2 or #3 or #4 

#6 MeSH descriptor: [Drug-Related Side Effects and Adverse Reactions] explode all trees 

#7 MeSH descriptor: [Drug Hypersensitivity] explode all trees 

#8 ("adverse effect*" or "adverse reaction*" or "adverse drug reaction*" or "adverse event*" or "side 
effect*" or toxicit* or poisonin* or pharmacotox* or "drug hypersensitiv*" or "hypersensitiv* 
reaction*" or anaphyla* or ''drug induced*'' or "drug related" or "drug reaction*" or neurotoxic* 
or nephrotoxic* or hepatotoxic* or cardiotoxic* or immunotoxic* or immunocytotoxic* or 
cytotoxic* or myotoxic* or tolera* or intolera* or noxious or death* or fatal*):ab,ti 

#9 #6 or #7 or #8 

#10 MeSH descriptor: [Meta-Analysis as Topic] explode all trees 

#11 MeSH descriptor: [Network Meta-Analysis] explode all trees 

#12 (meta-analy* or metaanaly*):ti,ab 

#13 {or #10-#12} 

#14 #5 and #9 and #13 

Table 2.14 The search strategy to identify meta-analyses of PGx of ADEs in Google Scholar. 

The following searches using scope qualifiers and sorted by relevance were executed. The top 1000 records 
were assessed. 

“Any time” "anywhere in the article": ‘’meta-analysis’’ AND [pharmacogenetic OR pharmacogenomic OR 
pharmacogenetics OR pharmacogenomics]  

 “Any time” "anywhere in the article": ‘’systematic review’’ AND [pharmacogenetic OR pharmacogenomic OR 
pharmacogenetics OR pharmacogenomics]  

“Since 2020” "anywhere in the article": ‘’meta-analysis’’ AND [pharmacogenetic OR pharmacogenomic OR 
pharmacogenetics OR pharmacogenomics]  

“Since 2020” "anywhere in the article": ‘’systematic review’’ AND [pharmacogenetic OR pharmacogenomic OR 
pharmacogenetics OR pharmacogenomics]  

Since 2011: intitle:pharmacogenetics AND intitle:("systematic review" | meta-analysis)  

Since 2008: intitle:pharmacogenomics AND intitle:("systematic review" | meta-analysis)  

“Any time”: intitle:pharmacogenetic(s) AND intitle:("umbrella review" | "overview of reviews" |"review of reviews" 
|"summary of systematic reviews" |"synthesis of reviews") 

“Any time” "anywhere in the article":pharmacogenetic(s) AND intitle:("umbrella review" | "overview of reviews" 
|"review of reviews" |"summary of systematic reviews" |"synthesis of reviews") 

“Any time”: intitle:pharmacogenomic(s) AND intitle:("umbrella review" | "overview of reviews" |"review of reviews" 
|"summary of systematic reviews" |"synthesis of reviews") 

“Any time” "anywhere in the article":pharmacogenomic(s) AND intitle:("umbrella review" | "overview of reviews" 
|"review of reviews" |"summary of systematic reviews" |"synthesis of reviews") 

Since 2016: polymorphism variant genotype drug toxicity serious severe adverse drug reactions systematic review 
meta-analysis  

Since 2016: allintitle: "pharmacogenetics" 

Since 2016: allintitle: "pharmacogenetic" 

Since 2016: allintitle: "pharmacogenomics"= 1,260 results (Top 1000 were selected) 

Since 2016: allintitle: "pharmacogenomic"= 634 results  

Table 2.15 Gene names used to re-interrogate the irrelevant records. 

Source Genes 

https://scholar.google.co.uk/scholar?as_ylo=2020&q=%22meta-analysis%22+pharmacogenetic+pharmacogenomic+pharmacogenetics+pharmacogenomics&hl=en&as_sdt=0,5
https://scholar.google.co.uk/scholar?as_ylo=2020&q=%22meta-analysis%22+pharmacogenetic+pharmacogenomic+pharmacogenetics+pharmacogenomics&hl=en&as_sdt=0,5
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Sentinel meta-analyses and systematic 
reviews 

Xpd, IL‐28B, GPIIIa, CFH, MRP2, WT1, BDNF, GNB3, OPRM1, 
ADRB1 2, PON1, TNF-α, GGCX, OCT1, FSHR, LHR, LHCGR 

Very Important Pharmacogenes 
associated with toxicity from PharmGKB 

NAT2, UMPS, PARD3B, TPMT, MTHFR, HLA, HLA-A, HLA-B, 
HLA-C, COMT, CES1, CES1P1, ABCB1, ABCC (1, 2, 3, 4, 5), 

ABCG2, ABCA1, TYMS, HTR2A, XPO1, NRP2, GRIN2B, CAPG, 
MDR1, GATM, ACE, CYP2D6, CYP2C8, CYP1A2, CYP2C9, 
CYP2C19, CYP3A4, CYP3A5, CYP19A1, CYP2E1, CYP2E1, 
CYP4F2, SLC6A4, SLC22A7, SLC31A1, SLCO1B1, SLC6A4, 

SLCO1B1, SLC19A1, UGT1, UGT1A1, GSTM1, GSTT1, GSTs, 
SHOX, ERCC1, DHFR, DPYD, HapB3, XRCC1, RFC1, DRD(1, 2, 

3), MnSOD, HTR2C, 5‐HTTLPR, STin2, VKORC1 

Genes potentially confer Adverse events, 
Drug Hypersensitivity and Severe 

cutaneous adverse reactions 

HLA-B, HLA-C, NOTCH4, HLA-DRB1, HLA-DQB1, CYCSP5, 
POU5F1, PSORS1C1, PSORS1C3, SLC22A1, HLA-A, COMT, 

ARRB2, CACNA1C, NR1I2, ERCC2, LST1, LTA, LTB, TNF, 
LGALS3, VEGFA, ITGAV, WWOX, FLT4 

https://www.pharmgkb.org/gene/PA18
https://www.pharmgkb.org/gene/PA363
https://www.pharmgkb.org/gene/PA162398721
https://www.pharmgkb.org/gene/PA356
https://www.pharmgkb.org/gene/PA245
https://www.pharmgkb.org/gene/PA35066
https://www.pharmgkb.org/gene/PA117
https://www.pharmgkb.org/gene/PA134906523
https://www.pharmgkb.org/gene/PA134906523
https://www.pharmgkb.org/gene/PA267
https://www.pharmgkb.org/gene/PA376
https://www.pharmgkb.org/gene/PA359
https://www.pharmgkb.org/gene/PA193
https://www.pharmgkb.org/gene/PA37418
https://www.pharmgkb.org/gene/PA31784
https://www.pharmgkb.org/gene/PA28980
https://www.pharmgkb.org/gene/PA26056
https://www.pharmgkb.org/gene/PA128
https://www.pharmgkb.org/gene/PA125
https://www.pharmgkb.org/gene/PA125
https://www.pharmgkb.org/gene/PA126
https://www.pharmgkb.org/gene/PA312
https://www.pharmgkb.org/gene/PA35848
https://www.pharmgkb.org/gene/PA118
https://www.pharmgkb.org/gene/PA35056
https://www.pharmgkb.org/gene/PA35056
https://www.pharmgkb.org/gene/PA31686
https://www.pharmgkb.org/gene/PA35072
https://www.pharmgkb.org/gene/PA35068
https://www.pharmgkb.org/gene/PA142672032
https://www.pharmgkb.org/gene/PA33545
https://www.pharmgkb.org/gene/PA33919
https://www.pharmgkb.org/gene/PA33921
https://www.pharmgkb.org/gene/PA329
https://www.pharmgkb.org/gene/PA35055
https://www.pharmgkb.org/gene/PA117
https://www.pharmgkb.org/gene/PA60
https://www.pharmgkb.org/gene/PA83
https://www.pharmgkb.org/gene/PA378
https://www.pharmgkb.org/gene/PA27848
https://www.pharmgkb.org/gene/PA37856
https://www.pharmgkb.org/gene/PA30474
https://www.pharmgkb.org/gene/PA30475
https://www.pharmgkb.org/gene/PA435
https://www.pharmgkb.org/gene/PA30340
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Table 2.16 Meta-analyses of variants associated with ADEs identified in RCTs. 

Drug(s) Genomic variant Toxicity outcomes Pooled effect estimate OR or RR (95% 

Conf. Interval) 

Studies 

(N) 

Ref. 

 

 

Clopidogrel 

CYP2C19 LOF Bleeding 1.1210 [0.8547; 1.4702], 0.4091 14  

 

 

 

 

(196, 197, 

206–213, 

198–205) 

CYP2C19 LOF Major bleeding 1.4204 [0.9765; 2.0660], 0.0664 5 

CYP2C19*17 Major bleeding 1.1410 [0.9283; 1.4024], 0.2102 4 

UM vs. PM/IM Major bleeding 0.9156 [0.6602; 1.2698], 0.5971 4 

PM/IM vs. EM Major bleeding 1.1746 [0.9710; 1.4208], 0.0974 4 

Clopidogrel in PCI patients CYP2C19 LOF Bleeding 0.9429 [0.7199; 1.2349], 0.6692 3 

Clopidogrel in non-PCI patients CYP2C19 LOF Bleeding 1.2083 [0.6513; 2.2419], 0.5485 3 

UM vs. PM/IM Major bleeding 0.7585 [0.4024; 1.4295], 0.3926 3 

Clopidogrel in ACS patients UM vs. PM/IM Major bleeding 1.0855 [0.8676; 1.3581], 0.4730 2 

Ticagrelor or Prasugrel vs. 

Clopidogrel 

CYP2C19 LOF Minor bleeding 1.1607 [0.5335; 2.5251], 0.7071 5 

CYP2C19 LOF Major bleeding 1.0254 [0.8269; 1.2715], 0.8192 3 

Ticagrelor or Prasugrel vs. 

Clopidogrel in ACS patients 

CYP2C19 LOF Clinically significant 

bleeding 

1.0119 [0.7942; 1.2893], 0.9236 3 

 

 

Methotrexate 

MTHFR 677 CC vs. 

CT+TT 

Hepatotoxicity 0.6417 [0.3545; 1.1615], 0.1428 2  

 

(214–218) MTHFR 677 TT vs. 

CT+CC 

Mucositis or 

gastrointestinal toxicity 

1.47 [1.02; 2.13], 0.0348 3 

Statins SLCO1B1 −521 CT 

vs. TT 

Myopathy 1.109 [0.913, 1.347], 0.299 
 

3 (219–221) 

Efavirenz CYP2B6 516 

GG+GT vs. TT 

CNS Adverse Effects 0.504 [0.268, 0.947], 0.033 2 (222, 223) 

 

 

Nevirapine 

 
HLA-DRB1*01 

 

Hepatotoxicity or 

Hypersensitivity 

1.912 [0.776, 4.710], 0.159. 2  

 

 

(231–233) MDR1 3435 C>T Hepatotoxicity 0.621 [0.289, 1.332], 0.221 2 

MDR1 2677 G>T Hepatotoxicity 0.715 [0.526, 0.972], 0.032 2 

CYP2B6 516 G>T Hepatotoxicity 1.049 [0.484, 2.275], 0.903 2 

CYP2B6 1459 C>T Hepatotoxicity 0.980 [0.543, 1.767], 0.946 2 

CDA and artemisinin-based 

combination therapy 

G6PD A− Severe anaemia 15 [10.27, 21.9], p<0.0001* 7 (224–230) 

*Statistically significant associations are in bold. 
Abbreviations: PCI= Percutaneous Coronary Intervention. ACS= Acute Coronary Syndrome. CNS= Central Nervous System. CDA= Chlorproguanil-Dapsone-Artesunate. CYP2C19 LoF 
polymorphisms= CYP2C19 2* or 3*.
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Figure 2.6 Association of CYP2C19 LOF polymorphisms and bleeding risk in clopidogrel-treated patients. 

Meta‐analysis of the risk ratios (RR) and 95% confidence intervals (CI) of 14 studies examined the association of CYP2C19 
LOF polymorphisms and bleeding risk in clopidogrel-treated patients. Individual and pooled risk ratios from studies were 
reported in the forest plot. Squares represent study-specific effect estimates and the size of the square reflects the study-
specific weight (i.e., the inverse of the variance). The diamond represents the summary effect estimate with a 95% 
confidence interval, and the horizontal lines indicate a 95% confidence interval. 

  

Figure 2.7 Publication bias for association of CYP2C19 LOF polymorphisms and bleeding risk in clopidogrel-treated 
patients. 

(A) Publication bias funnel plot (B) Metabias using Egger’s method for publication bias. Funnel plot asymmetry indicated 
that no small studies (with SE>0.6) reporting a negative association exist in the literature

 
  

A B 
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3 Chapter Three. Pharmacogenomic Variants of Medically 

Important Adverse Effects Related to High-Risk Medicines in 

General Practice Can Not Be Replicated in UK Biobank 

3.1 Abstract 

Background/Aim MIADEs represent a major concern leading to significant 

increases in both morbidity and mortality worldwide. While variants can modulate 

the risk for such MIADEs, this requires multiple steps of replication and validation 

at scale using real-world data. Thus, I sought to examine and determine the 

robustness of previously described associations between variants associated 

with MIADEs related to high-risk medicines in general practice (GP). 

Materials and methods In the UKBB participants, I examined associations 

between previously reported variants and MIADEs related to high-risk medicines 

in GP, using a statistical model including both the main effects and interaction 

terms. The variants were obtained from the clinical annotations in PharmGKB. 

The high-risk medicines were identified by mapping data on serious and fatal 

ADEs from the UK pharmacovigilance database, namely the Yellow Card system, 

onto GP prescription data in England.  

Results A total of 56 clinical annotations with either moderate or high levels of 

evidence for the risk of MIADEs were identified in PharmGKB. By mapping data 

on serious and fatal ADEs onto GP prescription data, I identified 78 high-risk 

medicines (i.e., medicines with a high toxicity profile). Having cross-examined the 

high-risk medicines and variants identified in PharmGKB, there were eight single 

nucleotide variants that have been previously reported to modulate the risk of 

MIADEs related to three high-risk therapeutic classes. No statistically significant 

genotype-treatment interactions were found for either baseline measurements or 

incident MIADEs in the UKBB.  

Conclusions This large study found that previously reported associations 

between PG variants and MIADEs related to high-risk medicines in GP including 

statins, NSAIDS and antipsychotics were not replicated in the UKBB. Hence, 

these variants are not accurate at identifying those who are at risk of developing 

MIADEs in patients receiving these treatments and therefore should not be 

considered for personalised recommendations in clinical practice. 
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3.2 Introduction 

3.2.1 Pharmacogenomics has the potential to predict ADEs and 

individualise treatment in primary care 

Using genomic data to determine whether a patient may develop ADEs in order 

to individualise treatment in primary care has been suggested. Endeavours to 

incorporate PGx data in GP have been progressing in the direction of 

implementation. The nature of long-term patient care provided for chronic 

conditions which often require multiple medicines and the necessitated long-term 

adherence to medication render in GP optimal for such wide-scale 

implementation. The prevalence of PG variants influencing response to 

medicines in the general population is considerably high and more than a third of 

patients seen in primary care carry one or more PG variants (671–674), each of 

which may modulate the effects of multiple medicines for several conditions. For 

example, an analysis of 14 pharmacogenes in the UKBB reported that over 99% 

of the participants have a predicted atypical response to at least one medicine 

(675). Another study of prescribing trends in primary care settings over 20 years 

reported that exposure to medicines with PG variants with dosing guidelines in 

PharmGKB was remarkably high, with over 80% of patients being exposed to at 

least one medicine (676). Nevertheless, the incorporation of such PG variants 

into the prescribing pipeline to support decision-making in primary care and 

translating that into clinically actionable advice has been challenging. The validity 

and clinical utility of PG variants remain the main obstacles and therefore further 

efforts need to be considerably devoted to replication research, particularly in 

independent large datasets. 

3.3 Aim 

I. In the UKBB, this study aims to determine the robustness of previously 

described associations between variants associated with MIADEs related 

to high-risk medicines in GP. 

3.4 Objectives 

II. To identify high-risk medicines or medicines with or high-toxicity profile in 

GP. 

III. To identify variants associated with MIADEs in PharmGKB 
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IV. To assess associations between previously reported variants and MIADEs 

related to high-risk medicines in GP. 

V. To generate quantitative comparative safety charts for medicines 

pertaining to the same therapeutic class. 

3.5 Materials and Methods 

3.5.1 Identification of high-risk medicines in general practice 

Data on serious and fatal ADE reports from the Yellow Card database was 

mapped onto GP prescription data in England during the period (Jan-2016 Jan-

2021). All fatal and serious ADE reports received in the UK by the MHRA were 

retrieved for all available medications from the Interactive Drug Analysis Profiles 

(iDAPs) in the MHRA’s Yellow Card database (45). As MHRA regularly checks 

for duplicate ADE reports at the data entry stage, de-duplication was not 

necessary prior to this analysis. GP prescribing data was extracted from the 

OpenPrescribing platform (677). This includes English prescriptions from General 

Practitioners (GPs) as well as non-medical prescribers connected to GPs which 

are dispensed everywhere in the United Kingdom. One prescription item 

represents the single supply of a particular medication prescribed which is 

dispensed in the United Kingdom. Medications listed in the MHRA’s Yellow Card 

database were linked to English prescribing data using the following approach: 

For medications with ADE reports submitted within the specified period, I 

calculated the number of reports regarding fatal and serious ADEs for those with 

available prescribing data for the period specified. If prescription data were 

available for a specific time frame where no ADE reports existed, I assumed that 

no ADE reports had been submitted during this period. Prescription data were 

assessed at the same time and the number of prescribed items for the longest 

period was computed. Medications with available ADE reports but lacking 

prescribing data for a particular time frame were not included. 

Medications were thereafter categorised according to therapeutic classes, 

sections and chapters as per the British National Formulary (BNF). Medications 

which belong to multiple categories were re-classified according to the frequency 

of their prescribing. Clinical judgment was applied for medications which could 

not be classified unequivocally based on the frequency of their prescribing. The 

extent of the analyses was then reduced by only including medications which are 

https://yellowcard.mhra.gov.uk/iDAP/
https://openprescribing.net/chemical/


91 
 

prescribed most frequently during the given time frame.  

Medications were analysed within their therapeutic categories and relative safety 

was thus determined. Safety profiles were analysed by the total number of fatal 

and serious ADE reports per 1,000,000 items dispensed. The comparative 

medication safety profiles were presented using forest plots. This allows any two 

medications within a particular therapeutic category to be directly compared by 

seeing whether their confidence intervals overlap, potentially facilitating informed 

and evidence-based prescribing decisions. 

In this analysis, I only included medicines that are licensed in the UK and initiated 

or continued in GP and excluded multiple constituent medicines and medicines 

administered via other inappropriate routes of administration. For example, ADE 

reports that are considered to have derived from the medication use via means 

not deemed suitable for GP (e.g., parenteral formulations) were excluded. In 

addition to this analysis, sensitivity analyses were performed to assess the 

robustness of the results and relative ranking of medicines by applying different 

exclusion and inclusion criteria. This comprised two distinct sensitivity analyses: 

i) aggregated analysis, and ii) analysis by inclusion. In the aggregated analysis, I 

included all single and multiple constituent medicines administered via all 

different routes of administration in both reporting and prescribing databases. In 

the analysis by inclusion, I included both prescriptions and ADE reports solely for 

medicines administered via means deemed suitable for GP (e.g., oral or SC 

formulations). This was crucial as the count of ADE reports available on iDAPs 

for a multiple constituent medication comprises the total number for both its 

combination and single formulations. 

Top-ranked medications (i.e., high-risk medicines) were thereafter identified. This 

was achieved by identifying the top-ranked medicine for which confidence 

intervals do not overlap with other medicines within each therapeutic class. If the 

confidence intervals for the top-ranked overlapped with other medicines within a 

therapeutic class, I selected the medicine with the narrowest confidence intervals. 

If the p-value of the Q-statistic for a therapeutic class was >0.05, no medicines 

were included from that class. Similarly, if confidence intervals for most medicines 

in a therapeutic class were overlapping, no medicines were included from that 

class. The notion of ‘high-risk medicines’ or ‘medicines with high toxicity profile’ 

was utilised as an alternative to top-ranked medicines. 
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As providing HCPs and patients with real-world data on drug safety is imperative 

to facilitate informed decision-making, comparative safety charts were produced 

for clinically meaningful medicines by excluding medicines with <220,000 items 

dispensed in the specified period. For this purpose, I also excluded medicines 

with substantially dissimilar mechanisms of action or administered via 

fundamentally dissimilar routes to the other related medicines and those 

prescribed for indications substantially different to other related medicines within 

the therapeutic class. Combination medicines, highly specialised as well as 

pharmacies and supermarkets medicines were excluded. 

3.5.2 Systematic identification of variants associated with MIADEs in 

PharmGKB 

To create a list of variants associated with the risk of MIADEs to be interrogated 

in the UKBB, I systematically searched for PG variants associated with the risk 

of ADEs or toxicities mapped by PharmGKB up to 22nd July 2020. Criteria for the 

definition of MIADEs are detailed in 2.5.2.2. Only clinical annotations and 

phenotypes related to ADEs or toxicities with moderate or high-level evidence by 

PharmGKB (1A, 1B, 2A and 2B) were considered (Appendix 

Table 3.5 [Appendix]). This includes variants annotated in medical society-

endorsed PGx guidelines including Construction Project Information Committee 

(CPIC), variants implemented by the Pharmacogenomics Research Network 

(PGRN), used in multiple clinics or replicated in more than a single cohort with a 

strong effect size and significant p-values. Annotations based on a non-significant 

study or single case report or a single significant association but not further 

replicated were excluded. Annotations from functional, molecular or in vitro 

assays were also excluded. Further exclusions include clinical annotations of 

adverse events due to the ineffectiveness of treatment and annotations related 

to Cmax and AUC, response, resistance, dose requirement, metabolism and 

bioavailability. Since the purpose of my analyses was to quantify the risk in the 

UK population, medicines which do not longer exist on the market or are not listed 

in either BNF or electronic medicines compendium (emc) were removed. I only 

included medicines administered orally or parenterally, and therefore medicines 

predominantly used via ophthalmic and dermatological routes were excluded. 

Further, I excluded annotations related to cancer chemotherapy agents and 

anaesthetic medications unless their indications overlapped with other 
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therapeutic classes. The pertinent literature related to the eligible clinical 

annotations and phenotypes was further scrutinised by screening the abstracts, 

reviewing the methods when necessary and applying the inclusion and exclusion 

criteria. 

The generated list of variants was subsequently curated for possible future use 

by interpreting the haplotypes and star alleles into more specific genotypes when 

possible and reporting the ICD-10 diagnostic codes used in healthcare records 

data in most biobanks (Please see 2.5.2.2 for more details). Further, I curated 

and constructed a set of variant-drug pairs associated with MIADEs. 

3.5.3 UK Biobank analyses 

3.5.3.1 Description of the study population 

Briefly, the UKBB is a population-based cohort with over 500,000 community-

based participants who visited one of the assessment centres located in England, 

Scotland or Wales between 2006-2010 (136). In addition to the wide-ranging 

health-related information and clinical examinations recorded at baseline 

assessment, blood samples were collected for genomic and biomarker analyses. 

Participants are continuously followed up and their health records data is 

periodically updated including self-reported questionnaires or survey information 

with updated Hospital Episode Statistics (HES) and linkage to both death and 

cancer registries (136). To minimise confounding and control for population 

stratification or substructure that usually occurs in genetic association studies 

when groups of distinct ethnicities are analysed together, I restricted my analyses 

to 389,805 unrelated individuals with genetically determined European Ancestry 

(~80% of UKBB participants with genotype data) and incorporated principal 

components of ancestry in my analyses (678, 679). 

Patients who self-reported at the baseline assessment receiving treatments of 

interest were included. Key characteristics of study participants (e.g., age, BMI) 

were described. I consulted with the BNF (47), emc (680) and DrugBank 

database (681) to identify all brand names of single or multiple constituent 

formulations that contain the medicine of interest. In the UKBB, 

treatment/medication Field ID 20003 and medication codes used are listed in 

(Table 3.6 [Appendix]). 
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3.5.3.2 Ascertainment of biomarkers, adverse drug effects and other 

phenotypes 

Both baseline measurements and data from follow-up visits and updated HES 

were utilised. To create variables for incident phenotypic endpoints of interest 

(i.e. MIADEs), self-reported and International Classification of Diseases 9th and 

10th revision codes (ICD-9, ICD-10)  were used (Table 3.7 [Appendix]). The self-

reported questionnaire codes ICD-9, and ICD-10 codes with Data Field IDs used 

in this study are itemised in (Table 3.8 [Appendix]). HES data was available up to 

fourteen years follow-up from the baseline assessment (data from England and 

Scotland up to 2020, data from Wales up to 2018). 

3.5.3.3 Variants selection and genotyping 

Having identified the high-risk medicines in GP and variants conferring a risk of 

MIADEs as per PharmGKB, I cross-examined these to identify variants conferring 

a risk of MIADEs and related to the high-risk medicines in GP to be interrogated 

in the UKBB. When an annotation in PharmGKB was related to a whole 

therapeutic class, all medicines that fall under that class were included in the 

UKBB analyses. 

I used microarray data generated in the UKBB in two platforms; the Affymetrix 

Axiom UK Biobank array for approximately 438,000 participants and the UK 

BiLEVE array for around 50,000 (682). The genotyping dataset underwent 

stringent quality control (683) and the variants I extracted from the imputed data 

(682) were all imputed with high confidence >99.7%. 

3.5.4 Methods of statistical analysis 

3.5.4.1 Statistical analyses of comparative safety data 

The extracted data from both pharmacovigilance and prescribing databases was 

loaded onto a Microsoft Office Professional Plus Excel® 2016 (185). Statistical 

analyses were conducted using the ‘meta’ package in software R (v4.1.1) (684). 

Since the outcomes of interest are rate data that follow a Poisson distribution, a 

model of random intercept Poisson regression was fitted (685). To perform 

analyses of the rates of fatal and serious ADE reports per item dispensed, I used 

the function metarate with the generalised linear mixed-effects model argument 

"GLMM“, as described previously (686). For the GLMM, I utilised the maximum-
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likelihood estimator (687) to compute the between-medications variance τ^2. 

Heterogeneity among the medications studied was calculated utilising 

the I2 statistic (191), which denotes the percentage of variance among the 

medications within a therapeutic category that is here explained by the between-

medication heterogeneity (based on Q) (186). Forest plots were created using 

the ‘meta’ package in software R (v4.1.1) to provide visual tools for all the 

medications analysed. Both τ^2 and I2, as well as the p-value for the Q-statistic, 

were reported in the forest plots. 

3.5.4.2 Statistical analyses of UK Biobank data 

In an attempt at replication, regression analyses were performed to test the 

associations between variants and MIADEs as per how they were annotated in 

PharmGKB or stated by the initial papers. Thus, I fitted a main effects model for 

the risk of MIADEs (i.e., comparing the risk of MIADEs for those with a specific 

genotype to that for those without) into the multivariate regression models. 

In addition, I conducted the statistical analyses by fitting interaction terms into the 

multivariate regression models to test the interaction between treatment and 

genotypes (i.e., whether the variant modifies the association of treatment with the 

risk of developing MIADEs). Dissimilar to the linear and additive effects of variant 

on the risk of developing MIADEs in the main effects regression modelling of the 

total population, treatment-specific regression modelling tests for interaction 

between treatment and genotype by adding the interaction variable to the model 

(treatment multiplied by variant), indicating a non-additive effect. Interaction 

effects, which represent a multiplicative or synergistic effect, actually exist when 

a third variable (e.g., genotype) modifies the relationship between an 

independent or predictor variable (e.g., treatment) and a dependent variable 

(e.g., toxicity outcome). A statistically significant interaction effects test indicates 

an interactive relationship between independent and dependent variables that 

change depending on the value of a third variable (i.e., the relationship between 

the treatment and the development of toxicity depending on the genomic variant). 

Failure to include the interaction effects in the model and making decisions based 

solely on the outcome of the main effects may result in erroneous conclusions. In 

instances where interactions were not possible, a main effects model for the risk 

of MIADEs was used instead. 
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Variants were analysed for dominant, recessive or additive statistical genetic 

models according to PharmGKB annotations or as stated in the initial studies. In 

addition to adjusting for potential confounders in the multivariable regression 

models, all statistical analyses were adjusted for assessment locations and the 

first five genetic principal components of ancestry to control for population 

stratification and minimise bias (679). 

Since I tested multiple variants and phenotypes and to minimise the probability 

of obtaining false positives (688), I corrected for multiple testing by applying the 

Bonferroni correction to limit Type I error rates (115). The formula used for the 

corrected critical value is explained in 2.5.6. 

For the continuous baseline measurements of interest, outcomes were 

dichotomised. Weight gain was considered severe if BMI >= 41.66 (defined as 3 

standard deviations over the average BMI of unrelated Europeans in the UKBB). 

As per the British Heart Foundation and HEART UK experts (689, 690), 

hypertriglyceridemia was defined as having non-fasting triglycerides higher than 

2.3 mmol/L. This dichotomisation provides easily interpretable summary statistics 

and makes findings useful for HCPs. Logistic regression models were used to 

test associations between variants and binary outcomes using the logistic 

command. I further conducted secondary analyses by examining individual 

medicines or relaxing the definition of some of the toxicity phenotypes analysed. 

The analyses were two-tailed, and STATA (version 16.0) was utilised for data 

management and performing the statistical analyses. 

3.5.5 Ethical approval 

Both the GP prescribing as well as the Yellow Card databases contain 

anonymised and non-identifiable datasets, ethical approval was not required. 

Access to the UKBB data was approved under Application Numbers (49847 and 

9072). All study participants were given written informed consent to enrol; the 

UKBB is approved by the UKBB Research Ethics Committee.  
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3.6 Results 

3.6.1 The comparative safety analyses identified 78 high-risk medicines 

There were 2,331 medicinal products on the iDAPs platform, and 2,317 chemicals 

on the OpenPrescribing database. Having linked the data on serious and fatal 

ADEs from the Yellow Card database onto GP prescription data in England, there 

existed 2,317 medications pertaining to 406 therapeutic categories. Having 

applied further exclusion criteria, there remained 365 medications pertaining to 

71 therapeutic classes in the final analysis dataset. 

Based upon the p-value for Q-statistic and I2 statistic, the quantitative 

comparative safety analyses showed significant differences within most 

therapeutic classes with respect to the rate of fatal and serious ADE reports per 

dispensed unit (Figure 3.5 [Appendix]). The sensitivity analyses showed that the 

overall relative rankings of medicines within therapeutic classes in the 

aggregated analysis and analyses by exclusion and inclusions were largely 

consistent.  

Having exhaustively examined the quantitative comparative safety analyses for 

71 therapeutic classes (as detailed above in 3.5.1), I identified 78 high-risk 

medicines (Figure 3.1). 

This study also generated comparative safety charts for clinically meaningful 

medicines belonging to 26 therapeutic categories (Figure 3.6 [Appendix]). The 

linkage for clinically meaningful medicines also revealed significant differences 

with respect to the rate of fatal and serious ADE reports per million items 

dispensed among medications belonging to 23 classes out of the 26 therapeutic 

categories studied. There were only three therapeutic classes that demonstrated 

no significant differences among the medications examined, namely: 1) 

potassium-sparing diuretics and aldosterone antagonists, 2) angiotensin-

converting-enzyme inhibitors, and 3) medications used for erectile dysfunction. 

The comparative safety charts for the clinically meaningful medicines are shown 

in (Figure 3.7 [Appendix]). 
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Figure 3.1 The process of mapping data on adverse drug effects onto general practice prescription data. 

A flowchart demonstrates the method utilised to identify high-risk medicines. Data on serious and fatal ADEs 
from the Yellow Card database was linked to GP prescription data in England. Exclusion criteria were further 
applied to identify top-ranked medicines (i.e., high-risk medicines). 

 

3.6.2 I identified 56 clinical annotations related to MIADEs in PharmGKB 

Of 11,951 phenotypes in PharmGKB, there were 3,057 records of significant 

associations related to ADEs or toxicity. However, almost all of these were 

supported by a single publication with a low level of evidence, so they were 

removed. Of 4,564 clinical annotations, a total of 183 records related to 

ADRs/toxicity for 106 drugs or therapeutic classes with either moderate or high-

level evidence were identified. Having further excluded annotations for cancer 

chemotherapy agents and anaesthetic medications (n=81), this resulted in a total 

of 102 clinical annotations for the risk of developing ADEs. Further curation based 

on the contribution of variants to seriousness, severity or medical importance 

criteria (i.e., MIADEs) yielded 56 clinical annotations related to the risk of 

developing MIADEs (Figure 3.2). I further constructed a set of variant-drug pairs 

associated with MIADEs by PharmGKB (Table 3.1). The full list of variant-drug 

pairs associated with MIADEs with fully specified genotypes and ICD-10 codes 

is catalogued in (supplementary Excel file S3). 
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Figure 3.2 A flowchart illustrates the identification procedure of variant-drug pairs for MIADEs in PharmGKB. 

Table 3.1 The set of variant-drug pairs associated with MIADEs in PharmGKB. 

Treatment or Drug(s) Variant 

Abacavir HLA-B*57:01:01 

Nevirapine rs1045642, rs28399499, HLA-B *35:05:01, HLA-B*35:01:01:01, HLA-

DRB1*01:01:01, HLA-C*04:01:01:01 

Atazanavir rs887829 

Ritonavir-boosted Atazanavir UGT1A1*1, UGT1A1*28 

Efavirenz rs3745274 

Peginterferon alfa-2b; Ribavirin rs7270101, rs1127354 

Antituberculosis agents1 rs1799930, rs1041983 

Antituberculosis agents; Isoniazid NAT2*12, NAT2*13, NAT2*14, NAT2*4, NAT2*5, NAT2*6, NAT2*7 

CDA rs1050828 

Dapsone HLA-B*13:01:01 

Aminoglycoside Antibacterials2 rs267606617, rs267606619, rs267606618 

Antipsychotics rs6977820 

Antipsychotics3 rs1800497 

Antipsychotics4 rs489693 

Atomoxetine CYP2D6*1, CYP2D6*10, CYP2D6*2, CYP2D6*3, CYP2D6*4, 

CYP2D6*5 

Nortriptyline CYP2D6*1, CYP2D6*10, CYP2D6*1xN, CYP2D6*2, CYP2D6*2xN, 

CYP2D6*3, CYP2D6*4, CYP2D6*5, CYP2D6*6 

Citalopram CYP2C19*1, CYP2C19*17, CYP2C19*2, CYP2C19*3, CYP2C19*4 

Carbamazepine HLA-B*15:11:01, HLA-B*15:02:01, HLA-A*31:01:02 

Oxcarbazepine HLA-B*15:02:01 

Phenytoin HLA-B*15:02:01, CYP2C9*1, CYP2C9*2, CYP2C9*3 

NSAIDs5 rs1057910 

Aspirin rs730012 

Codeine CYP2D6*1, CYP2D6*10, CYP2D6*17, CYP2D6*1xN, CYP2D6*2, 

CYP2D6*2xN, CYP2D6*3, CYP2D6*4, CYP2D6*40, CYP2D6*41, 

CYP2D6*5, CYP2D6*6 
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Statins6 rs1346268, rs1719247, rs4149056 

Statins7 rs4693075 

Acenocoumarol, Phenprocoumon, 

Warfarin 

rs9923231 

Acenocoumarol, Warfarin rs1799853 [T], rs1057910 [C] 

Warfarin VKORC1 (−1639G>A) rs992323, CYP2C9*1, CYP2C9*11, CYP2C9*2, 

CYP2C9*3, CYP2C9*5, CYP2C9*6 

Clopidogrel rs12248560 

Azathioprine ITPA rs7270101 

Azathioprine, Mercaptopurine rs116855232, NUDT15 *1/*2, *1/*3, *1/*4,*1/*6,*3/*3 

Mercaptopurine NUDT15*1, NUDT15*2, NUDT15*3, NUDT15*4, NUDT15*5, 

NUDT15*6 

Azathioprine, Mercaptopurine, Purine 

Analogues, Thioguanine 

TPMT*2,*3A,*3B,*3C 

Methotrexate rs1045642, rs1801133 

Carbimazole, Methimazole, 

Propylthiouracil 

HLA-B*38:02:01 

Hormonal contraceptives for systemic use rs6025 

Allopurinol HLA-A*33:03, HLA-B*58:01, HLA-C*03:02 

Abbreviations 
CDA: Chlorproguanil-dapsone-artesunate, NSAIDs: Non-steroidal anti-inflammatory drugs 
Antituberculosis agents1: Ethambutol, Isoniazid, Pyrazinamide, Rifampin 
Aminoglycoside Antibacterials2: Amikacin, Gentamicin, Kanamycin, Neomycin, Streptomycin, Tobramycin 
Antipsychotics3: Clozapine, Olanzapine, Risperidone 
Antipsychotics4: Amisulpride, Aripiprazole, Clozapine, Haloperidol, Olanzapine, Paliperidone, Quetiapine, Risperidone, 
Ziprasidone 
NSAIDs5: Celecoxib, Diclofenac 
Statins6: hmg coa reductase inhibitors including Simvastatin. 
Statins7: hmg coa reductase inhibitors including Atorvastatin, rosuvastatin. 

 

3.6.3 Cross-examination of high-risk medicines and clinical annotations 

yielded three therapeutic classes 

Having identified 78 high-risk medicines in GP and 56 clinical annotations related 

to the risk of MIADEs as per PharmGKB, I cross-examined these to identify 

variants conferring a risk of MIADEs and related to the high-risk medicines in GP 

to be interrogated in the UKBB. This yielded seven high-risk medicines with 

clinical annotations related to the risk of MIADEs. These annotations were 

pertinent to three therapeutic classes including all medicines classified 

underneath, namely statins, non-steroidal anti-inflammatory drugs (NSAIDs) and 

antipsychotics. A cohort flowchart of the UKBB participants with sufficient 

genomic and treatment data eligible for inclusion, in the final analysis, is 

demonstrated in (Figure 3.3). The summary statistics for the key characteristics 

of the UKBB are shown in (Table 3.2). Details on the included variants and their 

prevalence in the UKBB are summarised in (Table 3.3). 
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Figure 3.3 UK Biobank participants with European genetic ancestry eligible for the analysis. 

A cohort flowchart of the UKBB participants with sufficient genomic and treatment data eligible for inclusion 
in the final analysis. 

Table 3.2 Key characteristics and summary statistics for the UKBB participants included in the analysis. 

Main characteristics & Toxicity 

measures 

Statins (n=62,608) Rest of UKBB Participants 

(n=439,928) 

Age (years) Mean (SD) 62 (6) 56.3 (8) 

BMI (kg/m2) Mean (SD) 29.4 (5) 27 (4.6) 

Myopathy, Rhabdomyolysis, 

Muscular Diseases (n) 

(n=408) (n=1819) 

Main characteristics & Toxicity 

measures 

Anti-psychotics [Group 

1] (n=1,125) 

Rest of UKBB Participants 

(n=501,411) 

Age (years) Mean (SD) 54.6 (8) 57.2 (8) 

BMI (kg/m2) Mean (SD) 29.6 (6.1) 27.4 (4.8) 

Hypertriglyceridemia (High vs. low) 

(n) 

(n=478) (n=209,966) 

Severe weight gain [>= 41.66] (n) (n=57) (n=118,826) 

Main characteristics & Toxicity 

measures 

Anti-psychotics [Group 

2] (n=1,663) 

Rest of UKBB Participants 

(n=500,873) 

Age (years) Mean (SD) 55.7 (8) 57.2 (8) 

BMI (kg/m2) Mean (SD) 29.4 (6) 27.4 (4.8) 

Hyperprolactinemia (n) (n=6) (n=35) 

Tardive dyskinesia (n) (n=2) (n=24) 

Severe weight gain [>= 41.66] (n) (n=78) (n=118,805) 

Main characteristics & Toxicity 

measures 

NSAIDs (n=61,791) Rest of UKBB Participants 

(n=440,745) 

Age (years) Mean (SD) 55.9 (8.1) 57.5 (8) 

BMI (kg/m2) Mean (SD) 28.1 (5.1) 27.2 (4.7) 

Gastrointestinal bleeding (n) (n=2,398) (n=16,672) 

Table 3.3 The genomic variants included in the analysis and their prevalence in the UK Biobank. 

Gene Variant ID Directly 
genotyped 
or Imputed 

Imputation 
Score R2* 

Chromosome 
number 

Position Allele 1 Allele 
2 

Minor 
Allele 
UKBB 

MAF UKBB 
(Unrelated 
Europeans) 

NAT2 rs1041983 Imputed 0.999 chr8 18257795 C T T 0.33 

NAT2 rs1799930 Genotyped N/A chr8 18258103 G A A 0.30 

DPP6 rs6977820 Genotyped N/A chr7 154072020 T C T 0.28 

COQ2 rs4693075 Genotyped N/A chr4 84192168 G C G 0.38 
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*R2 is the squared correlation between input genotypes and imputed dosages (i.e., true and inferred genotypes). 

 

3.6.4 No statistically significant genotype-treatment interactions were 

found 

The analysis in the UKBB included eight variants; Four variants were reported to 

be associated with statin-related myopathy, one variant was reported to increase 

the risk of NSAIDs-induced acute gastrointestinal bleeding and three variants 

were reported to modulate the risk of antipsychotics-related tardive dyskinesia, 

hyperprolactinaemia, hypertriglyceridaemia or severe weight gain (Figure 3.4). 

In the primary analysis, participants taking antipsychotic medications who carry 

MC4R rs489693 (in the recessive mode of inheritance AA) were more likely to 

develop severe weight gain in the main effects model [OR=1.23 (1.14, 1.33), 

p=8.32 E-08]. This was an attempt at replication of these genetic associations as 

per how they were annotated in the PharmGKB or stated by the initial papers. 

Yet, this variant was not statistically significant in the interaction terms model. 

Similarly, no statistically significant interactions between treatment and mutation 

status for the risk of MIADEs for the other variants analysed were found (i.e., the 

confidence intervals for the point estimates for each genotype group in those 

receiving treatment overlapped substantially). The corrected critical p-value for 

the primary analyses was 0.05/28= 1.79E-03 (Table 3.4). 

In the secondary analyses, I excluded Ibuprofen from NSAIDS, and further 

analysed individual statins and in men and women separately to determine if and 

how the effect is related to individual statins and sex. I also relaxed some of the 

definitions of some toxicity phenotypes by investigating extremely high 

triglycerides levels (>=5.6) for antipsychotics-related hypertriglyceridemia and 

incorporating chronic ulcers with haemorrhage and/or perforation in NSAIDs-

related acute gastrointestinal bleeding. Still, no statistically significant 

associations between the SNVs analysed and MIADEs were found either in the 

main effects or interaction terms models. The corrected critical p-value for the 

secondary analyses was 0.05/130= 3.85E-04. 

MC4R rs489693 Genotyped N/A chr18 57882787 C A A 0.33 

GATM rs1346268 Imputed 1 chr15 45673029 T C C 0.26 

GATM rs1719247 Imputed 0.995 chr15 45620985 C T T 0.26 

SLCO1B1 rs4149056 Genotyped N/A chr12 21331549 T C C 0.15 

ANKK1 rs1800497 Genotyped N/A chr11 113270828 G A A 0.21 

CYP2C9 rs1057910 Genotyped N/A chr10 96741053 A C C 0.06 
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The results of the primary and secondary analyses including both the main effects 

and interaction terms statistical models are presented in (Table 3.9 [Appendix]). 

 

Figure 3.4 The UK Biobank analyses. 

This figure demonstrates the analysis performed in UKBB. This included eight variants; four were reported 
to be associated with statin-related myopathy, one variant was reported to increase the risk of NSAIDs-
induced acute gastrointestinal bleeding and three were reported to modulate the risk of antipsychotics-
related tardive dyskinesia, hyperprolactinaemia, hypertriglyceridaemia or severe weight gain.
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Table 3.4 The main results and the change in the Level of Evidence in PharmGKB 

Treatment(s) Adverse Drug Effect Variant Genetic model 

UKBB Study Level of Evidence in PharmGKB 

OR (low 95%, high 95%), p-value 

[Interaction terms] * 

[2020] [2022] 

Statins 

 

 

 

Myopathy, Muscular 

Diseases 

 

 

 

rs1719247 [C] [Recessive CC vs. CT or TT] 1.12 (0.89, 1.40), 3.38E-01 2B Level 3 

rs4149056 [C] [Dominant: CC+CT vs. TT] 1.03 (0.80, 1.32), 8.31E-01 1A, 2A 1A, 2A 

rs1346268 [T] 

 

[Recessive TT vs. CC or CT] 1.14 (0.91, 1.43), 2.57E-01 2B Level 3 

[Dominant CT+TT vs. CC] 0.92 (0.60, 1.41), 6.91E-01 2B Level 3 

rs4693075 [G] 

[Dominant GG or CG vs. 

CC] 1.02 (0.81, 1.28), 8.90E-01 

2B Level 3 

Anti-

psychotics 

[Group 1] 

 
 

Hypertriglyceridemia 
 

rs489693 [A] 
 

[Recessive AA vs. AC or 

CC] 1.17 (0.78, 1.77), 4.52E-01 

2B Level 3 

Severe weight gain 

 

rs489693 [A] 

[Recessive AA vs. AC or 

CC] 1.59 (0.78, 3.26), 2.03E-01 

2B Level 3 

rs1800497 [A] [Dominant AA+AG vs. GG] 1.12 (0.65, 1.93), 6.92E-01 2B Level 3 

Anti-

psychotics 

[Group 2] 

 

 

Hyperprolactinemia rs1800497 [A] [Dominant AA+AG vs. GG] 9.04 (0.91, 89.96), 6.03E-02 2B Level 3 

Severe weight gain 

 

rs489693 [A] 

[Recessive AA vs. AC or 

CC] 1.53 (0.82, 2.86), 1.79E-01 

2B Level 3 

rs1800497 [A] [Dominant AA+AG vs. GG] 1.12 (0.70, 1.78), 6.45E-01 2B Level 3 

Tardive dyskinesia 

 

rs1800497 [G] [Additive G] 

0.61 (0.29, 1.27), 1.85E-01 [Main 

effects] 

2B Level 3 

rs6977820 [T] [Dominant CT+TT vs. CC] 

1.01 (0.39, 2.62), 9.83E-01 [Main 

effects] 

2B Level 3 

NSAIDs 

Acute gastrointestinal 

bleeding rs1057910 [C] [Additive C] 0.99 (0.87, 1.13), 9.06E-01 

2A Level 3 

 

* Interaction terms model unless annotated otherwise (e.g., main effects) 
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3.7 Discussion 

3.7.1 No statistically significant genotype-treatment interactions were 

observed 

Primary care and GP settings with their readily well-developed infrastructure are 

optimally placed to implement PG testing. Genomic variants relevant to primary 

care patients conferring a risk of occurrence of ADEs have been previously 

described and many were optimistic about their role in optimising prescribing to 

help improve safety (691, 692). This large investigation aimed to replicate 

previously described associations between variants with moderate or high levels 

of evidence associated with MIADEs related to high-risk medicines in GP.  

However, I observed no statistically significant genotype-treatment interactions in 

the UKBB, either in the primary or secondary analyses.  

Findings from this study showed that none of the variants analysed should be 

incorporated in clinical decision support systems in primary care contexts, 

corroborating the lack of consensus regarding whether PGx should be 

implemented within primary care settings (693–696). The differences between 

my results and findings from initial studies were noticeable and much larger than 

can be explained by random variation or residual stratification. If these 

associations were robust, they are expected to hold when examined in a subtly 

dissimilar population for slightly different phenotype definitions. 

While I identified the variants associated with a risk of ADEs mapped by 

PharmGKB up to 22nd July 2020, a change in the level of evidence assigned to 

these variants was made later by PharmGKB. With the exception of the 

association between SLCO1B1 rs4149056 and statins-related muscular toxicity, 

my findings are entirely consistent with the low level of evidence (Level 3) 

assigned to these variants by PharmGKB in May 2022 (Table 3.4). Yet, findings 

from my study are supported by results from the meta-analysis of RCTs and post-

hoc analyses of RCTs I previously performed which showed no significant 

association between rs4149056 and myopathy in statin-treated patients: OR 

[95% CIs] =1.109 [0.913, 1.347], p=0.299 (Please see 2.6.3 for further details). 

Thus, results from my meta-analysis and this investigation in the UKBB still 

contest the current high level of evidence assigned to SLCO1B1 rs4149056 and 

statin-musculoskeletal toxicity by PharmGKB, which is largely debatable (697).  
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Several previous reports did not find a significant association between rs4149056 

and statin-related muscular toxicity (698, 699, 708, 709, 700–707). Multiple 

studies reported significant associations in subjects receiving a specific statin but 

not in those receiving other statins when stratified by statin type (220, 704, 717, 

707, 710–716). Other reports did not show consistent results when using different 

genetic models (716). Further, the case of the very high dose of simvastatin in 

the literature cited to assign this high level of evidence by PharmGKB is a source 

of concern (718, 719). Also, most of the studies cited to produce the high-level of 

evidence assigned to this association by PharmGKB examined the effect 

rs4149056 genotypes on the pharmacokinetic variability or plasma concentration 

of statins (698, 720, 729–738, 721, 739–748, 722, 749–756, 723–728), a small 

but significant proportion of which did not report on the significance of this 

association (698, 730–733, 740, 757) or reported results opposite to what is 

expected or seen previously (728, 751). Prior reports showed that statin-related 

musculoskeletal toxicity occurred in subjects with plasma concentrations of 

statins at an acceptable normal range, suggesting that effects of rs4149056 on 

statin-related musculoskeletal toxicity are unrelated to high plasma exposure of 

neither statins nor their metabolites (758, 759). 

Although the rs4149056 may play a role in inter-subject variability in the 

disposition of some statins within specific ethnic groups and potentially modulate 

the risk of musculoskeletal toxicity, it does not seem to explain the differences 

observed in pharmacokinetic variability or musculoskeletal toxicity between 

carriers and non-carriers. Most statin-related ADEs were found to be nocebo as 

well as extremely difficult to identify (760), and therefore using patient-reported 

data of ADEs in the clinical trials cited to assign this high level of evidence was 

also a concern (761). The conflicting evidence and contradictory findings 

observed highlight the presence of other genetic and non-genetic risk factors 

associated with PG variability of statins and subsequent development of 

musculoskeletal toxicity that evidently cannot be solely ascribed to rs4149056. 

To assess the pre‐emptive genotyping approach to prevent ADEs, the 

PREemptive Pharmacogenomic testing for Preventing Adverse drug REactions 

(PREPARE) study initiated the implementation of preemptive PG testing in 

clinical sites for 6944 patients included in the study (762). The authors stated that 

genotype-guided treatment had significantly decreased the incidence of clinically 
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relevant ADEs by 30%. However, this finding deserves rigorous and detailed 

scrutiny. There was a loss of around 10% of patients in the follow-up, which 

disproportionately affected the intervention group more than the control group. 

The impact of differential attrition on the effect of intervention on the prevalence 

of ADEs, which is anticipated (763), was not explored by the authors. Further, the 

trial was unblinded which could impact the reporting of ADEs (764). There was a 

decrease in ADEs even among those with no actionable results and therefore the 

decrease in ADEs was irrespective of having an actionable result (765). This 

indicates that patients were potentially reluctant to report ADEs if they were aware 

that the PG test was carried out for them. The observed heterogeneity in the 

effect of the PG intervention among the different EU countries was an additional 

concern, casting doubt on the feasibility of wide-scale implementation of PG 

testing and its extension to other populations. Further, while PG testing can result 

in lower drug doses and is subsequently associated with inferior efficacy 

outcomes of therapy in patients tested, this has not been assessed by the 

investigators. Besides, the medicines were very heterogeneous and multiple 

medicines were taken by very small numbers of patients, particularly for high-risk 

medicines. The assigned actionability for the drug-variants combination in the 

DPWG guideline used by the investigators of (PREPARE) study is questionable 

with serious doubts having been cast on this designation (697). Finally, aggregate 

analysis of all these medicines and subsequently drawing an overall conclusion 

that genotype-guided treatment significantly decreased the incidence of ADEs is 

futile. 

3.7.2 Reviewing the pertinent literature relating to PharmGKB annotations 

is vital 

Of note, out of the clinical annotations identified in PharmGKB, around one-fifth, 

were originally annotated with general terms to refer to ADEs. These were re-

classified as MIADEs when the abstracts and/or method sections in the original 

papers were reviewed. Hence, examining the literature that underpins the clinical 

annotations or is used to produce the evidence in PharmGKB is vital. 

3.7.3 I created comparative medication safety charts to support evidence-

based decision-making around formulary choices 

To provide HCPs and patients with real-world data on drug safety and facilitate 



108 
 

informed and evidence-based decision-making, this study produced comparative 

safety charts for clinically meaningful medicines. Access to such evidence-based 

safety information is key in the context of shared decision-making in patient-

prescriber encounters. Besides, this study demonstrated that using aggregate 

data in both prescribing and ADE reporting databases is adequately robust. The 

sensitivity analyses showed that the relative ranking of medicines in the 

aggregated analysis compared to analyses by exclusion and inclusions (i.e., 

when applying different exclusion and inclusion criteria) were largely consistent, 

suggesting that the aggregated analysis of these databases is sufficiently robust 

to draw conclusions with regard to the safety analyses. 

There exists an earlier analysis of ADE reports and prescriptions written in the 

United Kingdom’s primary care settings between 2008-2012 (766). Nevertheless, 

that analysis examined the total number of prescriptions instead of individual 

medications. Also, the main objective of that report was to compare the proportion 

of reported ADEs for particular age ranges with what is projected based on the 

proportion of prescriptions in primary care settings. Moreover, the analysis was 

limited by the utilisation of the IMS Disease Analyzer to project up the number of 

prescriptions issued in primary care in the UK. The IMS Disease Analyzer reflects 

only 1.7 per cent of the general UK population, and therefore all the number of 

prescriptions therein were merely projected to reflect the entire UK population. A 

systematic review of the literature has endeavoured to identify medications 

associated with fatal and serious adverse drug events (767). However, that 

review predominantly focused on medication errors instead of ADEs occurring in 

routine clinical practice within the licence pertaining to those medications. A more 

recent systematic literature review examined ADEs within primary care settings 

(90), yet its main focus was to determine the prevalence as well as the proportion 

of ADEs deemed preventable rather than to identify high-risk medications. 

Many studies and various organisations have endeavoured to identify high-alert 

or high-risk medications (767–771). Nevertheless, the lists of high-risk 

medications catalogued by those studies were generated with a particular 

emphasis on reports of medication errors instead of ADEs (769). Notably, those 

lists of high-risk medications were predominantly based on specific clinical 

contexts such as in-patient, acute, long-term or ambulatory care settings (770, 

772, 773) and so, may differ significantly for other settings (774). Examples 
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include tools devised to identify high-risk medicines such as Inappropriate 

Prescribing in the Elderly Tool (IPET) (775), Medication Appropriateness Index 

(MAI) (776, 777), Screening Tool of Older Persons’ Prescriptions (STOPP) (778), 

GerontoNet (779), Screening Tool Alert Doctors to Right Treatment (START) 

(780) and Beers criteria. However, such tools were mainly created to identify 

potentially inappropriate prescribing of medications (781). Additionally, the 

majority of these tools were constructed with a focus on in-patient settings and in 

the elderly, such as IPET in patients older than 70 years in hospital settings, and 

STOPP and Beers criteria in patients older than 65 years (782, 783). As a result, 

these tools may not apply to everyday clinical practice throughout dissimilar age 

ranges and populations. Moreover, tools like STOPP/START were mainly 

constructed to standardise the medication review process (784) based on expert 

consensus instead of data derived from real-world or clinical practice (785). To 

date, no robust evidence exists to demonstrate that these tools can mitigate the 

incidence of deaths or hospital admissions (786). Taken together, none of the 

above-mentioned reviews and tools was designed to provide HCPs and patients 

with comparative safety data for fatal or serious ADEs within a therapeutic 

category. 

3.7.4 The existent inherent imitations in prescribing and ADE reporting 

databases require attention 

Caution should be exercised when interpreting the results from the comparative 

medication safety analyses considering the inherent limitations pertaining to the 

nature of prescription data as well as ADE reporting data utilised. 

First, the prescription data utilised were derived solely from prescriptions issued 

in England. Yet, England contains approximately 85 % of the United Kingdom 

population and therefore the English prescription data represents the majority of 

the prescriptions issued in GP in the United Kingdom. Second, medicines less 

frequently prescribed in GP were not included to narrow the dataset to a more 

manageable level. This could have resulted in some under‐representation of a 

number of clinically significant GP medications with substantial ADE rates. Third, 

the prescribing data used denotes the total number of times a particular 

medication has been prescribed but lacks information on either the length of 

therapy or the precise quantity of medication prescribed. Yet, UK GPs are urged 
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to prescribe only for one month at a time and therefore this is not expected to be 

a concern. Fourth, prescription data do not inevitably imply patient exposure to 

medications. Yet, I used dispensing data which is likely to better represent 

exposure than prescribing data alone. Estimates show that only around 87 to 95 

per cent of prescriptions originating from primary care settings are dispensed 

thereafter (787, 788). Fifth, reporting of ADEs is completely voluntary apart from 

Marketing Authorisation Holders (MAHs) who are legally obliged to submit ADE 

reports related to their medications (789–791). Nevertheless, fatal and serious 

ADEs are reasonably more likely to be identified and reported as patients with 

serious or life-threatening ADEs are usually admitted to hospital or treated under 

hospital supervision. Yet, the majority of the above-mentioned limitations are 

expected to affect all medications similarly, and therefore the relative rankings 

that reflect the rates of ADEs per dispensed unit are not likely to be affected. 

3.7.5 Implications for research and practice 

The variants analysed in this study should not serve as predictors of risk of 

developing MIADEs in patients receiving these treatments and therefore PG 

testing in this context should not be considered in clinical practice for 

personalised treatment. These findings can inform stakeholders and 

policymakers considering implementing PG tests in GP or primary care.  Based 

on NHS England recent policies regarding the adoption of PG testing 

preemptively for variants with robust evidence (792), this study demonstrated that 

the evidence base for these variants is insufficient to justify the integration in 

clinical practice prescribing support tools. 

3.8 Conclusions 

This is the first study that used real-world recent data derived from GP-specific 

prescribing data and national incident ADE reporting data in PG analyses. None 

of the previously reported PG associations between variants and MIADEs related 

to high-risk medicines and therapeutic classes in GP were replicated in the 

UKBB. This included statins, NSAIDs and antipsychotics. Hence, PG testing in 

these contexts should therefore not be implemented in clinical practice. 

This study employed a novel data integration approach to map the Yellow Card 

system onto the English GP prescription data. The generated comparative 

medication safety visuals have the potential to predict medication relative safety 
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and represent a benchmark against which outcomes from pharmaco-

epidemiological investigations exploring high-risk medications are compared. 

Nevertheless, validating these comparative safety charts and evaluating their 

suitability and usefulness in routine clinical practice is required. 
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3.9 Appendix 

Table 3.5 Phenotype categories in PharmGKB which are systematically searched to identify variants 
associated with the risk of ADEs. 

Phenotype Categories  

Toxicity 

Toxicity/ADR 

Toxicity/ADR; other 

Dosage; Toxicity/ADR 

Toxicity/ADR; Metabolism/PK 

Efficacy; Toxicity/ADR 

Dosage; Efficacy/ADR 

Efficacy; Toxicity/ADR; Metabolism/PK 

Others 

Table 3.6 High-risk medicines in GP and medications codes examined in the UK Biobank. 

Treatment 
modality 

Generic name Other Brand Names investigated Codes* 

 
 

Statins 

Simvastatin Zocor, zocor heart-pro, INEGY, Cholib, 
FloLipid, Simcor, Vytorin 

1140861958, 1140881748, 
1141200040 

Pravastatin Lipostat, Elisor, Mevalotin, Pravaselect, 
Selipran 

1140888648, 1140861970 

Rosuvastatin Crestor 1141192410, 1141192414 

Fluvastatin Dorisin, Lescol, Nandovar, Canef, Cranoc 1140888594, 1140864592 

Atorvastatin Lipitor, Caduet 1141146234, 1141146138 

 
 
 
 
 
 
 
 
 

Anti-
psychotic

s 

Amisulpride Solian, Deniban, Barhemsys 1141153490, 1141184742 

Aripiprazole Abilify, Abilify Maintena, Abilitat 1141195974, 1141202024 

Clozapine Clozaril, Denzapine, Zaponex, Fazaclo, 
Versacloz 

1140867420, 1140882320, 
1141200458, 1141201792 

Haloperidol Halkid, Haldol, Haldol Decanoate 1140867168, 1140867184 

Olanzapine Zalasta, Zyprexa, Zypadhera, Lybalvi, 
Olazax, Symbyax 

1140928916, 1141167976 

Quetiapine Seroquel, Atrolak, Biquelle, Brancico, 
Mintreleq, Sondate, Zaluron, Alaquet 

1141152848, 1141152860 

Risperidone Risperdal Consta, Perseris 1140867444, 1141177762 

Perphenazine Decentan, Emesinal, Fentazin, Perphenan, 
Trilafon,Trilifan 

1140867208, 1140867948, 
1140867210 

Chlorpromazine Largactil 1140879658, 1140910358, 
1140863416 

Zuclopenthixol Clopixol, Ciatyl-Z 1140882100, 1140867342 

Flupentixol Fluanxol, Depixol, Psytixol 1140909800, 1140867952, 
1140867152 

Promazine Combelen, Prazine, Sparine, Talofen 1140879746, 1140867288 

Pericyazine Neuleptil 1140867134 

Levomepromazin
e 

Nozinan 1140909802, 1140867122 

Trifluoperazine Eskazine / Eskazinyl / Jatroneural / Modalina 
/ Stelazine / Terfluzine / Trifluoperaz / 

Triftazin 

1140868120, 1140867944, 
1140867244 

Sulpiride Bosnyl / Dogmatil / Dogmatyl / Dolmatil / 
Eglonyl / Espiride / Meresa / Modal 

1140867304, 1140867306 

 
 
 
 
 
 
 
 
 
 
 
 

NSAIDs 

Aceclofenac Preservex, Cincofen / Clanza / Hifenac 1140925808, 1140925806 

Sulindac Clinoril 1140871606, 1140871604 

Naproxen Naprosyn, Stirlescent, Boots Period Pain 
Relief, Aleve, Aleve PM, Aleve-D, Anaprox, 
EC-Naprosyn, Naprelan, Sallus, Sudafed 

Sinus & Pain, Treximet, Vimovo 

1140871472, 1140871462, 
1140881612 

Mefenamic Acid Ponstan, Ponstel 1140871546, 1140871542 

Etodolac Etolyn, Etopan, Lodine 1140871196, 1140871188 

Celecoxib Celebrex, Consensi, Elyxyb 1141176668, 1141176670, 
1141176662 

 
Diclofenac 

Voltarol, Diclo-SR, DICLOZIP, diclotard, 
Dicloflex Retard, diclovol, diclomol, Enstar 

1140871168, 1140871174, 
1140917394, 1140921828, 
1141146404, 1141157112, 
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XL, Diclomax SR, Diclomax Retard, Motifene, 
Akis, Econac, Misofen, Arthrotec 

1140871260, 1140909354, 
1141176878, 1141191028, 
1140871266, 1140927086, 
1140884488, 1140878036 

Indomethacin Indocid, Indocin, Tivorbex 1140871354, 1140871336, 
1141157452 

Flurbiprofen Froben 1140871238, 1140871236 

Ketorolac Ketorolac Trometamol 1140884558 

Piroxicam Feldene, Feldene Melt 1140871672, 1140871666, 
1141169526, 1141182754 

Dexketoprofen Keral, Skudexa 1141164750, 1141164746 

 
 
 

Ibuprofen 

Sudafed Sinus Pain Relief , Soleve, Pedea, 
Nuromol Dual Action Pain Relief, Flarin, 

Fenpaed Ibuprofen, Cuprofen, Care Cold & 
Flu Relief, anadin ibuprofen, Anadin Joint 

Pain, Boots Rapid Ibuprofen lysine, Feminax 
Express, Ibucalm, Ibular, Nurofen, Nurofen 
Express, Nurofen Joint & Back Pain Relief, 
Nurofen Migraine Pain, Brufen, Cuprofen 

Maximum Strength, Numark Max Strength 
Pharmacy Ibuprofen, Nurofen Meltlets, 
Brufen Retard, Anadin Ultra, Galpharm 

Migraine Relief, Calprofen 

1141153134, 1141191742, 
1141190952, 1140871388, 
1141182868, 1141187776, 
1141157412, 1140871310, 
1141184546, 1141194296, 
1140878030, 1140910496 

*Treatments and medication codes (including those used as used as covariates) were obtained from: 
https://biobank.ctsu.ox.ac.uk/crystal/coding.cgi?id=4&nl=1 
https://biobank.ndph.ox.ac.uk/showcase/field.cgi?id=20003 

Table 3.7 Ascertainment of adverse drug effects, diagnoses and other phenotypes in the UK Biobank. 

Item of data URL 

Diagnoses - ICD10 (to level 4) 
 

https://biobank.ndph.ox.ac.uk/showcase/field.cgi?id=41270 
 

ICD-10 codes 
 

https://biobank.ndph.ox.ac.uk/showcase/coding.cgi?id=19 
or 

https://icd.who.int/browse10/2010/en 

ICD-9 main and secondary codes https://biobank.ndph.ox.ac.uk/showcase/coding.cgi?id=87&nl=1 
 

Non-cancer illnesses self-reported codes https://biobank.ndph.ox.ac.uk/showcase/coding.cgi?id=6 
 

For cancer codes, self-reported: 
 

https://biobank.ndph.ox.ac.uk/showcase/coding.cgi?id=3 
 

Table 3.8 Adverse drug effects and codes related to high-risk medicines examined in the UK Biobank. 

Phenotype ICD-10 ICD-9 Self-report code from 
n_20002_* variable 

Myopathy, Muscular 
Diseases [including myalgia, 

Rhabdomyolysis] 

G720 G728 G729 M608 
M609 M791 M628 

3599 7291 7283 
72888 3598 

1322 1297 

Tardive dyskinesia  G240 
  

Acute gastrointestinal 
bleeding 

K922 K290 K250 K252 K260 
K262 K270 K272 K280 K282 

K290 K922 K625 

5310 5312 5320 
5322 5330 5332 

5340 5342 5693 578 
5789 

1191 

Gastrointestinal bleeding 
[including chronic ulcer with 

haemorrhage and/or 
perforation] 

K922 K290 K921 K250 K251 
K252 K254 K255 K256 K260 
K261 K262 K264 K265 K266 
K270 K271 K272 K274 K275 
K276 K280 K281 K282 K284 
K285 K286 K290 K922 K625 

K228 

5310 5311 5312 
5314 5315 5316 
5320 5321 5322 
5324 5325 5326 
5330 5331 5332 
5334 5335 5336 
5340 5341 5342 
5344 5345 5346 

5693 578 5781 5789 

1191 

Hyperprolactinemia E221 2531 1431 

 

https://biobank.ctsu.ox.ac.uk/crystal/coding.cgi?id=4&nl=1
https://biobank.ndph.ox.ac.uk/showcase/field.cgi?id=20003
https://biobank.ndph.ox.ac.uk/showcase/field.cgi?id=41270
https://biobank.ndph.ox.ac.uk/showcase/coding.cgi?id=19
https://icd.who.int/browse10/2010/en
https://biobank.ndph.ox.ac.uk/showcase/coding.cgi?id=87&nl=1
https://biobank.ndph.ox.ac.uk/showcase/coding.cgi?id=6
https://biobank.ndph.ox.ac.uk/showcase/coding.cgi?id=3


114 
 

 

 

 

 

 

 



115 
 

 

 

 

 

 

 

 

 



116 
 

 

 

 

 

 

 

 



117 
 

 

 

 

 

 

 

 

 



118 
 

 

 

 

 

 

 

 



119 
 

 

 

 

 

 

 



120 
 

 

 

 

 

 

 

 



121 
 

 

 

 

 

 

 



122 
 

 

 

 

 

 

 

 



123 
 

 

 

 

 

 

 

 

 



124 
 

 

 

Figure 3.5 Comparative safety charts for 365 medicines belonging to 71 therapeutic classes. 

Data on serious and fatal ADE reports from the Yellow Card database in the UK was mapped onto GP 

prescription data in England. Based upon the p-value for Q-statistic and I2 statistic, these quantitative 

comparative safety analyses showed significant differences within most therapeutic classes and sections 

with respect to the rate of fatal and serious ADE reports per prescribing unit. 
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Table 3.9 Associations between previously reported variants and MIADEs related to high-risk medicines in GP tested in the UK Biobank. 

A. Primary analyses 

Drug(s) Adverse Event Variant [Risk 
Allele] 

Main Effects 
vs. Interaction 

Model 

Genetic model OR low 
95% 

high 
95% 

p_value 

 
 
 

Anti-psychotics [Group 1] 

Hypertriglyceridemia rs489693 [A]  [Main effects] [Recessive AA vs. AC or CC] 1.01 0.98 1.03 6.75E-01 

rs489693 [A]  [Interaction] [Recessive AA vs. AC or CC] 1.17 0.78 1.77 4.52E-01 

 
 

Severe weight gain 

rs489693 [A]  [Main effects] [Recessive AA vs. AC or CC] 1.23 1.14 1.33 8.70E-08 

rs489693 [A]  [Interaction] [Recessive AA vs. AC or CC] 1.59 0.78 3.26 2.03E-01 

rs1800497 [A]  [Main effects] [Dominant AA+AG vs. GG] 1.00 0.95 1.05 9.42E-01 

rs1800497 [A]  [Interaction] [Dominant AA+AG vs. GG] 1.12 0.65 1.93 6.92E-01 

 
 
 
 

Anti-psychotics [Group 2] 

Hyperprolactinemia rs1800497 [A]  [Main effects] [Dominant AA+AG vs. GG] 1.34 0.67 2.69 4.14E-01 

rs1800497 [A]  [Interaction] [Dominant AA+AG vs. GG] 9.04 0.91 89.96 6.03E-02 

 
 

Severe weight gain 

rs489693 [A] [Main effects] [Recessive AA vs. AC or CC] 1.23 1.14 1.33 8.32E-08 

rs489693 [A] [Interaction] [Recessive AA vs. AC or CC] 1.53 0.82 2.86 1.79E-01 

rs1800497 [A]  [Main effects] [Dominant AA+AG vs. GG] 1.00 0.95 1.05 9.44E-01 

rs1800497 [A]  [Interaction] [Dominant AA+AG vs. GG] 1.12 0.70 1.78 6.45E-01 

Tardive dyskinesia rs1800497 [G]  [Main effects] [Additive G] 0.61 0.29 1.27 1.85E-01 

rs6977820 [T]  [Main effects] [Dominant CT+TT vs. CC] 1.01 0.39 2.62 9.83E-01 

NSAIDs Acute gastrointestinal 
bleeding 

rs1057910 [C]  [Main effects] [Additive C] 0.98 0.93 1.03 3.97E-01 

rs1057910 [C]  [Interaction] [Additive C] 0.99 0.87 1.13 9.06E-01 

 
 
 
 
 

Statins 

 
 
 
 
 

Myopathy, Muscular 
Diseases 

rs1719247 [C]  [Main effects] [Recessive CC vs. CT or TT] 0.93 0.84 1.02 1.39E-01 

rs1719247 [C]  [Interaction] [Recessive CC vs. CT or TT] 1.12 0.89 1.40 3.38E-01 

rs4149056 [C]  [Main effects] [Dominant: CC+CT vs. TT] 1.08 0.97 1.20 1.65E-01 

rs4149056 [C]  [Interaction] [Dominant: CC+CT vs. TT] 1.03 0.80 1.32 8.31E-01 

rs1346268 [T]  [Main effects] [Recessive TT vs. CC or CT]  0.94 0.85 1.03 1.89E-01 

rs1346268 [T]  [Interaction] [Recessive TT vs. CC or CT]  1.14 0.91 1.43 2.57E-01 

rs1346268 [T]  [Main effects] [Dominant CT+TT vs. CC] 0.89 0.74 1.07 2.22E-01 

rs1346268 [T]  [Interaction] [Dominant CT+TT vs. CC] 0.92 0.60 1.41 6.91E-01 

rs4693075 [G]  [Main effects] [Dominant GG or CG vs. CC] 0.98 0.89 1.09 7.49E-01 

rs4693075 [G]  [Interaction] [Dominant GG or CG vs. CC] 1.02 0.81 1.28 8.90E-01 

*Significant associations are in bold (p-value < 1.79E-03) 
 

B. Secondary analyses 

Drug(s) Adverse Drug Event or Parameter Variant [Risk Allele] [Main 

effects vs. Interaction 

Model] 

Genetic model OR low 

95% 

high 

95% 

p_value 

 

 

 

Severe weight gain rs489693 [A] [Main effects] [Recessive AA vs. AC or CC] 1.23 1.14 1.33 8.70E-08 

rs489693 [A] [Interaction] [Recessive AA vs. AC or CC] 1.59 0.78 3.26 2.03E-01 

rs1800497 [A] [Interaction] [Dominant AA+AG vs. GG] 1.12 0.65 1.93 6.92E-01 
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Anti-psychotics 

[Group 1] 

rs1800497 [A] [Main effects] [Dominant AA+AG vs. GG] 1.00 0.95 1.05 9.42E-01 

Tardive dyskinesia rs1800497 [G] [Main effects] [Additive G] 0.60 0.29 1.27 1.81E-01 

rs6977820 [T] [Main effects] [Dominant CT+TT vs. CC] 1.01 0.39 2.61 9.91E-01 

Hyperprolactinemia rs1800497 [A] [Main effects] [Dominant AA+AG vs. GG] 1.34 0.67 2.70 4.07E-01 

Triglycerides [High] rs489693 [A] [Interaction] [Recessive AA vs. AC or CC] 1.17 0.78 1.77 4.52E-01 

rs489693 [A] [Main effects] [Recessive AA vs. AC or CC] 1.01 0.98 1.03 6.75E-01 

Triglycerides [Extremely high] rs489693 [A] [Main effects] [Recessive AA vs. AC or CC] 0.99 0.95 1.04 7.72E-01 

rs489693 [A] [Interaction] [Recessive AA vs. AC or CC] 0.96 0.47 1.96 9.02E-01 

 

 

 

 

Anti-psychotics 

[Group 2] 

Severe weight gain rs489693 [A] [Main effects] [Recessive AA vs. AC or CC] 1.23 1.14 1.33 8.32E-08 

rs489693 [A] [Interaction] [Recessive AA vs. AC or CC] 1.53 0.82 2.86 1.79E-01 

rs1800497 [A] [Interaction] [Dominant AA+AG vs. GG] 1.12 0.70 1.78 6.45E-01 

rs1800497 [A] [Main effects] [Dominant AA+AG vs. GG] 1.00 0.95 1.05 9.44E-01 

Hyperprolactinemia rs1800497 [A] [Interaction] [Dominant AA+AG vs. GG] 9.04 0.91 89.96 6.03E-02 

Tardive dyskinesia rs6977820 [T] [Main effects] [Dominant CT+TT vs. CC] 1.01 0.39 2.62 9.83E-01 

rs1800497 [G] [Main effects] [Additive G] 0.61 0.29 1.27 1.85E-01 

Triglycerides [High] rs489693 [A] [Interaction] [Recessive AA vs. AC or CC] 1.21 0.86 1.71 2.71E-01 

rs489693 [A] [Main effects] [Recessive AA vs. AC or CC] 1.01 0.98 1.03 6.73E-01 

Hyperprolactinemia rs1800497 [A] [Main effects] [Dominant AA+AG vs. GG] 1.34 0.67 2.69 4.14E-01 

Triglycerides [Extremely high] rs489693 [A] [Interaction] [Recessive AA vs. AC or CC] 0.91 0.48 1.73 7.71E-01 

rs489693 [A] [Main effects] [Recessive AA vs. AC or CC] 0.99 0.95 1.04 7.72E-01 

 

 

 

 

 

 

 

 

 

 

Atorvastatin 

Myopathy, Muscular Diseases [Definition1] rs1346268 [T] [Interaction] [Recessive TT vs. CC or CT] 4.03 1.13 14.41 3.18E-02 

Myopathy, Muscular Diseases [Definition1] rs1719247 [C] [Interaction] [Recessive CC vs. CT or TT] 3.96 1.11 14.14 3.42E-02 

Myopathy, Muscular Diseases [Definition2] rs1346268 [T] [Interaction] [Recessive TT vs. CC or CT] 1.49 0.99 2.25 5.57E-02 

Myopathy, Muscular Diseases [Definition2] rs1719247 [C] [Interaction] [Recessive CC vs. CT or TT] 1.42 0.94 2.14 9.51E-02 

Myopathy, Muscular Diseases [Definition2] rs1719247 [C] [Main effects] [Recessive CC vs. CT or TT] 0.93 0.84 1.02 1.40E-01 

Myopathy, Muscular Diseases [Definition2] rs4149056 [C] [Main effects] [Dominant: CC+CT vs. TT] 1.08 0.97 1.20 1.70E-01 

Myopathy, Muscular Diseases [Definition1] rs4693075 [G] [Interaction] [Dominant GG or CG vs. CC] 2.23 0.70 7.03 1.73E-01 

Myopathy, Muscular Diseases [Definition2] rs1346268 [T] [Main effects] [Recessive TT vs. CC or CT] 0.94 0.85 1.03 1.91E-01 

Myopathy, Muscular Diseases [Definition1] rs4149056 [C] [Main effects] [Dominant: CC+CT vs. TT] 1.18 0.91 1.54 2.09E-01 

Myopathy, Muscular Diseases [Definition2] rs1346268 [T] [Main effects] [Dominant CT+TT vs. CC] 0.89 0.74 1.07 2.23E-01 

Myopathy, Muscular Diseases [Definition2] rs4693075 [G] [Interaction] [Dominant GG or CG vs. CC] 1.24 0.81 1.89 3.14E-01 

Myopathy, Muscular Diseases [Definition1] rs4149056 [C] [Interaction] [Dominant: CC+CT vs. TT] 0.65 0.21 2.07 4.69E-01 

Myopathy, Muscular Diseases [Definition1] rs1346268 [T] [Main effects] [Dominant CT+TT vs. CC] 1.21 0.71 2.07 4.88E-01 

Myopathy, Muscular Diseases [Definition1] rs4693075 [G] [Main effects] [Dominant GG or CG vs. CC] 0.93 0.73 1.20 5.90E-01 

Myopathy, Muscular Diseases [Definition2] rs4693075 [G] [Main effects] [Dominant GG or CG vs. CC] 0.98 0.89 1.09 7.40E-01 

Myopathy, Muscular Diseases [Definition1] rs1346268 [T] [Main effects] [Recessive TT vs. CC or CT] 1.03 0.80 1.31 8.42E-01 

Myopathy, Muscular Diseases [Definition2] rs4149056 [C] [Interaction] [Dominant: CC+CT vs. TT] 0.97 0.63 1.51 8.99E-01 

Myopathy, Muscular Diseases [Definition2] rs1346268 [T] [Interaction] [Dominant CT+TT vs. CC] 0.96 0.45 2.02 9.05E-01 

Myopathy, Muscular Diseases [Definition1] rs1719247 [C] [Main effects] [Recessive CC vs. CT or TT] 0.99 0.77 1.26 9.11E-01 

Myopathy, Muscular Diseases [Definition1] rs1346268 [T] [Interaction] [Dominant CT+TT vs. CC] 0.95 0.12 7.72 9.60E-01 

 

 

Myopathy, Muscular Diseases [Definition2] rs1719247 [C] [Main effects] [Recessive CC vs. CT or TT] 0.93 0.84 1.02 1.38E-01 

Myopathy, Muscular Diseases [Definition2] rs4149056 [C] [Main effects] [Dominant: CC+CT vs. TT] 1.08 0.97 1.20 1.71E-01 
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Fluvastatin 

Myopathy, Muscular Diseases [Definition2] rs1346268 [T] [Main effects] [Recessive TT vs. CC or CT] 0.94 0.85 1.03 1.89E-01 

Myopathy, Muscular Diseases [Definition1] rs4149056 [C] [Main effects] [Dominant: CC+CT vs. TT] 1.18 0.91 1.54 2.09E-01 

Myopathy, Muscular Diseases [Definition2] rs1346268 [T] [Main effects] [Dominant CT+TT vs. CC] 0.89 0.74 1.07 2.22E-01 

Myopathy, Muscular Diseases [Definition1] rs1346268 [T] [Main effects] [Dominant CT+TT vs. CC] 1.21 0.71 2.07 4.89E-01 

Myopathy, Muscular Diseases [Definition1] rs4693075 [G] [Main effects] [Dominant GG or CG vs. CC] 0.93 0.73 1.20 5.93E-01 

Myopathy, Muscular Diseases [Definition2] rs4693075 [G] [Main effects] [Dominant GG or CG vs. CC] 0.98 0.89 1.09 7.48E-01 

Myopathy, Muscular Diseases [Definition1] rs1346268 [T] [Main effects] [Recessive TT vs. CC or CT] 1.03 0.80 1.31 8.43E-01 

Myopathy, Muscular Diseases [Definition1] rs1719247 [C] [Main effects] [Recessive CC vs. CT or TT] 0.99 0.77 1.26 9.10E-01 

 

 

 

 

 

 

 

 

 

Pravastatin 

Myopathy, Muscular Diseases [Definition1] rs1346268 [T] [Interaction] [Dominant CT+TT vs. CC] 0.12 0.01 1.41 9.15E-02 

Myopathy, Muscular Diseases [Definition2] rs1719247 [C] [Main effects] [Recessive CC vs. CT or TT] 0.93 0.84 1.02 1.38E-01 

Myopathy, Muscular Diseases [Definition2] rs4149056 [C] [Main effects] [Dominant: CC+CT vs. TT] 1.08 0.97 1.20 1.70E-01 

Myopathy, Muscular Diseases [Definition2] rs1346268 [T] [Main effects] [Recessive TT vs. CC or CT] 0.94 0.85 1.03 1.89E-01 

Myopathy, Muscular Diseases [Definition1] rs4149056 [C] [Main effects] [Dominant: CC+CT vs. TT] 1.18 0.91 1.54 2.08E-01 

Myopathy, Muscular Diseases [Definition2] rs1346268 [T] [Main effects] [Dominant CT+TT vs. CC] 0.89 0.74 1.07 2.22E-01 

Myopathy, Muscular Diseases [Definition2] rs1346268 [T] [Interaction] [Dominant CT+TT vs. CC] 0.47 0.10 2.19 3.38E-01 

Myopathy, Muscular Diseases [Definition2] rs4149056 [C] [Interaction] [Dominant: CC+CT vs. TT] 1.65 0.54 5.11 3.81E-01 

Myopathy, Muscular Diseases [Definition1] rs1346268 [T] [Main effects] [Dominant CT+TT vs. CC] 1.21 0.71 2.07 4.88E-01 

Myopathy, Muscular Diseases [Definition1] rs4693075 [G] [Main effects] [Dominant GG or CG vs. CC] 0.93 0.73 1.20 5.91E-01 

Myopathy, Muscular Diseases [Definition2] rs1719247 [C] [Interaction] [Recessive CC vs. CT or TT] 1.33 0.43 4.09 6.22E-01 

Myopathy, Muscular Diseases [Definition1] rs1346268 [T] [Interaction] [Recessive TT vs. CC or CT] 1.61 0.14 18.07 6.98E-01 

Myopathy, Muscular Diseases [Definition1] rs1719247 [C] [Interaction] [Recessive CC vs. CT or TT] 1.60 0.14 17.90 7.03E-01 

Myopathy, Muscular Diseases [Definition2] rs4693075 [G] [Main effects] [Dominant GG or CG vs. CC] 0.98 0.89 1.09 7.45E-01 

Myopathy, Muscular Diseases [Definition1] rs1346268 [T] [Main effects] [Recessive TT vs. CC or CT] 1.03 0.80 1.31 8.44E-01 

Myopathy, Muscular Diseases [Definition1] rs4149056 [C] [Interaction] [Dominant: CC+CT vs. TT] 1.20 0.11 13.45 8.83E-01 

Myopathy, Muscular Diseases [Definition1] rs1719247 [C] [Main effects] [Recessive CC vs. CT or TT] 0.99 0.77 1.26 9.10E-01 

Myopathy, Muscular Diseases [Definition2] rs4693075 [G] [Interaction] [Dominant GG or CG vs. CC] 0.98 0.32 3.01 9.67E-01 

Myopathy, Muscular Diseases [Definition2] rs1346268 [T] [Interaction] [Recessive TT vs. CC or CT] 1.00 0.33 3.01 9.97E-01 

 

 

 

 

 

 

Rosuvastatin 

Myopathy, Muscular Diseases [Definition2] rs4693075 [G] [Interaction] [Dominant GG or CG vs. CC] 0.38 0.14 1.06 6.55E-02 

Myopathy, Muscular Diseases [Definition2] rs4149056 [C] [Interaction] [Dominant: CC+CT vs. TT] 0.15 0.02 1.15 6.86E-02 

Myopathy, Muscular Diseases [Definition2] rs1719247 [C] [Main effects] [Recessive CC vs. CT or TT] 0.93 0.84 1.02 1.38E-01 

Myopathy, Muscular Diseases [Definition2] rs4149056 [C] [Main effects] [Dominant: CC+CT vs. TT] 1.08 0.97 1.20 1.71E-01 

Myopathy, Muscular Diseases [Definition2] rs1346268 [T] [Main effects] [Recessive TT vs. CC or CT] 0.94 0.85 1.03 1.88E-01 

Myopathy, Muscular Diseases [Definition1] rs4149056 [C] [Main effects] [Dominant: CC+CT vs. TT] 1.18 0.91 1.54 2.08E-01 

Myopathy, Muscular Diseases [Definition2] rs1346268 [T] [Main effects] [Dominant CT+TT vs. CC] 0.89 0.74 1.07 2.21E-01 

Myopathy, Muscular Diseases [Definition2] rs1346268 [T] [Interaction] [Recessive TT vs. CC or CT] 1.89 0.65 5.48 2.41E-01 

Myopathy, Muscular Diseases [Definition2] rs1719247 [C] [Interaction] [Recessive CC vs. CT or TT] 1.82 0.63 5.27 2.71E-01 

Myopathy, Muscular Diseases [Definition1] rs1346268 [T] [Main effects] [Dominant CT+TT vs. CC] 1.21 0.71 2.07 4.88E-01 

Myopathy, Muscular Diseases [Definition1] rs4693075 [G] [Main effects] [Dominant GG or CG vs. CC] 0.93 0.73 1.20 5.92E-01 

Myopathy, Muscular Diseases [Definition2] rs4693075 [G] [Main effects] [Dominant GG or CG vs. CC] 0.98 0.89 1.09 7.47E-01 

Myopathy, Muscular Diseases [Definition1] rs1346268 [T] [Main effects] [Recessive TT vs. CC or CT] 1.03 0.80 1.31 8.44E-01 

Myopathy, Muscular Diseases [Definition1] rs1719247 [C] [Main effects] [Recessive CC vs. CT or TT] 0.99 0.77 1.26 9.09E-01 

 Myopathy, Muscular Diseases [Definition2] rs1719247 [C] [Main effects] [Recessive CC vs. CT or TT] 0.93 0.84 1.02 1.38E-01 
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Simvastatin 

Myopathy, Muscular Diseases [Definition2] rs4149056 [C] [Main effects] [Dominant: CC+CT vs. TT] 1.08 0.97 1.20 1.67E-01 

Myopathy, Muscular Diseases [Definition2] rs1346268 [T] [Main effects] [Recessive TT vs. CC or CT] 0.94 0.85 1.03 1.88E-01 

Myopathy, Muscular Diseases [Definition1] rs4149056 [C] [Main effects] [Dominant: CC+CT vs. TT] 1.18 0.91 1.54 2.07E-01 

Myopathy, Muscular Diseases [Definition2] rs1346268 [T] [Main effects] [Dominant CT+TT vs. CC] 0.89 0.74 1.07 2.21E-01 

Myopathy, Muscular Diseases [Definition2] rs4149056 [C] [Interaction] [Dominant: CC+CT vs. TT] 1.11 0.83 1.47 4.88E-01 

Myopathy, Muscular Diseases [Definition1] rs1346268 [T] [Main effects] [Dominant CT+TT vs. CC] 1.21 0.71 2.07 4.90E-01 

Myopathy, Muscular Diseases [Definition1] rs4693075 [G] [Main effects] [Dominant GG or CG vs. CC] 0.93 0.73 1.20 5.95E-01 

Myopathy, Muscular Diseases [Definition2] rs1346268 [T] [Interaction] [Dominant CT+TT vs. CC] 0.90 0.55 1.48 6.89E-01 

Myopathy, Muscular Diseases [Definition2] rs1719247 [C] [Interaction] [Recessive CC vs. CT or TT] 0.95 0.73 1.23 6.96E-01 

Myopathy, Muscular Diseases [Definition2] rs4693075 [G] [Main effects] [Dominant GG or CG vs. CC] 0.98 0.89 1.09 7.52E-01 

Myopathy, Muscular Diseases [Definition1] rs1719247 [C] [Interaction] [Recessive CC vs. CT or TT] 1.10 0.58 2.08 7.71E-01 

Myopathy, Muscular Diseases [Definition1] rs1346268 [T] [Interaction] [Dominant CT+TT vs. CC] 0.83 0.22 3.10 7.81E-01 

Myopathy, Muscular Diseases [Definition2] rs1346268 [T] [Interaction] [Recessive TT vs. CC or CT] 0.97 0.74 1.26 8.02E-01 

Myopathy, Muscular Diseases [Definition1] rs4693075 [G] [Interaction] [Dominant GG or CG vs. CC] 0.93 0.49 1.77 8.32E-01 

Myopathy, Muscular Diseases [Definition1] rs1346268 [T] [Main effects] [Recessive TT vs. CC or CT] 1.02 0.80 1.31 8.46E-01 

Myopathy, Muscular Diseases [Definition1] rs1719247 [C] [Main effects] [Recessive CC vs. CT or TT] 0.99 0.77 1.26 9.08E-01 

Myopathy, Muscular Diseases [Definition1] rs1346268 [T] [Interaction] [Recessive TT vs. CC or CT] 1.01 0.54 1.90 9.82E-01 

Myopathy, Muscular Diseases [Definition1] rs4149056 [C] [Interaction] [Dominant: CC+CT vs. TT] 1.01 0.51 1.98 9.88E-01 

Myopathy, Muscular Diseases [Definition2] rs4693075 [G] [Interaction] [Dominant GG or CG vs. CC] 1.00 0.77 1.31 9.95E-01 

 

 

 

 

 

 

 

 

 

Statins 

Myopathy, Muscular Diseases [Definition1] rs1719247 [C] [Interaction] [Recessive CC vs. CT or TT] 1.60 0.90 2.85 1.07E-01 

Myopathy, Muscular Diseases [Definition2] rs1719247 [C] [Main effects] [Recessive CC vs. CT or TT] 0.93 0.84 1.02 1.39E-01 

Myopathy, Muscular Diseases [Definition1] rs1346268 [T] [Interaction] [Recessive TT vs. CC or CT] 1.50 0.85 2.66 1.61E-01 

Myopathy, Muscular Diseases [Definition2] rs4149056 [C] [Main effects] [Dominant: CC+CT vs. TT] 1.08 0.97 1.20 1.65E-01 

Myopathy, Muscular Diseases [Definition2] rs1346268 [T] [Main effects] [Recessive TT vs. CC or CT] 0.94 0.85 1.03 1.89E-01 

Myopathy, Muscular Diseases [Definition1] rs4149056 [C] [Main effects] [Dominant: CC+CT vs. TT] 1.19 0.91 1.54 2.06E-01 

Myopathy, Muscular Diseases [Definition2] rs1346268 [T] [Main effects] [Dominant CT+TT vs. CC] 0.89 0.74 1.07 2.22E-01 

Myopathy, Muscular Diseases [Definition2] rs1346268 [T] [Interaction] [Recessive TT vs. CC or CT] 1.14 0.91 1.43 2.57E-01 

Myopathy, Muscular Diseases [Definition2] rs1719247 [C] [Interaction] [Recessive CC vs. CT or TT] 1.12 0.89 1.40 3.38E-01 

Myopathy, Muscular Diseases [Definition1] rs1346268 [T] [Interaction] [Dominant CT+TT vs. CC] 0.63 0.20 1.96 4.27E-01 

Myopathy, Muscular Diseases [Definition1] rs1346268 [T] [Main effects] [Dominant CT+TT vs. CC] 1.21 0.71 2.07 4.89E-01 

Myopathy, Muscular Diseases [Definition1] rs4693075 [G] [Main effects] [Dominant GG or CG vs. CC] 0.93 0.73 1.20 5.92E-01 

Myopathy, Muscular Diseases [Definition2] rs1346268 [T] [Interaction] [Dominant CT+TT vs. CC] 0.92 0.60 1.41 6.91E-01 

Myopathy, Muscular Diseases [Definition1] rs4149056 [C] [Interaction] [Dominant: CC+CT vs. TT] 0.89 0.49 1.63 7.06E-01 

Myopathy, Muscular Diseases [Definition2] rs4693075 [G] [Main effects] [Dominant GG or CG vs. CC] 0.98 0.89 1.09 7.49E-01 

Myopathy, Muscular Diseases [Definition2] rs4149056 [C] [Interaction] [Dominant: CC+CT vs. TT] 1.03 0.80 1.32 8.31E-01 

Myopathy, Muscular Diseases [Definition1] rs1346268 [T] [Main effects] [Recessive TT vs. CC or CT] 1.03 0.80 1.31 8.44E-01 

Myopathy, Muscular Diseases [Definition2] rs4693075 [G] [Interaction] [Dominant GG or CG vs. CC] 1.02 0.81 1.28 8.90E-01 

Myopathy, Muscular Diseases [Definition1] rs1719247 [C] [Main effects] [Recessive CC vs. CT or TT] 0.99 0.77 1.26 9.10E-01 

Myopathy, Muscular Diseases [Definition1] rs4693075 [G] [Interaction] [Dominant GG or CG vs. CC] 1.02 0.58 1.80 9.42E-01 

 

NSAIDs 

Acute gastrointestinal bleeding 

[Definition1] 

rs1057910 [C] [Main effects] [Additive C] 0.98 0.93 1.03 3.97E-01 

rs1057910 [C] [Interaction] [Additive C] 0.99 0.87 1.13 9.06E-01 

Acute gastrointestinal bleeding rs1057910 [C] [Interaction] [Additive C] 0.98 0.87 1.10 6.89E-01 
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[Definition2] rs1057910 [C] [Main effects] [Additive C] 0.99 0.95 1.04 8.23E-01 

*Significant associations are in bold (p-value < 3.85E-04) 

Definitions: 
- Anti-psychotics [Group 1] = Amisulpride, aripiprazole, clozapine, haloperidol, olanzapine, paliperidone, quetiapine, risperidone, ziprasidone 
- Anti-psychotics [Group 2] =All antipsychotics in the treatment codes above. 
-Myopathy, Muscular Diseases [Definition1 & Definition2]: 
Definition 1 codes only for Myopathy, Muscular Diseases 
Definition 2 codes= for Myopathy, Muscular Diseases including myalgia and Rhabdomyolysis 
-Acute gastrointestinal bleeding [Definition1 & Definition2]: 
Definition 1 codes only for acute gastrointestinal bleeding. 
Definition 2 codes for acute gastrointestinal bleeding including chronic ulcer with haemorrhage and/or perforation. 
- Triglycerides: 
Triglycerides [High] >= 2.3mmol/L 
Triglycerides [Extremely high] >= 5.6 mmol/L
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Figure 3.6 Methodology used to create comparative safety charts for clinically meaningful medicines in 
general practice. 
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Figure 3.7 Comparative safety charts for clinically meaningful medicines in general practice. 

Data on serious and fatal ADE reports from the Yellow Card database in the UK was mapped onto GP 

prescription data in England. This study created these comparative safety charts for clinically meaningful 

medicines belonging to 26 therapeutic categories by excluding medicines with <220,000 items prescribed in 

the defined period. Presenting safety profiles for medications using forest plots allows any two medications 

within a particular therapeutic category to be directly compared by seeing whether their confidence intervals 

lap over. 
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4 Chapter Four. Pharmacogenomics of Endocrine Therapy 

Associated Toxicities in Breast Cancer: A Systematic 

Review and Meta-Analysis 

4.1 Abstract 

Background/Aim Endocrine therapy is the standard of care for hormone 

receptor-positive (HR+) breast cancers. Endocrine therapy is however associated 

with toxicities leading to poor adherence to treatment, high recurrence and low 

survival rates. While PG predictors of endocrine therapy-related ADEs have the 

potential to inform personalised treatment decisions, data on whether such PG 

variants provide meaningful information regarding toxicity risk is inconsistent. As 

all published reviews on this topic were mainly narrative and focused on a 

particular gene or certain toxicities for a specific endocrine agent, this study 

aimed to critically describe both the current landscape and characteristics of the 

relevant literature. 

Materials and methods Medline, Embase, the Cochrane CENTRAL library, 

Google Scholar and PharmGKB databases were systematically searched from 

inception to 22 March 2022. The PRISMA guidelines were followed and the 

methodological quality of the included studies was assessed using a checklist 

derived from STREGA, an extension of the STROBE Statement. If applicable, 

data from the independent studies were combined via meta-analyses. 

Results Of 2,050 publications identified from the literature search and 4939 

clinical annotations in PharmGKB, a total of 87 articles satisfied the predefined 

eligibility criteria and were therefore included in the qualitative synthesis. A 

substantial heterogeneity and considerable variation in PG effects across the 

included studies were observed. About half of the publications used data from the 

same clinical trials and the overwhelming majority of associations (87%) were 

investigated in Caucasians and predominantly (90%) in postmenopausal women. 

I conducted 44 meta-analyses, including 30 studies. Meta-analyses showed that 

Factor V Leiden mutation is a predictive maker of thromboembolic events in 

tamoxifen-treated breast cancer women OR=3.47 (1.95,6.17), p<0.0001, and 

rs2234693 and rs7984870 were potential predictors of musculoskeletal toxicities 

in postmenopausal women taking third-generation aromatase inhibitors OR=1.64 

(1.25,2.14), p<0.0001 and OR=1.45 (1.18,1.79), p<0.0001, respectively. 
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Conclusions: The current evidence regarding the potential role of PG variants in 

endocrine therapy-related toxicity in breast cancer is inconsistent and its clinical 

usefulness is still unclear. In addition to heterogeneity in definitions of toxicity 

outcomes, limitations related to methodologies of individual studies such as 

failure to correct for multiple testing or accounting for genotype-treatment 

interactions are causes of concern. More studies in non-Caucasian populations 

and premenopausal women, which are high-risk populations, are warranted. 

Confirming and validating the predictive value of the variants reported to 

significantly modulate endocrine therapy-related toxicities in larger and well-

designed studies is required. 

4.2 Introduction 

4.2.1 Endocrine treatment is the standard of care in hormone receptor-

positive breast cancer 

Female breast cancer (BC) is the most commonly diagnosed malignancy of 

global cancer with an estimated 2.3 million new cases annually, surpassing lung 

cancer (79). BC accounts for approximately 30% of female cancers and is still the 

leading cause of cancer-related death in women (78, 79). It is estimated that 70-

80% of breast cancers are hormone receptor-positive (HR+), for which endocrine 

therapy is usually the mainstay for treatment and prevention of recurrence, for 

both primary and metastatic tumours. The most widely available endocrine 

treatments are I) Tamoxifen, a selective oestrogen receptor modulator, and II) 

third-generation aromatase inhibitors (AIs for brevity), which decrease oestrogen 

production by inhibiting the aromatase enzyme (793). In the past five years 

(12/2017-11/2022), Letrozole was the most commonly prescribed endocrine 

agent in GP in England, followed by Tamoxifen, Anastrozole and Exemestane 

(677) (Figure 4.7 [Appendix]). 

4.2.2 Endocrine therapy use for 5–10 years reduces recurrence and 

increases survival rates in breast cancer 

In both adjuvant and neoadjuvant settings, studies have demonstrated that 

endocrine therapy reduces recurrence and increases both overall survival (OS) 

and disease-free survival (DFS) rates in HR+ early BC when administered for a 

5–10-year period (794–797). In HR+ early BC, treatment with tamoxifen for five 

years decreases relapse rates by about half and approximately one-third in the 
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following five years, as well as decreases BC mortality by nearly one-third during 

the first fifteen years (794). When treatment with tamoxifen is extended to ten 

years, further reductions in BC mortality are achieved (796).  

AIs are recommended as first-line endocrine therapy in postmenopausal women 

with HR+ early BC (798) and in both pre- and postmenopausal women with HR+ 

and HER2-negative metastatic BC. AIs are also recommended in patients with 

unknown advanced BC and can be used in HR+ early or advanced BC in 

postmenopausal women whose disease has progressed despite having 

previously been treated with tamoxifen (799–802). Compared with five years of 

treatment with tamoxifen alone, AIs yield significantly greater reductions in 

relapse rate (797) as well as further reductions in BC mortality (803). 

4.2.3 Endocrine therapy-induced adverse effects can result in high 

recurrence risk and low survival rates 

Despite the declines in BC mortality due to advances in BC treatment (78), BC is 

still the most common cause of cancer-related death due to recurrence and 

metastasis (78, 79). Studies have demonstrated that <50% of women complete 

their full 5-year endocrine therapy, resulting in a 20% rise in BC mortality. This 

might explain the reduced OS benefit from endocrine therapy (80–82).  

Since endocrine therapy is recommended for 5-10 years in adjuvant settings, one 

considerable concern for BC patients is the widespread occurrence and severity 

of related ADEs during treatment, which may result in treatment discontinuation 

(804–806). The incidence, cumulative toxicity and severity of endocrine therapy-

associated ADEs were identified as the main predictors for suboptimal adherence 

and persistence (805, 806), affecting 30%-80% of these patients in the “real 

world”. This results in the lack of OS benefits and rises in both advanced-stage 

disease and mortality (80–82). The time trends for the number of reports of 

serious and fatal ADEs for endocrine agents submitted to the MHRA yellow card 

scheme (from inception till Nov-2022) are shown in (Figure 4.8 [Appendix]). 

4.2.4 Determined approaches to manage endocrine therapy-associated 

toxicities are required 

To improve BC survivorship, interventions designed to help prevent ADEs related 

to endocrine therapy were proposed (807). Tumour characteristics such as 



138 
 

pathologic stage and prognostication aids such as genomic prediction tools (808, 

809) were validated to predict survival rate and identify those at heightened risk 

of disease recurrence. However, there are no currently validated biomarkers 

available to reliably identify those potentially at high risk of endocrine-related 

toxicities. Yet, the existing literature suggests that certain genomic variants are 

associated with clinical toxicity outcomes among BC patients who are treated with 

endocrine therapy. 

4.2.5 Systematic evaluation of current evidence regarding PGx of 

endocrine therapy toxicity risk is warranted 

Almost all previously published reviews of PGx of endocrine therapy-associated 

toxicities were mainly narrative and focused on a particular gene or certain 

toxicities for a specific endocrine agent. Yet, identifying variant(s) that confer a 

risk of a wider range of toxicity outcomes for more than one endocrine drug would 

be more clinically useful as these patients would have greater choice and thus 

could switch endocrine agents (810). Thus, a comprehensive systematic 

evaluation of PGx of endocrine therapy-associated toxicities is vital to enhance 

researchers’ and clinicians’ understanding of the current evidence base. 

4.3 Aim 

I. To critically describe the current landscape and identify any gaps in the 

literature of PGx of endocrine therapy-related toxicities in BC. 

4.4 Objectives 

I. To systematically review PGx studies of endocrine therapy-related toxicities 

in BC. 

II. To critically evaluate the methodological quality of both the design and 

execution of identified studies. 

III. When appropriate, perform meta-analyses of included studies. 

4.5 Materials and Methods 

4.5.1 Data sources and search strategy 

The data sources used and the search strategy employed in this study are 

described in 2.5.1. This systematic review was not registered with a protocol. The 

searches were conducted from inception to 22nd Mar 2022. I ensured that 
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synonyms and both the generic and brand names of endocrine drugs were 

included by consulting with the BNF (47), the electronic medicines compendium 

(emc) (680) and the DrugBank database (681). The database-specific search 

strategies are presented in (Table 4.4 & Table 4.5 & Table 4.6 [Appendix]). To 

achieve comprehensiveness, I also systematically identified variants associated 

with endocrine therapy-related toxicities mapped by PharmGKB (96) by 

searching clinical annotations and phenotypes related to endocrine-related 

toxicity.  

4.5.2 Eligibility criteria 

Eligibility criteria were defined a priori and were based on the PICO four key 

components (Population, Intervention, Comparison, Outcome) (170, 171), which 

is endorsed by the Cochrane Collaboration (172). Both inclusion and exclusion 

criteria are detailed in (Table 4.1). 

Table 4.1 The inclusion and exclusion criteria in this study 

Inclusion Criteria Exclusion Criteria 

English-language publications Non-human studies 

Articles in journals Case reports 

Theses and dissertations Editorials 

Toxicity outcome of any grade Publications without full texts 

Toxicity-related biomarker changes Abstracts only/conference proceedings 

Toxicity-related quality of life (HRQL) non-cancerous disease 

Toxicity-related discontinuation Adverse events due to reduced effectiveness 

Female patients Studies of overall response, recurrence, survival 

Breast cancer disease  

Endocrine agents: Tamoxifen, Anastrozole, Letrozole or 

Exemestane 

Genomic variants (e.g., SNVs, frame-shift mutations, 

repeats, deletions, duplications, diplotypes, haplotypes) 

Phenotypes or activity scores derived from genotypes 

 

4.5.3 Study selection 

The study selection process is summarised in 2.5.3. 

4.5.4 Data extraction  

The data extraction component of this systematic review is described in 2.5.4. 

The following data variables from the included studies were extracted and 

presented in table format: study’s authors, year of publication, sample size, 

population description, study design, interventions(s), gene, genomic variant(s), 
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toxicity outcomes, covariates used for adjustment and menopausal status. 

4.5.5 Quality assessment 

The methodological quality of the included studies was critically evaluated (105). 

I applied a 15-item validated quality assessment checklist tailored to incorporate 

crucial methodological aspects that are vital to genetic studies including the risk 

of bias (811). This checklist was derived from the STREGA (STrengthening the 

REporting of Genetic Association Studies), an Extension of the STROBE 

Statement (Strengthening the Reporting of OBservational Studies in 

Epidemiology) (812). Summary scores were calculated for the final dataset of 

studies included in this review. 

4.5.6 Quantitative data synthesis and statistical analysis 

Quantitative data synthesis via meta-analysis was carried out as per 2.5.6. When 

applicable, I excluded the discovery GWA study published from the meta-

analyses to avoid over-estimation of the effect size. Due to the significant 

heterogeneity in their definitions, I did not meta-analyse studies that investigated 

associations between CYP2D6 genotype-predicted metaboliser phenotypes or 

activity scores and ADEs. Rather, findings from these publications were 

qualitatively synthesised and narratively discussed as recommended (813). All 

meta-analyses were performed and forest plots were created using Stata 16.0 

(StataCorp, College Station, TX). 

4.6 Results 

4.6.1 Eighty-seven studies fulfilled the inclusion criteria 

The search strategy identified a total of 2,050 publications retrieved from 

MEDLINE, Embase and Cochrane Library databases. Of these, 63 fulfilled the 

inclusion criteria. Having reviewed 4939 potentially relevant clinical annotations 

in PharmGKB and performed searches in Google Scholar, 32 additional records 

concerning endocrine therapy-related toxicities were found to be eligible for 

inclusion. Having contacted the authors of the identified abstracts and conference 

proceedings, eight abstracts were removed due to insufficient data. This resulted 

in the inclusion of 87 studies (307, 308, 819–828, 309, 829–838, 310, 839–848, 

312, 849–858, 814, 859–868, 815, 869–878, 816, 879–888, 817, 889–895, 818) 
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including 45,630 patients. The study sample sizes ranged from 24 to 4580 (mean 

524, median 218).  

Most studies included in this analysis were relatively small. While, there were only 

ten publications with sample sizes of more than 1,000 participants (307, 308, 312, 

839, 851, 866, 878, 882, 883, 885), three publications of these (307, 308, 839) 

used DNA samples extracted from formalin-fixed, paraffin-embedded (FFPE) BC 

tissue derived from the same clinical trial, and two publications (866, 878) used 

the cohort from the same clinical trial and investigated endocrine therapy 

associated decline in health-related quality of life. 

The PRISMA flow chart of the systematic literature search and selection process 

of studies is presented in (Figure 4.1). PRISMA checklist is provided in (Table 4.7 

[Appendix]). 

 

Figure 4.1 The PRISMA flow chart of systematic literature search and selection process. 

Preferred reporting items for systematic reviews and meta-analyses (PRISMA) flow diagram demonstrating 
the screening and selection stages of PGx studies of ADEs related to endocrine therapy in breast cancer. 

 

4.6.2 The included studies had overall high-quality scores 

Studies included in this systematic review had an average score of 88.24%. The 

descriptive statistics for each criterion of the STREGA and STROBE checklists 
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are provided in (Table 4.8 [Appendix]). There were 4 theses included in this 

review (866, 867, 874, 878) with an average quality score of 96.43%.  

Remarkably, all included studies fully fulfilled the requirements for stating the 

study design and setting, clear eligibility criteria for study participants in the 

methods section, and reporting numbers of participants at each stage of the 

study. The overwhelming majority of studies (83 to 86 of the studies) satisfied the 

requirements for stating a clear statement of rationale, including objectives and 

hypotheses in the introduction, a clear definition of all variables and the outcome, 

data sources measurement and replicability of statistical methods in the methods 

section, and sufficient descriptive demographic data in the results section. 

Notably, only 56 studies fulfilled all the requirements for bias, and only 47 studies 

reported Hardy-Weinberg equilibrium. I observed inconsistency in ethnic and 

race classification in some studies. Of the 45 studies in which mixed ethnicities 

should have been addressed statistically, only 21 fulfilled the requirement for this. 

4.6.3 The vast majority of identified associations were not statistically 

significant 

Across the 87 studies, there were numerous toxicity outcomes, genomic variants, 

and genetic models as well as multiple associations and effect sizes within the 

same study. In total, 4,423 associations were reported, the majority of which 

(94.3%) were non-significant. There were 32 studies did not report any significant 

results (814, 816, 831, 832, 835–837, 843, 845, 849, 851, 864, 817, 866, 868, 

873, 874, 876, 879–881, 887, 889, 818, 892, 894, 819, 820, 824, 826, 828, 830) 

(Figure 4.9 [Appendix]). A summary table describing the key characteristics of the 

included studies with statistically significant results was provided in (Table 4.2). 

A spreadsheet detailing the characteristics at the individual level associations for 

all studies included is provided in the Supplementary Excel file S4. The 

associations were annotated using the following font colour; Black colour to 

denote significantly increased risk of ADEs, green colour represents significantly 

reduced risk of ADEs, and red colour denotes a non-significant association with 

ADEs.
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Table 4.2 Characteristics of studies reported statistically significant findings 

Study (author, 

year of 

publication) 

Drug(s) Gene Genomic Variant(s) Toxicity outcomes Study size Demographics/ 

Population 

description 

Menopausal 

status 

Study type Ref. 

Al-Mamun 2017 
 

Tam CYP2D6, 

UGT2B7, 

SULT1A1 

CYP2D6*10, 

UGT2B7*2, SULT1A1*2 

Decreased libido, 

Depression, Vaginal 

dryness, HF 

388 Bangladesh Pre-, Peri-, Post- Cohort (867) 

Basmadjian 2019 Exe UGT2B17 UGT2B17 deletion Decline in physical HRQL 3345 Canada, USA, Spain, 

France 

Post- Post-hoc 

analysis of 

RCT 

(878) 

Argalacsova 

2017 

Tam ABCB1 rs1045642, rs2032582 Time to ADEs, EH, 

Endometrial cancer, HF 

258 Czech Republic Pre-, Post- Cohort (870) 

Baatjes 2020 Anas; 

Exe; 

Letr 

CYP19A1  rs10046 BMD [LS, hip] 72 South Africa Post- Prospective 

cohort 

(886) 

Baxter 2014 Tam CYP2D6, 

CYP3A4 

CYP2D6 IM vs. EM, 

CYP3A4*22 

HF severity 132 Canada  Pre-, Post-  Prospective 

cohort 

(854) 

Borrie 2020 
 

Anas; 

Letr 

ESR1, 

CYP19A1  

rs2234693, rs4775936, 

rs9322336, rs9340799 

Arthralgia, Arthralgia-related 

treatment discontinuation 

196 Canada Post-, Prospective 

cohort  

(888) 

Chu 2007 Tam CYP3A4 CYP3A4*1B Endometrial cancer 63 cases/63 

controls 

Canada Pre-, Post- 
 

Case/control (821) 

Dempsey 2018 Exe; 

Letr 

RANKL  rs7984870 Time to MS-ADEs 

discontinuation 

500 (89%) Caucasian, 

remaining African or 

Asian 

Post-  Prospective 

cohort 

(877) 

Dezentje 2014 Tam ESR1  Xbal/PvuII diplotype 

(rs9340799/rs2234693) 

HF 742 Netherlands Post- Post-hoc 

cohort of 

randomised 

trial 

(309) 

Dieudonné 2014 Tam CYP2D6 rs1800716 ET 184 Belgium Post- Retrospective 

cohort 

(853) 

Fontein 2014 Exe CYP19A1 rs16964189, 

rs7176005, rs934635  

VM-ADEs, MS-ADEs 

 
 

737 Netherlands Post- Post-hoc of 

randomised 

open-label trial 

(852) 
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Garber 2010 Tam F5 Factor V Leiden 

mutation 

Thromboembolic events 124 

cases/248 

controls 

USA Pre-, Peri-, Post- 

[Most were Post-] 

Case/control (829) 

Garcia-Giralt 

2013 

Anas; 

Exe; 

Letr 

CYP17A1, 

VDR 

rs10786712, 

rs11568820, 

rs3781287, rs4775936 

rs4919683, rs4919687, 

rs6163, rs743572 

Arthralgia 343 Spain Post- Prospective 

observational 

cohort 

(846) 

Gervasini 2017 Anas CYP19A1, 

ABCB1 

rs1008805, rs1045642 Arthralgia 110 Spain Post- Retrospective 

cohort 

(869) 

Günaldı 2014 Tam CYP2D6 CYP2D6 UM EM IM PM 

groups 

TC, TG, ET  92 Turkey Pre-, Post- [Most 

were Pre-] 

Cohort (850) 

Hartmaier 2012 Tam NCOA1  rs1804645 BMD [LS] 111 USA Pre-, Post-  Cohort from 

prospective 

observational 

study 

(840) 

He 2020 Tam CYP2D6 CYP2D6 UM vs. NM Treatment discontinuation 1309 Sweden Pre-, Post- 
 

Data from 

case-only 

cohort and 

cohort studies 

(882) 

Henry 2009 Tamo CYP2D6  CYP2D6 IMs vs. EMs or 

PMs 

HF 297 USA Pre-, Peri, Post- Prospective 

cohort 

(827) 

Henry 2013 Exe ESR1 rs9322336 MS-ADEs discontinuation 432 USA Post- Data from 

prospective 

randomised 

trial 

(310) 

Hertz 2016 Tam CYP2D6 CYP2D6 UM, EM, IM, 

PM 

Distractedness, Irritability, 

Mood swings, Vomiting, 

Night sweats, HF, Breast 

tenderness, Vaginal 

problems, Dyspareunia, 

incontinence, Arm Problems 

480 [353 

were 

available for 

follow-up 

analysis] 

USA Pre-, Peri-, Post- Secondary 

analysis of 

prospective 

genotype-

guided study 

(863) 
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Hertz 2021 Anas; 

Exe; 

Letr 

OPG rs2073618 MS-ADEs 143 USA Post- Secondary 

analysis of 

prospective 

observational 

cohort  

(891) 

Hertz 2022 Exe; 

Letr 

TCL1A, 

ESR1, 

SUPT20H, 

CCDC148, 

RANKL, 

PPP1R14C 

rs11849538, 

rs1324052, rs2347868, 

rs2369049, 

rs74418677, 

rs79048288, 

rs7984879, rs912571, 

rs9322336  
 

MS-ADEs discontinuation 400 USA Post- GWAS of 

prospective, 

open-label 

study 

(893) 

Ho 2020 Exe UGT2B17  UGT2B17 deletion Severe fatigue 1752 Canada, USA, Spain, 

France 

Post- Post-hoc of 

RCT 

(883) 

Jin 2008 Tam ESR2 ESR2–02 (rs4986938) HF  297 USA Pre-, Peri-, Post- Open-label 

prospective 

observational 

trial 

(823) 

Johansson 2016 Exe; 

Tam 
 

CYP19A1 rs10046 HF, Sweating 1967 International Pre- (+OFS) Retrospective 

analysis of 

RCT 

(312) 

Kiyotani 2012 Tam CYP2D6 CYP2D6 [*10,*41] or 

[*5,*21,*36-*36] vs. 

*1/*1  

Hyperhidrosis 98 Japan Pre-, Post- Cohort (838) 

Koukouras 2012 Anas; 

Exe; 

Letr 

ESR1 PuvII (rs2234693), XbaI 

(rs9340799) 

LDL, TG, ET  87 cases/80 

control 

Greece Post- Prospective 

case-control 

study 

(841) 

Kovac 2015 Tam F5 Factor V Leiden and 

Factor II mutations 

VTE 150 Serbia Pre-, Post- 
 

Prospective 

case-control 

study 

(855) 

Leyland-Jones 

2015 [1] 

Tam; 

Letr 

CYP19A1 rs10046, rs700518, 

rs936308, rs4646 
 

Fractures, Osteoporosis, 

MS-ADEs 

4580 Denmark, France, 

Switzerland 

Post- Substudy of 

RCT 

(308) 
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Leyland-Jones 

2015 [2] 

Tam; 

Letr 

ESR2, 

ESR1 

ESR2–02 (rs4986938), 

XbaI (rs9340799), 

rs2077647 

HF, Night sweats, Fractures, 

Osteoporosis 

3401 Denmark, France, 

Switzerland 

Post- Sub-study of 

RCT 

(307) 

Lintermans 2016 Anas; 

Exe; 

Letr 

OPG rs2073618 MS-ADEs 159 Belgium Post- Analysis of 

prospective 

observational 

cohort study 

(861) 

Mao 2011 Anas; 

Exe; 

Letr 

CYP19A1 rs60271534 (TTTAn) At 

least one 8-repeats 

Arthralgia, MS-ADEs 390 USA Post- Cross-

sectional study 

(834) 

Mazzuca 2016 Anas; 

Letr 

CYP19A1 rs4646 Bone loss [osteoporosis]  45 Italy Post- A 

retrospective 

cohort 

(865) 

Miranda 2021 Tam ESR1 

CYP3A5 

SULT1A1 

rs121913044, 

CYP3A5*3, SULT1A1*2 

Vaginal bleeding, EH 162 Chile Pre-, Post- 
 

Retrospective 

case-control 

study  

(890) 

Napoli 2013 Anas; 

Exe; 

Letr 

CYP19A1 rs700518 BMD [LS] 97 USA Post- Longitudinal 

prospective 

observational 

study 

(844) 

Napoli 2015 Anas; 

Exe; 

Letr 

CYP19A1 rs700518 Truncal fat and fat-free mass 

indexes  

82 USA Post- Longitudinal 

prospective 

study 

(860) 

Niravath 2018 Anas; 

Exe 

VDR rs2228570 Arthralgia 72 

cases/144 

controls 

USA, Canada Post- Nested case-

control study 

(875) 

Ntukidem 2008 Tam ESR2, 

ESR1 

ESR2–02 (rs4986938), 

XbaI (rs9340799) 

TG, HDL, TC 134 USA Post- Cohort from a 

prospective 

observational 

open-label 

clinical study 

(822) 

Oesterreich 2015 Anas; 

Exe; 

Letr  

ESR2, 

ESR1, 

rs10140457, 

rs2813543, rs3742278, 

BMD and T score [LS, hip], 

Bone loss [urinary NTx, 

serum BAP] 

503 USA Post- PGx analysis 

of randomised 

study 

(857) 
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HTR2A, 

CYP19A1 
 

rs4870061, rs6493497, 

rs9322335  

Ohnishi 2005 Tam CYP17A1 rs743572 
 

Hepatic steatosis 180 Japan Pre-, Post- 
 

Cohort (815) 

Onitilo 2009 Tam ESR1 Xbal/PvuII diplotype, 

rs9340799 (XbaI) 

VTE [PE or DVT] 219 USA Pre-, Peri-, Post- Population-

based cohort 

study 

(825) 

Park 2011 Letr CYP19A1 Haplotype M_5_3 Arthralgia, HF 109 Korea Pre-, Post- Cohort (833) 

Pineda-Moncusi 

2017 

Anas; 

Exe; 

Letr 

CYP11A1 D15S520 

[pentanucleotide 

[TTTTA] n repeat, 

Haplotypes: GATGAAA 

17.3; GATGACA 17.4; 

CAT 11.2 

BMD [FN], Arthralgia 391 Spain Post- Cohort (871) 

Regan 2012 Tam CYP2D6 CYP2D6 IM vs EM, 

CYP2D6 PM vs EM 

HF, Night sweats 4393 Denmark, France, 

Switzerland 

Post- Post-hoc of 

randomised, 

phase III 

double-blind 

study 

(839) 

Rodríguez-Sanz 

2015 

Anas; 

Exe; 

Letr 

CYP11A1 SNPs and haplotypes 

for (rs11632698, 

rs4077581, rs900798) 

BMD [FN] 391 Spain Post- Prospective, 

observational, 

clinical cohort 

study 

(858) 

Rolla 2012 Tam CYP2D6 CYP2D6 UM vs EM-IM-

PM 

ADEs [HF, headache, 

muscle cramps, weight gain, 

depression, vaginal 

symptoms, ET] 

61 Italy Pre-, Post- Cohort (842) 

Romero 2020 Anas; 

Exe; 

Letr 

HSD17B2 rs11648233 Arthralgia 1049 USA (White) Post- Cross-

sectional study 

(885) 

Santa-Maria 

2016 

Letr CYP19A1 rs1062033, rs749292, 

rs10046, rs1008805, 

rs2289105, rs3759811, 

rs4646, rs4775936 

HDL, TG 303 USA Post- Subset 

analysis of 

prospective 

(862) 
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rs700518 randomised 

open-label trial 

Servitja 2015 Anas; 

Exe; 

Letr 

CYP27B1, 

CYP17A1 

rs4646536, rs6163 MS-ADEs 687 Spain Post- Cohort (856) 

Umamaheswaran 

2020 

Letr CYP19A1 rs10459592, 

rs4775936, rs700518, 

rs700519. Haplotypes: 

H11; H5; H6; H10; H3 

MS-ADEs, VM-ADEs 198 India Post- Cohort (884) 

Wang 2013 Anas; 

Letr 

ESR1 rs2234693 and 

rs9340799 

MS-ADEs 206 

cases/230 

controls  

China [East Asian] Post- Case/control 

study 

(848) 

Wang 2015 Anas; 

Letr 

RANKL, 

OPG 

SNPs and haplotypes 

for rs7984870, 

rs2073618 
 

MS-ADEs, Bone turnover 

[CTX, PINP], BMD and T-

score [LS] 

208 

cases/212 

controls 

China [East Asian] Post- Case/control 

study 

(859) 

Weng 2013 Tam PTCSC2, 

E2F7, 

SLC22A23, 

PLEKHA5  

rs10983920, 

rs10983932, 

rs10984098, rs310786, 

rs4959825, rs9862879  

BMD [hip, LS], HF 245 USA Pre-, Peri-, Post- Sub-study of 

open-label, 

prospective 

observational 

trial 

(847) 

Wickramage 

2017 

Tam CYP2D6 CYP2D6*41 Fatty liver 24 Sri Lanka Pre-, Post- 
 

Retrospective 

cohort 

(872) 

Zhou 2022 Tam CYP2D6 CYP2D6 EM GGT, Liver dysfunction, 

DET,   

Gynaecological ADEs, 

Dyslipidemia events (TG, 

abnormality in LP(a), TC) 

192 China Pre-, Post- 

 

Propensity-

score matched 

cohort study 

(895) 

Abbreviations 

LS=Lumbar Spine; NTx=type I cross-linked N telopeptides; BAP=Bone Alkaline Phosphatase; OFS=Ovarian Function Suppression; AIs=Aromatase Inhibitors; RCT=Randomised Control Trial; 
HF=Hot Flushes; TC=Total Cholesterol; TG=Triglycerides; HDL=High-Density Lipoprotein; ADEs=Adverse Drug Effects; EH=Endometrial Hyperplasia; VTE=Venous Thromboembolic Events; 
PE=Pulmonary Embolism; DVT=Deep Vein Thrombosis; MS-ADEs=Musculoskeletal Adverse Effects [Muscle pain or Arthralgia]; VM-ADEs=Vasomotor Adverse Effects; FFPE=Formalin-Fixed 
Paraffin-Embedded Tumour; HRQL=Physical Health-Related Quality of Life; CTX=Carboxy Terminal Telopeptide; PINP=Procollagen type I N-terminal Propeptide; GGT=Gamma-Glutamyl 
Transferase; ET=Endometrial Thickness; DET=Double Endometrial Thickness; EH=Endometrial Hyperplasia; FM=Femoral Neck; LP(a)=Lysophosphatidic acid; BMD=Bone Mineral Density; 
EM=Extensive metaboliser; IM=Intermediate metaboliser; PM=Poor metaboliser; UM=Ultrarapid metaboliser; Tam=tamoxifen; Anas=Anastrozole; Exe=Exemestane; Letr=Letrozole; Pre-
=premenopausal; Peri-=peri-menopausal; Post-=postmenopausal.
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4.6.4 There were only three meta-analyses with a statistically significant 

summary effect size 

I conducted 44 meta-analyses including a total of 30 studies. The number of 

studies within a meta-analysis ranged from two to five studies. There were only 

3 meta-analyses that had a statistically significant summary effect size which are 

presented in  (Table 4.3). The forest plots are shown in (Figure 4.2, Figure 4.3, 

Figure 4.4, Figure 4.5). FVL mutation was found to increase the risk of 

thromboembolic events in tamoxifen-treated women in four studies (814, 819, 

829, 855) OR=3.47 (1.95, 6.17), p<0.0001 with no evidence for heterogeneity (I² 

%=3.0%). However, one of the four studies used a broad definition for 

thromboembolic events (829) while the other three studies examined specific and 

more serious ADE outcomes (814, 819, 855), namely venous thromboembolism 

including deep vein thrombosis and pulmonary thromboembolism. On removal of 

this study from the meta-analysis, the association of FVL mutation and venous 

thromboembolism also persisted OR=2.55 (1.13, 5.75), p=0.024 with no evidence 

of heterogeneity (I²=0%). Also, ESR1 PuvII (rs2234693) and RANKL rs7984870 

were significantly associated with MS-ADEs in postmenopausal women treated 

with AIs OR=1.64 (1.25, 2.14), p<0.0001 and OR=1.45 (1.18, 1.79), p<0.0001, 

respectively. No other genomic variants were found to be significantly associated 

with ADEs. Pooled estimates for all meta-analyses performed in this study are 

shown in (Table 4.9 [Appendix]). 

Studies which reported different effect size measures were meta-analysed 

separately. Three variants were described to be associated with MS-ADEs in 

postmenopausal women treated with AIs with both HR and OR being reported. 

This included eight studies examined rs10046 (308, 310, 312, 833, 834, 861, 884, 

891), five studies investigated rs4646 (308, 310, 833, 845, 884) and five studies 

for rs700518 (308, 310, 833, 861, 884). Overall, no indication of significant 

associations between any of these variants and MS-ADEs in postmenopausal 

women treated with AIs. 

Since the number of combined studies in a meta-analysis was <10, funnel plots 

were not created and asymmetry tests were not performed. This is because the 
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power of the tests for funnel plot asymmetry is too low to differentiate between 

real or chance asymmetry when few studies were included. 

Table 4.3 Meta-analyses with a statistically significant summary effect size 

Toxicity 

outcomes 

Drug(s) Genomic 

variant 

Risk 

Allele 

Pooled effect 

estimate (95% Cl) 

I² (%), p-value 

(Cochran's Q) 

Ref. 

Thromboembolic 

Events 

Tam Factor V Leiden 

(rs6025) 

A OR=3.474 (1.955, 

6.174), p<0.0001 

(3.0%), 0.378 (814, 819, 

829, 855) 

MS-ADEs Anas; 

Exe; Letr 

PuvII 

(rs2234693) 

C OR=1.636 (1.250, 

2.141), p<0.0001 

(43.1%), 0.153 (859, 861, 

888, 891) 

MS-ADEs Anas; 

Exe; Letr 

rs7984870 C OR=1.455 (1.184, 

1.786), p<0.0001 

(60.5%), 0.079 (859, 888, 

891) 

Tam=tamoxifen; Anas=Anastrozole; Exe=Exemestane; Letr=Letrozole 

 

Figure 4.2  Meta‐analysis of Factor V Leiden mutation and thromboembolic events in Tamoxifen-treated 

patients. 

Meta‐analysis of the odds ratios (OR) and 95% confidence intervals (CI) of four studies examined Factor V 
Leiden mutation (rs6025) and thromboembolic events in patients taking Tamoxifen. Individual and pooled 
odds ratios from studies were reported in the Forest plot. Squares represent study-specific effect estimates 
and the size of the square reflects the study-specific weight (i.e., the inverse of the variance). The diamond 
represents the summary effect estimate with a 95% confidence interval, and the horizontal lines indicate a 
95% confidence interval. 

 

Figure 4.3 Meta‐analysis of Factor V Leiden mutation and venous thromboembolism in Tamoxifen-treated 

patients. 
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Meta‐analysis of the odds ratios (OR) and 95% confidence intervals (CI) of three studies examined Factor 
V Leiden mutation (rs6025) and venous thromboembolism in patients taking Tamoxifen. Individual and 
pooled odds ratios from studies were reported in the Forest plot. Squares represent study-specific effect 
estimates and the size of the square reflects the study-specific weight (i.e., the inverse of the variance). The 
diamond represents the summary effect estimate with a 95% confidence interval, and the horizontal lines 
indicate a 95% confidence interval. 

 

Figure 4.4 Meta‐analysis of ESR1 PuvII and musculoskeletal adverse effects in postmenopausal women 

treated with third-generation aromatase inhibitors. 

Meta‐analysis of the odds ratios (OR) and 95% confidence intervals (CI) of three studies examined ESR1 
PuvII (rs2234693) and musculoskeletal adverse effects in postmenopausal women taking third-generation 
aromatase inhibitors. Individual and pooled odds ratios from studies were reported in the Forest plot. 
Squares represent study-specific effect estimates and the size of the square reflects the study-specific 
weight (i.e., the inverse of the variance). The diamond represents the summary effect estimate with a 95% 
confidence interval, and the horizontal lines indicate 95% confidence intervals. 

 

Figure 4.5 Meta‐analysis of RANKL rs7984870 and musculoskeletal adverse effects in postmenopausal 

women treated with third-generation aromatase inhibitors. 

Meta‐analysis of the odds ratios (OR) and 95% confidence intervals (CI) of three studies examined RANKL 
rs7984870 and musculoskeletal adverse effects in postmenopausal women taking third-generation 
aromatase inhibitors. Individual and pooled odds ratios from studies were reported in the Forest plot. 
Squares represent study-specific effect estimates and the size of the square reflects the study-specific 
weight (i.e., the inverse of the variance). The diamond represents the summary effect estimate with a 95% 
confidence interval, and the horizontal lines indicate 95% confidence intervals. 
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4.6.5 Third generation of aromatase inhibitors were the most investigated 

treatment modality 

While some studies grouped more than two endocrine agents in their analyses, 

most studies investigated individual endocrine agents, or two medications 

belonging to the AIs class. Among the individual endocrine agents analysed, 

more significant associations were reported for tamoxifen (43%) (Figure 4.10 

[Appendix]). Yet, AIs collectively had more significant associations (55.5%) 

compared to SERM analysed (i.e. tamoxifen). AIs were also the most investigated 

treatment modality (87% of total associations) (Figure 4.11 [Appendix]). 

4.6.6 Musculoskeletal and vasomotor adverse effects were the most 

explored toxicities 

Musculoskeletal and vasomotor ADEs (MS-ADEs and VM-ADEs) were the most 

examined ADEs. Of 87 included studies, 47 explored MS-ADEs (307, 308, 840–

842, 844–848, 850, 851, 310, 852, 856–859, 861, 863, 865, 869, 871, 312, 873–

875, 877, 879–881, 883–885, 826, 886–888, 891–894, 828, 830, 832–834) and 

32 investigated VM-ADEs (309, 814, 832, 833, 835, 837, 838, 842, 843, 847, 849, 

854, 816, 855, 861, 863, 864, 867, 868, 870, 872, 876, 879, 817, 883, 889, 819, 

820, 823, 825, 827, 829) (Figure 4.12 [Appendix]). Of the total number of 

associations, MS-ADEs were also the most investigated ADEs (48.4% of 

associations), followed by overall toxicities being the second most examined by 

ten studies (34.4% of total associations) (Figure 4.13 [Appendix]). 

4.6.7 Less than 1% of associations were analysed in premenopausal 

women 

Of the total associations, 89% were analysed in postmenopausal women and 

only 0.9% were tested in premenopausal women (Figure 4.6). While BC stages 

ranged from early stage to advanced or metastatic BC in the included studies, 

early-stage BC was the most studied malignancy. Yet, several studies did not 

state the BC stage and only a few studies examined data derived from patients 

with advanced or metastatic BC (824, 845, 889). 
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Figure 4.6 The number of associations analysed as per menopausal status. 

The bar chart shows that less than 1% of associations analysed were in premenopausal women. 

 

4.6.8 Most studies were performed in high-income countries and within 

predominantly caucasian cohorts 

While studies included in this review were published in different countries, they 

were conducted largely in the USA and Europe. The overwhelming majority of 

associations (86.6%) were performed within cohorts which were predominantly 

Caucasian or recruited from countries primarily identified as white populations 

(Figure 4.14 [Appendix]). 

4.6.9 Majority of reports were candidate gene studies and there were only 

three GWAS 

The majority of retrieved studies were candidate gene studies and there was only 

one randomised genotype–guided tamoxifen dosing study (889). There were 

three genome-wide association studies (GWAS) (830, 851, 893) all explored AIs-

associated MS-ADEs, two of which (830, 851) obtained their cases and controls 

from the same trial, namely MA.27 

The included studies reported variants belonging to 58 genes, of which ESR1 

and CYP19A1 were the most investigated, with 23% and 19% of total 

associations, respectively (Figure 4.15 [Appendix]). The overwhelming majority 

of studies examined single nucleotide variants (SNVs) and genotype-predicted 

metaboliser phenotypes. Eight studies analysed diplotypes or haplotypes (309, 

825, 833, 848, 858, 859, 871, 884). Apart from CYP2D6 metaboliser phenotypes 

predicted based on deletion(s), five studies examined deletions, namely 

UGT2B17 deletion (866, 874, 878, 881, 883). 
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Whilst the majority of studies used germline DNA, seven studies used DNA 

samples extracted from FFPE BC tissues (307–309, 816, 824, 839, 852), and 

four studies (825, 856, 877) did not explicitly state where their DNA samples were 

extracted from. 

4.6.10 Duplicated data existed across studies 

The significant overlap of studies’ subjects existed and 37 publications (42.5%) 

used overlapping data derived from the same trial(s). These studies produced 

multiple estimates based on data derived from the same participant sample. For 

example, six studies used data from ELPh trial (310, 857, 862, 877, 881, 893), 

six studies used data from patients enrolled in TAM trial (822, 823, 827, 828, 840, 

847), four studies used data derived from participants in MAP.3 trial (866, 874, 

878, 883), three studies analysed patients recruited from BIG 1–98 trial (307, 308, 

839), three studies included patients enrolled in MA.27 study (830, 851, 875), 

three studies used data from the same B-ABLE cohort (846, 858, 871), two 

studies included patients from TEAM trial (309, 852), two studies included 

participants enrolled in the (IBIS-I) trial (814, 837), two publications included 

participants from the same longitudinal study (844, 860), two studies recruited 

patients from the same cohort (884, 892), one study (863) was an expansion on 

a previous pilot study (832) to achieve statistical power. 

4.6.11 Heterogeneity in definitions and measures of toxicity outcomes. 

There was substantial variation in defining toxicity outcomes. Some studies have 

not used standardised symptom measurement for the seriousness and severity 

of toxicities. Toxicity outcomes varied from a specific toxicity endpoint of particular 

severity (e.g., severe hot flushes ≥grade 3) to unspecified toxicity outcomes of 

any grade (e.g., any ADEs, general aches or pains). Toxicity outcome 

measurement included toxicity-related changes in the mean of biomarkers (e.g., 

lipid profile, bone mineral density BMD), time to appearance of toxicity endpoints 

(e.g., presence of hepatic steatosis) or toxicity-related discontinuation of 

treatment. Many studies used global assessments or combined two or more side 

effects as a single composite outcome (e.g., gynaecological ADEs). Some 

studies investigated toxicity-related discontinuation of treatment or incorporated 

it in their outcome definitions (310, 834, 846, 866, 877, 882, 885, 888, 893). Few 

studies examined quality-of-life measures or toxicity-associated worsened 
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health-related quality of life and/or its impact on treatment discontinuation (832, 

863, 866, 878). 

4.7 Discussion 

4.7.1 This analysis adopted a holistic approach to synthesise the available 

body of evidence 

To date, this is the most comprehensive systematic review of the PGx of 

endocrine therapy-related toxicities using a comprehensive and well-explicated 

search strategy in several bibliographic and PG databases. The relevant 

landscape was critically described and the body of evidence available was 

meticulously evaluated and synthesised. Distinct from previous reviews, data 

from individual studies have been extracted, collated and analysed at the level of 

individual associations. Further, large-scale meta-analyses were performed to 

minimise the probability of both false-positive and false-negative findings. 

In addition to identifying existent gaps and what remains to be investigated, this 

analysis provides a holistic understanding of the current level of PGx of endocrine 

therapy-related toxicity, keeping clinicians and researchers abreast of the extant 

evidence base. As BC and endocrine therapy are well-studied areas with RCTs 

and large cohorts as well as long follow-ups, this study has the potential to 

advance overall development in the field of PGx. To an extent, conclusions 

derived from this systematic review can be extrapolated to the PGx of other 

therapeutic classes as there is no reason to assume that the landscape of PGx 

of other fields would significantly differ from the PGx of endocrine therapy in BC. 

4.7.2 Substantial heterogeneity and variability in pharmacogenomic 

effects were observed 

The wide diversity of characteristics of articles that met the eligibility criteria 

resulted in substantial clinical and methodological heterogeneity. This was 

compounded by the conflicting results and notably considerable variation in PG 

effects across the studies. Sources of heterogeneity comprise types of genomic 

variants, enrollment criteria, BC stages, patient populations under study, 

geography, treatment settings (e.g., adjuvant and neoadjuvant settings), study 

designs, outcome definitions and ascertainment. This analysis adopted an 

approach by grouping the retrieved studies as per their key characteristics such 
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as interventions, outcomes, populations, menopausal status and study designs. 

This informative grouping helped draw reliable conclusions and identify potential 

modifiers and areas in which the evidence is more consistent and robust 

compared to other groupings. However, multiple researchers addressed the 

same research question using different approaches. This added a further layer of 

complexity in terms of synthesising collective evidence, drawing definitive 

conclusions or providing valid practical implications. 

4.7.3 Meta-analyses identified variants that can serve as predictive 

markers of endocrine therapy in BC 

While the overwhelming majority of findings from individual studies were not 

statistically significant, there were three meta-analyses with statistically 

significant summary effect sizes among the meta-analyses performed in this 

study. Meta-analyses showed that Factor V Leiden mutation can serve as a 

predictive marker of thromboembolic events in tamoxifen-treated BC patients, 

who can be switched to other endocrine agents or targeted for monitoring 

strategies to improve adherence and overall survival.  

Moreover, MS-ADEs were significantly associated with PuvII (rs2234693) in 

postmenopausal women treated with AIs. However, in other studies, no 

significant associations were observed between PuvII and either MS-ADEs-

related discontinuation in Exemestane and/or Letrozole under any genetic model 

(310) or with MS-ADEs in patients taking endocrine agents (312). Meta-analyses 

also demonstrated that postmenopausal women treated with AIs and carrying 

RANKL rs7984870 have an increased risk of MS-ADEs. This was to some extent 

supported by another study reporting that patients homozygous for rs7984870 

allele (G) treated with Exemestane or Letrozole had significantly a reduced risk 

of MS-ADE-related treatment discontinuation (877). However, the authors did not 

find significant changes in MS-ADE symptom clusters. These meta-analyses also 

included a small number of studies with a limited number of patients and therefore 

heterogeneity among the studies cannot be eliminated. Also, the patients were 

derived from a specific population or particular geographic region, and there is no 

evidence to support the rs2234693 and rs7984870 increase risk with respect to 

MS-ADEs in patient populations different from those included in the meta-

analyses. The evidence is therefore inconsistent and larger studies are needed 
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to provide more robust findings regarding rs2234693 and rs7984870 and MS-

ADEs. 

4.7.4 Almost all of included studies were retrospective 

The overwhelming majority of PGx studies included in this systematic review 

were observational studies, mainly cohorts and retrospective PG analyses of 

RCTs. Even though some studies used data derived from RCTs, ADEs were 

mostly not the primary endpoints or outcomes, and ascertainment of toxicity 

outcomes was largely based upon retrospective identification of potential cases. 

The retrospective nature of this identification of cases is prone to overestimation 

of the PG effect and false positives.  

Compared to observation studies, RCTs are usually inherently of higher quality 

with a lower likelihood bias. There was a lack of randomised genotype–guided 

endocrine therapy studies among the reports identified. Only one randomised 

genotype–guided tamoxifen dosing study of 184 patients has been carried out 

(889). Yet, the study focused on common tamoxifen-related ADEs and safety was 

not the primary endpoint. Moreover, the researchers of the study concluded that 

there was no statistically significant difference in the incidence of ADEs between 

the arm employing genotype-guided escalated dosage and those using a 

standard dosage. 

4.7.5 Studies in non-Caucasian ethnicities should be conducted to 

facilitate the external validity of findings 

The overwhelming studies were performed in high-income countries or within 

cohorts which were predominantly Caucasians or primarily identified as white 

populations. As certain genomic variants might dominate in specific ethnic groups 

(189), findings from these studies might not be generalisable to under-

represented populations that are not adequately represented such as African, 

Asian, Indian or Chinese populations. 

BC is still the most common cause of cancer-related death due to recurrence and 

metastasis, particularly in middle and low-income countries. Compared to 

Caucasian or white women, black females have 4% lower BC incidence yet have 

40% increased BC-related mortality. Black women are less likely to be diagnosed 

with BC yet have the highest BC-related death rate and lower adherence to 
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endocrine therapy. Compared to well-studied European populations, African 

genomes comprise more variation and African genetic variability can be 

associated with transport and/or metabolic pathways of endocrine agents which 

may lead to reduced adherence due to the associated toxicity. To reduce racial 

disparities and health inequalities, studies in larger cohorts or using biobanks with 

more diverse populations are required particularly in ethnic populations in which 

racial disparity in BC-related mortality has stagnated for decades (78). 

4.7.6 More studies in premenopausal breast cancer patients are required 

There were very few studies, less than 1% of associations, analysed 

premenopausal women. Yet, premenopausal women with ER-positive, early-

stage BC are more likely to report endocrine therapy-related ADEs due to the 

abrupt reduction in oestrogen concentrations associated with systemic endocrine 

treatment (896). Premenopausal women with ER-positive were found to be less 

likely to complete their endocrine therapy regimen (897). Additionally, dense 

breast tissue in premenopausal women makes it difficult for clinicians to identify 

issues on mammograms and therefore BC in premenopausal women is typically 

diagnosed at later stages (898). Premenopausal women with BC usually present 

with more aggressive and complex manifestations and therefore need 

multimodality therapy. Besides, premenopausal women with BC often have lower 

survival rates compared with their postmenopausal counterparts (896). Hence, 

future efforts should be made to conduct more PGx studies of ADEs related to 

endocrine therapy in premenopausal subjects. 

4.7.7 No consistent definitions of ADE outcomes, follow-up periods or 

timing of outcome measurements 

It has been noted that most studies in this review had relatively small sample 

sizes, which therefore may theoretically lack sufficient statistical power to detect 

some toxicity outcomes. Studies need to be sufficiently large and followed up 

enough to observe a particular outcome. 

In addition to the wide range and considerable heterogeneity in toxicity outcomes 

analysed in individual studies, there were no consistent definitions of ADE 

outcomes. Even when the same toxicity outcome was explored, studies varied in 

the endpoints assessed and measurement instruments used. The limited use of 

validated toxicity-related symptom measures, particularly for mild and moderate 



159 
 

toxicity outcomes, was also a matter of concern. There also existed substantial 

variability in both follow-up periods and the timing at which the toxicity outcome 

was measured.  

Further, some studies analysed a combination of heterogeneous ADEs by 

grouping very diverse and dissimilar ADEs with varying degrees of seriousness 

and severity. While grouping ADEs may increase the statistical power, this alerts 

to the potential of outcome reporting bias.  

This analysis underscores the need for using specific toxicity endpoints, more 

accurate phenotype delineation and standardised toxicity outcome measures to 

maintain a precise level of granularity. 

4.7.8 Selective reporting of findings and potential outcome reporting bias 

This study identified incomplete and selective outcome reporting by authors of 

some studies. At times, investigators stated the existence of non-significant 

results without citing adequate details on effect sizes (822, 828). Other studies 

reported their non-significant results in bulk without describing which genomic 

variants or outcomes had been analysed (862, 885). Authors of around 10% of 

studies reported solely positive results and did not report any non-significant 

results. As the majority of reported associations identified in this study were non-

significant, authors who solely reported positive results have potentially opted to 

publish the findings based on their results. This indicates that statistically non-

significant results might have been selectively under-reported (i.e., the potential 

existence of selection and reporting biases) (127). 

Further, selective within-study reporting of outcome variables based on the 

direction and nature of the results was observed. For instance, authors of some 

studies did not report key outcomes that are routinely measured and reported by 

most analogous studies, leading to a form of reporting bias, namely publication 

bias (127, 128). There exists evidence of 'file drawer issue' or publication bias as 

none of the eight eligible abstracts with unremarkable findings presented at 

conferences was subsequently published in full-text or had their data shared 

despite thoroughly contacting the authors. More efforts should be taken with 

regard to dissemination of data and transparency as well as complete reporting 

of data among investigators to facilitate further statistical analyses (899). 
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Moreover, while the overwhelming majority of studies adjusted their analyses for 

patient risk factors, some investigators were not clear if their statistical analyses 

were adjusted for any covariates (Figure 4.16 [Appendix]). There was also some 

inconsistency among researchers as to which covariates needed to be adjusted 

for situations in which the toxicity outcome assessed was the same. 

4.7.9 Duplicated data can induce biases and over-estimate 

pharmacogenomic effects 

In-depth analysis showed considerable overlap among samples analysed across 

studies (i.e. multiple publications used data derived from a single study), 

particularly studies with positive findings. Around half of the included studies used 

cohorts from the same clinical trial or research centre over the same period. This 

can result in over-estimation of PG effects and induce bias in many ways (900). 

Dependence can occur whether the same participant samples were utilised in 

individual studies to estimate multiple effect sizes for the same or interrelated 

toxicity outcomes resulting in dependent sampling errors, or for dissimilar toxicity 

outcomes assuming independent sampling errors. Dependence might arise in 

both the former (i.e. correlated effects) and latter (i.e. hierarchical effects) 

scenarios (193).  

Overlapping studies usually fail to cross-reference each other (901) and 

publications using data derived from the same patient cohort may not share a 

common investigator (900, 902). Thus, it is difficult to identify duplicate 

publications of results or decide whether publications are duplicates of a single 

study or separate articles. As interpreting meta-analyses of such statistically-

dependent effect sizes can be misleading (903–909), I included only the study 

with the largest analysis and/or longest follow-up period in such instances. 

4.7.10 Authors should adhere to multiplicity corrections procedures 

The majority of studies included in this review have conducted many independent 

analyses and provided several effect sizes by investigating numerous variants 

and multiple indicators of toxicity outcomes. Yet, few authors have corrected for 

multiple testing or addressed the multiplicity issue in their analyses. This was 

sufficiently concerning to warrant caution of the results. 
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In this analysis, the ramifications of the meta-analysis multiplicity were considered 

(126). Thus, I decided a priori to correct for all statistical tests to provide a fair 

balance between the elimination of false positives and false negatives (910, 911). 

Authors of high-quality meta-analyses must adhere to the same correction for 

multiple testing procedures applied in primary studies. 

4.7.11 Failure to incorporate interaction terms can lead to misinterpretation 

of pharmacogenomic effects  

Potential interactions in regression analyses have not been adequately explored 

by the authors of the overwhelming majority of studies. Of the 87 studies included 

in this review, only 13 studies used genotype-treatment interactions in their 

analyses. The significant adverse implications of disregarding effect 

modifications or interaction effects in statistical analyses performed in 

epidemiological studies are well-documented (912). Best practice guidelines 

recommend the incorporation of statistical interactions in the regression models 

(913, 914). As the failure to investigate potential interactions in regression 

analyses has significant implications, caution should be exercised in the 

interpretation of findings from associations reported across the studies that have 

not used interaction terms. This analysis suggests and advocates the 

incorporation of interaction terms as an item in the checklist derived from the 

STREGA/STROBE statement. 

4.7.12 More GWAS studies with larger sample sizes are needed 

There were only three GWAS studies (830, 851, 893) that all explored AI-related 

MS-ADEs with a relatively small sample size. One study has a sample size of 

400 (893), and the remaining two obtained their cases and controls from the same 

trial (830, 851). Such sample sizes are considered far smaller than the typical 

sample sizes of GWAS disease studies of polygenic traits that usually include a 

far larger number of participants (915–917). To identify new candidate genes, 

future efforts should include large-scale GWAS discovery studies investigating 

other endocrine agents with more diverse ADEs. This hypothesis-free approach 

has the potential to identify associations for rare variants or those with smaller 

effect sizes or variants in particular enriched pathways (918).  

Yet, time-lag bias and the winner's curse are very common in genetics studies 

(919). The first published or discovery study usually has a greater overall effect 
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than subsequent studies (159, 920). To minimise over-estimation of the effect 

size estimates, I excluded the first published GWA study of the discovery phase 

from the meta-analysis. Further, studies with significant or striking findings, 

particularly those with high accrual of participants, are published earlier than 

studies with non-significant results (921, 922). Subsequent confirmatory studies 

that examined a specific association are thought to be driven largely by the study 

that first reported the association and expected to have diminishing effect sizes 

which may ultimately lead to rejecting the initial association as a false positive 

(923). This emphasises the requirement for successful replication of discovery-

phase PG associations with a similar trend of effect in multiple independent non-

overlapping samples (924). 

4.7.13 Study limitations 

A few limitations of this systematic review need to be considered. First, despite 

the comprehensive searches, systematic reviews are subject to bias due to their 

retrospective nature and are largely limited to published data. Second, I restricted 

my search to include English-only publications and therefore language bias is 

anticipated. Third, this systematic review included four theses and dissertations 

(866, 867, 874, 878), which can be a cause for concern. This is due to the 

assumed variable design quality of theses and dissertations compared with 

articles published in journals, as the former do not typically undergo the 

comparable rigorous peer-review procedure (925). Yet, dissertations and theses 

can have a higher quality compared to published studies (926). Besides, with a 

comparable level of expertise and scrutiny required to assess manuscripts as 

peer reviewers, I appraised and further analysed the included theses and 

dissertations, which scored high-quality ratings in STREGA and STROBE quality 

assessment criteria. Further, the inclusion of such non-traditional sources of 

research studies helps minimise the effect of publication bias and reduce the 

under-representation of relevant research, which is especially more prevalent in 

nascent and rapidly evolving fields such as PGx (157, 158). 

4.8 Conclusions 

The existing evidence regarding the potential role of PGx in endocrine therapy-

related toxicity in BC is largely inconsistent. To develop a more robust body of 

evidence, successful replication of previously reported genomic markers in larger 
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cohorts with independent samples using well-designed methods is warranted. 

PGx of endocrine therapy-related toxicities in BC must move beyond small 

studies and post-hoc analyses of trials originally conducted to assess efficacy 

endpoints, which contain limited information on toxicity outcomes. This in-depth 

interrogation identified methodological caveats in individual studies and raised 

crucial issues that need to be considered when designing PGx studies. Future 

research efforts should aim to implement more hypothesis-free methods and 

expand approaches to other candidate variants. Further, more focus on 

premenopausal women and the formation of larger African and Asian cohorts in 

future investigations is warranted to facilitate generalisability in this topic. 
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4.9 Appendix 

 

Figure 4.7 Prescribing patterns of endocrine agents in England between (12/2017- 11/2022) 

 

Figure 4.8 Time trends for the number of reports of serious and fatal ADEs for endocrine agents submitted 
to the Yellow card scheme. 

Table 4.4 The search filter used to identify PGx studies of ADEs related to endocrine therapy in Embase. 

1. (tamoxifen).ab,ti.   

2. (letrozole).ab,ti.   

3. (anastrozole).ab,ti.   

4. (exemestane).ab,ti.  

5. (nolvadex).ab,ti.  

6. (femara).ab,ti. 

7. (arimidex).ab,ti.  

8. (aromasin).ab,ti.  

9. ("aromatase inhibitor*").ab,ti. 

10. (adjuvant).ab,ti. 

11. 1 or 2 or 3 or 4 or 5 or 6 or 7 or 8 or 9 or 10  

12. exp animal/ or exp invertebrate/ or animal experiment/ or animal model/ or animal tissue/ or animal cell/ or 

nonhuman/ 

13. human/ or normal human/  

14. 12 and 13  

15. 12 not 14  

16. 11 not 15  

17. exp pharmacogenetics/  
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18. exp genetic polymorphism/  

19. genetic variability/  

20. (pharmacogenomic* or pharmacogenetic* or toxicogenetic* or polymorphism* or ''gen* varia*'' or mutation* or snp 

or genotype* or allele* or haplotype*).ab,ti. 

21. 17 or 18 or 19 or 20  

22. exp drug hypersensitivity 

23. exp drug toxicity 

24. ((adverse or undesirable or harms* or serious or toxic) adj3 (effect* or reaction* or event* or outcome*)).ab,ti.

  

25. ("adverse effect*" or "adverse reaction*" or "adverse drug reaction*" or "adverse event*" or "side effect*" or toxicit* 

or poisonin* or pharmacotox* or "drug hypersensitiv*" or "hypersensitiv* reaction*" or anaphyla* or ''drug induced*'' or 

"drug related" or "drug reaction*" or neurotoxic* or nephrotoxic* or hepatotoxic* or cardiotoxic* or immunotoxic* or 

immunocytotoxic* or cytotoxic* or myotoxic* or tolera* or intolera* or noxious or death* or fatal*).ab,ti. 

26. 22 or 23 or 24 or 25  

27. (breast).ab,ti. 

28. (Mammary).ab,ti. 

29. 27 or 28 

30. 16 and 21 and 26 and 29 

31. limit 30 to english language 

Table 4.5 The search filter used for identification of PGx studies of ADEs related to endocrine therapy in 
Medline. 

1. (tamoxifen).ab,ti.   

2. (letrozole).ab,ti.   

3. (anastrozole).ab,ti.   

4. (exemestane).ab,ti.  

5. (nolvadex).ab,ti.  

6. (femara).ab,ti. 

7. (arimidex).ab,ti.  

8. (aromasin).ab,ti.  

9. ("aromatase inhibitor*").ab,ti. 

10. (adjuvant).ab,ti. 

11. 1 or 2 or 3 or 4 or 5 or 6 or 7 or 8 or 9 or 10 

12. exp animals/ not humans.sh. 

13. 11 not 12 

14. exp Pharmacogenetics/ 

15. exp Polymorphism, Genetic/ 

16. exp Genetic Variation/ 

17. (pharmacogenomic* or pharmacogenetic* or toxicogenetic* or polymorphism* or ''gen* varia*'' or mutation* or snp 

or genotype* or allele* or haplotype*).ab,ti. 

18. 14 or 15 or 16 or 17 

19. exp Drug Toxicity/ge, pc [Genetics, Prevention & Control] 

20. exp Drug Hypersensitivity/ge, pc [Genetics, Prevention & Control] 

21. ((adverse or undesirable or harms* or serious or toxic) adj3 (effect* or reaction* or event* or outcome*)).ab,ti. 

22. ("adverse effect*" or "adverse reaction*" or "adverse drug reaction*" or "adverse event*" or "side effect*" or toxicit* 

or poisonin* or pharmacotox* or "drug hypersensitiv*" or "hypersensitiv* reaction*" or anaphyla* or ''drug induced*'' or 

"drug related" or "drug reaction*" or neurotoxic* or nephrotoxic* or hepatotoxic* or cardiotoxic* or immunotoxic* or 

immunocytotoxic* or cytotoxic* or myotoxic* or tolera* or intolera* or noxious or death* or fatal*).ab,ti. 

23. 19 or 20 or 21 or 22 

24. (breast).ab,ti. 

25. (Mammary).ab,ti. 

26. 24 or 25 

27. 13 and 18 and 23 and 26 

28. limit 27 to english language 

Table 4.6 The search filter used to identify PGx studies of ADEs related to endocrine therapy in Cochrane. 

Date Run: 22/03/2022 16:27:07 

ID Search  

#1 MeSH descriptor: [Pharmacogenetics] explode all trees  

#2 MeSH descriptor: [Polymorphism, Genetic] explode all trees  

#3 MeSH descriptor: [Genetic Variation] explode all trees  

#4 (pharmacogenomic* or pharmacogenetic* or toxicogenetic* or polymorphism* or ''gen* varia*'' or mutation* 

or snp or genotype* or allele* or haplotype*):ab,ti  

#5 #1 or #2 or #3 or #4 62546 

#6 MeSH descriptor: [Drug-Related Side Effects and Adverse Reactions] explode all trees 

#7 MeSH descriptor: [Drug Hypersensitivity] explode all trees 
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#8 ("adverse effect*" or "adverse reaction*" or "adverse drug reaction*" or "adverse event*" or "side effect*" or 

toxicit* or poisonin* or pharmacotox* or "drug hypersensitiv*" or "hypersensitiv* reaction*" or anaphyla* or ''drug 

induced*'' or "drug related" or "drug reaction*" or neurotoxic* or nephrotoxic* or hepatotoxic* or cardiotoxic* or 

immunotoxic* or immunocytotoxic* or cytotoxic* or myotoxic* or tolera* or intolera* or noxious or death* or fatal*):ab,ti 

#9 #6 or #7 or #8  

#10 (tamoxifen):ab,ti  

#11 (letrozole):ab,ti  

#12 12 (anastrozole):ab,ti  

#13 (exemestane):ab,ti  

#14 (nolvadex):ab,ti  

#15 (femara):ab,ti  

#16 (arimidex):ab,ti  

#17 (aromasin):ab,ti  

#18 ("aromatase inhibitor*"):ab,ti  

#19 (adjuvant):ab,ti  

#20 #10 or #11 or #12 or #13 or #14 or #15 or #16 or #17 or #18 or #19  

#21 (breast):ab,ti  

#22 (Mammary):ab,ti  

#23 #21 or #22 

#24 #5 and #9 and #20 and #23  
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Table 4.7 PRISMA Checklist for the systematic review of PGx studies of ADEs related to endocrine therapy in breast cancer. 

Section and Topic  
Item 
# 

Checklist item  
Location where item is 
reported  

TITLE   

Title  1 Identify the report as a systematic review. Location is available here 

ABSTRACT   

Abstract  2 the PRISMA 2020 for Abstracts checklist Location is available here 

INTRODUCTION   

Rationale  3 Describe the rationale for the review in the context of existing knowledge. Location is available here 

Objectives  4 Provide an explicit statement of the objective(s) or question(s) the review addresses. Location is available here 

METHODS   

Eligibility criteria  5 Specify the inclusion and exclusion criteria for the review and how studies were grouped for the syntheses. Location is available here 

Information sources  6 Specify all databases, registers, websites, organisations, reference lists and other sources searched or consulted to identify studies. 
Specify the date when each source was last searched or consulted. 

Location is available here 

Search strategy 7 Present the full search strategies for all databases, registers and websites, including any filters and limits used. Location is available here 

Selection process 8 Specify the methods used to decide whether a study met the inclusion criteria of the review, including how many reviewers screened 
each record and each report retrieved, whether they worked independently, and if applicable, details of automation tools used in the 
process. 

Location is available here 

Data collection 
process  

9 Specify the methods used to collect data from reports, including how many reviewers collected data from each report, whether they 
worked independently, any processes for obtaining or confirming data from study investigators, and if applicable, details of automation 
tools used in the process. 

Location is available here 

Data items  10a List and define all outcomes for which data were sought. Specify whether all results that were compatible with each outcome domain in 
each study were sought (e.g., for all measures, time points, analyses), and if not, the methods used to decide which results to collect. 

Location is available here 

10b List and define all other variables for which data were sought (e.g., participant and intervention characteristics, funding sources). 
Describe any assumptions made about any missing or unclear information. 

Location is available here 

Study risk of bias 
assessment 

11 Specify the methods used to assess risk of bias in the included studies, including details of the tool(s) used, how many reviewers 
assessed each study and whether they worked independently, and if applicable, details of automation tools used in the process. 

Location is available here 

Effect measures  12 Specify for each outcome the effect measure(s) (e.g., risk ratio, mean difference) used in the synthesis or presentation of results. Location is available here 

Synthesis methods 13a Describe the processes used to decide which studies were eligible for each synthesis (e.g., tabulating the study intervention 
characteristics and comparing against the planned groups for each synthesis (item #5)). 

Location is available here 

13b Describe any methods required to prepare the data for presentation or synthesis, such as handling of missing summary statistics, or 
data conversions. 

Location is available here 

13c Describe any methods used to tabulate or visually display results of individual studies and syntheses. Location is available here 

13d Describe any methods used to synthesize results and provide a rationale for the choice(s). If meta-analysis was performed, describe 
the model(s), method(s) to identify the presence and extent of statistical heterogeneity, and software package(s) used. 

Location is available here 

13e Describe any methods used to explore possible causes of heterogeneity among study results (e.g., subgroup analysis, meta-
regression). 

Location is available here 

13f Describe any sensitivity analyses conducted to assess robustness of the synthesized results. N/A 

Reporting bias 14 Describe any methods used to assess risk of bias due to missing results in a synthesis (arising from reporting biases). N/A 
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Section and Topic  
Item 
# 

Checklist item  
Location where item is 
reported  

assessment 

Certainty 
assessment 

15 Describe any methods used to assess certainty (or confidence) in the body of evidence for an outcome. Location is available here 

RESULTS   

Study selection  16a Describe the results of the search and selection process, from the number of records identified in the search to the number of studies 
included in the review, ideally using a flow diagram. 

Location is available here 

16b Cite studies that might appear to meet the inclusion criteria, but which were excluded, and explain why they were excluded. Location is available here 

Study 
characteristics  

17 Cite each included study and present its characteristics. Location is available here 

Risk of bias in 
studies  

18 Present assessments of risk of bias for each included study. Location is available here 

Results of individual 
studies  

19 For all outcomes, present, for each study: (a) summary statistics for each group (where appropriate) and (b) an effect estimate and its 
precision (e.g., confidence/credible interval), ideally using structured tables or plots. 

Location is available here 

Results of 
syntheses 

20a For each synthesis, briefly summarise the characteristics and risk of bias among contributing studies. Location is available here 

20b Present results of all statistical syntheses conducted. If meta-analysis was done, present for each the summary estimate and its 
precision (e.g., confidence/credible interval) and measures of statistical heterogeneity. If comparing groups, describe the direction of 
the effect. 

Location is available here 

20c Present results of all investigations of possible causes of heterogeneity among study results. Location is available here 
1, 2 

20d Present results of all sensitivity analyses conducted to assess the robustness of the synthesized results. N/A 

Reporting biases 21 Present assessments of risk of bias due to missing results (arising from reporting biases) for each synthesis assessed. N/A 

Certainty of 
evidence  

22 Present assessments of certainty (or confidence) in the body of evidence for each outcome assessed. Location is available here 

DISCUSSION   

Discussion  23a Provide a general interpretation of the results in the context of other evidence. Location is available here 

23b Discuss any limitations of the evidence included in the review. Location is available here 

23c Discuss any limitations of the review processes used. Location is available here 

23d Discuss implications of the results for practice, policy, and future research. Locations are available 
here 1, 2, 3, 4, 5, 6, 7 

OTHER INFORMATION  

Registration and 
protocol 

24a Provide registration information for the review, including register name and registration number, or state that the review was not 
registered. 

Location is available here 

24b Indicate where the review protocol can be accessed, or state that a protocol was not prepared. Location is available here 

24c Describe and explain any amendments to information provided at registration or in the protocol. N/A 

Support 25 Describe sources of financial or non-financial support for the review, and the role of the funders or sponsors in the review. Location is available here 

Competing interests 26 Declare any competing interests of review authors. Location is available here 

Availability of data, 
code and other 

27 Report which of the following are publicly available and where they can be found: template data collection forms; data extracted from N/A 
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Section and Topic  
Item 
# 

Checklist item  
Location where item is 
reported  

materials included studies; data used for all analyses; analytic code; any other materials used in the review. 

Table 4.8 The descriptive statistics for each criterion of the STREGA and STROBE checklists for PGx studies of ADEs related to endocrine therapy in breast cancer. 

Study 
[Author_Year] 

Title & 
abstract 

 Introduction  Methods Results Discussion 

Total 
score 

% 

 
 
 

Interac
tion 

effects 
used 

approp
riately 

Study’s 
design & 
summary 
of method 

and 
results 

Clear 
statement of 

rationale, 
objectives, 

and 
hypothesis 

Study 
design 

& 
setting 

Clear 
eligibility 

criteria for 
study 

participants 

Clear 
definition of 
all variables 

and the 
outcome 

Data sources 
measurement 

Bias 
Replicability 
of statistical 

methods 

Reported 
Hardy-

Weinberg 
equilibrium 

If 
applicable, 

mixed 
ethnicities 
addressed 
statistically 

Number of 
participants 

at each 
stage of the 

study 

Sufficient 
descriptive 

demographic 
data 

Statement of 
genotype 

frequencies 
and 

outcome 
data 

Limitations 

Generalisability 
& 

Consideration 
of population 

Al-Mamun 2017  +  +  +  +  +  +   -  +   - N/A  +  +  +  +  + 85.71  - 

Bai 2018  +  +  +  +  +  +  +  +  + N/A  +  +  +  +  + 100  + 

Basmadjian 2019  +  +  +  +  +  +  +  +  + N/A  +  +  +  +  + 100  + 

Knight 2017  +  +  +  +  +  +  +  +  +  +  +  +  +  +  + 100  + 

Abed 2022  +  +  +  +  +  +   -  +   - N/A  +  +  +   -   - 71.43  - 

Abramson 2006  +  +  +  +  +  +  +   +   -  +  +  +  +  +  +  93.33  + 

Abubakar 2019  +  +  +  +  +  +  +  +   - N/A  +   -   -  +  + 78.57  - 

Argalacsova 
2017  +  +  +  +  +  +   -  +  + N/A  +  +  +  +   - 85.71  - 

Baatjes 2020  +  +  +  +  +  +  +  +  +   -  +  +  +  +   - 86.67  - 

Baxter 2014  +  +  +  +  +  +  +  +  +   -  +  +  +  +  + 93.33  - 

Bojanic 2020  +  +  +  +  +  +   -  +  + N/A  +  +  +  +  + 92.86  - 

Bonanni 2006   -  +  +  +   -  +   -  +   - N/A  +   -  +   -  + 57.14  - 

Borrie 2018  +  +  +  +  +  +  +  +  +   -  +  +  +  +  + 93.33  - 

Borrie 2020  +  +  +  +  +  +  +  +  +   -  +  +  +  +  + 93.33  - 

Cajal 2010  +  +  +  +  +  +   -  +   - N/A  +  +  +  +  + 85.71  - 

Chu 2007  +  +  +  +  +  +  +  +   -  +  +   -  +  +   - 80  - 

Colomer 2008  +  +  +  +   -  +   -  +   - N/A  +  +  +  +  + 78.57  - 

Damodaran 2012  +  +  +  +  +  +  +  +  + N/A  +  +   -  +  + 92.86  - 

Dempsey 2018   -  +  +  +  +   -   -  +  +  +  +  +  +  +  + 80  - 

Dezentje 2014  +  +  +  +  +  +  +  +  + N/A  +  +  +  +  + 100  - 

Dieudonné 2014  +  +  +  +  +  +   -  +  + N/A  +  +  +  +  + 92.86  - 

Duggan  2003  +  +  +  +  +  +  +  +   -   -  +  +  +  +  + 86.67  - 

Fontein 2014  +  +  +  +  +  +  +  +  + N/A  +  +  +  +  + 100  - 

Fox 2016  +  +  +  +  +  +   -  +  +   -  +  +   -   -   - 66.67  - 

Garber 2010  +  +  +  +  +  +  +  +   -   -  +  +  +  +  + 86.67  - 

Garcia-Giralt 
2013  +  +  +  +  +  +  +  +  + N/A  +  +  +  +   - 92.86  - 

Georgopoulos 
2006  +  +  +  +  +  +   -  +  +   -  +  +  +  +  + 86.67  - 
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Gervasini 2017  +  +  +  +  +  +   -  +   - N/A  +  +  +  +  + 85.71  - 

Goetz 2005  +  +  +  +  +  +   -  +   -   -  +  +  +  +  + 80.00  - 

Günaldı 2014  +  +  +  +   -  +   -  +   - N/A  +  +  +   -  + 71.43  - 

Hartmaier 2012   -  +  +  +  +  +  +  +  +   -  +  +  +  +  + 86.67  - 

He 2020  +  +  +  +  +  +  +  +  + N/A  +  +  +  +  + 100  - 

Henry 2009  +  +  +  +  +  +  +  +   -   -  +  +  +  +  + 86.67  - 

Henry 2010  +  +  +  +  +  +   -  +  +   -  +  +  +  +  + 86.67  - 

Henry 2013  +  +  +  +  +  +   -  +  +   -  +  +  +  +  + 86.67  - 

Hertz 2016  +  +  +  +  +  +   -  +   -  +  +  +  +  +  + 86.67  - 

Hertz 2021  +  +  +  +  +  +  +  +  +  +  +  +  +  +  + 100  - 

Hertz 2022  +  +  +  +  +  +  +  +  +   -  +  +  +  +  + 93.33  + 

Ho 2020  +  +  +  +  +  +   -  +   -   -  +  +  +  +  + 80  - 

Ingle 2010  +  +  +  +  +  +  +  +  +  +  +  +  +  +  + 100  - 

Irvin, Jr. 2011   -  +  +  +  +  +   -  +   -  +  +  +  +  +  + 80  - 

Jager 2013  +  +  +  +  +  +  +  +   - N/A  +  +  +  +  + 92.86  - 

Jansen 2018  +  +  +  +  +  +  +  +   -   -  +  +  +   -   - 73.33  - 

Jin 2008  +  +  +  +  +  +   -  +  +   -  +  +  +  +  + 86.67  + 

Johansson 2016  +  +  +  +  +  +  +  +  +   -  +  +  +  +   - 86.67  + 

Kamdem 2019  +  +  +  +  +  +  +  +  +  +  +  +  +  +  + 100  - 

Kiyotani 2012  +  +  +  +  +  +   -  +   - N/A  +  +  +  +   - 78.57  - 

Koukouras 2012  +  +  +  +  +  +   -  +  + N/A  +  +   -  +  + 85.71  - 

Kovac 2015  +  +  +  +  +  +  +  +   - N/A  +  +  +  +   - 85.71  - 

Leyland-Jones 
2015 (1)  +  +  +  +  +  +  +  +  +  +  +  +  +  +  + 100  + 

Leyland-Jones 
2015 (2)  +  +  +  +  +  +  +  +  +  +  +  +  +  +  + 100  + 

Lintermans 2016  +  +  +  +  +  +  +  +  + N/A  +  +  +  +  + 100  - 

Liu 2013   -   -  +  +  +  +  +  +  + N/A  +  +   -  +   - 71.43  - 

Liu 2014  +  +  +  +   -  +  +  +  +  +  +  +  +  +   - 86.67  - 

Lorizio 2012  +  +  +  +  +  +   -  +   -  +  +  +  +  +  + 86.67  - 

Mao 2011  +  +  +  +  +  +  +  +  +  +  +  +  +  +  + 100  - 

Mazzuca 2016  +  +  +  +  +  +  +  +  -    -  +  +  +  +   - 80  - 

Miranda 2021  +  +  +  +  +  +  +  +  +  +  +  +  +  +  + 100  - 

Napoli 2013  +  +  +  +  +  +  +  +  +  +  +  +  +  -  - 86.67  - 

Napoli 2015  +  +  +  +  +  +  +  +  +   -  +  +  +  +  + 93.33  - 

Niravath 2018  +  +  +  +  +  +  +  +  -  N/A  +  +  +  +  + 92.86  - 

Ntukidem 2008  +  +  +  +  +  +  +  +  +  +  +  +  +  +  + 100  - 

Oesterreich 2015  +  +  +  +  +  +  +  +  -    -  +  +  +  +  + 86.67  - 

Ohnishi 2005  +  +  +  +  +  +   -  +  -  N/A  +  +  +  +  + 85.71  - 

Okishiro 2009  +  +  +  +  +  +  +   -  -  N/A  +  +   -  +  + 78.57  - 

Onitilo 2009  +  +  +  +  +  +  +  +  -    -  +  +  +  +  + 86.67  - 

Park 2011  +  +  +  +  +  +  +  +  + N/A  +  +  +  -  - 85.71  - 

Pineda-Moncusi 
2017  +  +  +  +  +  +  +  +  -  N/A  +  +  +  +  - 85.71  - 

Rangel-Méndez 
2019  +  +  +  +  +  +   -  +  + N/A  +  +  +  +  + 92.86  - 
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Regan 2012  +  +  +  +  +  +  +  +  -   +  +  +  +  +  + 93.33  + 

Rodríguez-Sanz 
2015  +  +  +  +  +  +  +  +  + N/A  +  +  +  +  + 100  - 

Rolla 2012  +  +  +  +  +  +   -  +  -  N/A  +   -  +  +  + 78.57  - 

Romero 2020  +  +  +  +  +  +  +  +  +  +  +  +  +  +  + 100  - 

Ruddy 2013  +  +  +  +  +  +   -  +  -    -  +  +  +  +  + 80  - 

Santa-Maria 
2016  +  +  +  +  +  +  +  +  +  +  +  +  +  +  + 100  + 

Servitja 2015   -  +  +  +  +   -   -   -  -  N/A  +  +  +  +  - 57.14  - 

Sestak 2012  +  +  +  +  +  +  +  +  -   -   +  +  +  +  + 86.67  - 

Tamura 2020   -  +  +  +  +  +  +  +  - N/A  +  +  +  +  - 78.57  - 

Tucker 2005  +  +  +  +  +  +  +  +  +  +  +  +  +  +  + 100  - 

Umamaheswaran 
2020  +  +  +  +  +  +   -  +  + N/A  +  +  +  +  + 92.86  + 

Umamaheswaran 
2021  +  +  +  +  +  +  +  +  + N/A  +  +  +  +  + 100  - 

Wang 2013  +  +  +  +  +  +  +  +  -  N/A  +  +  +  +  + 92.86  - 

Wang 2015  +  +  +  +  +  +  +  +  -  N/A  +  +  +  +  + 92.86  - 

Weng 2013  +  +  +  +  +  +  +  +  -  N/A  +  +  -   +  + 85.71  - 

Wickramage 
2017  +  +  +  +  +  +   -  +  -  N/A  +  +  +  +  + 85.71  - 

Zembutsu 2017  +  +  +  +  +  +   -  +  + N/A  +  +  +  +  - 85.71  - 

Zhou 2022  +  +  +  +  +  +  +  +  -  N/A  +  +  +  +  + 92.86  + 

 

Table 4.9 Meta-analyses of PGx studies of ADEs related to endocrine therapy in breast cancer. 

System Organ Class Toxicity outcomes Drug(s) Genomic variant Allele Pooled effect estimate (95% Conf. 
Interval) 

I² (%), p-value 
(Cochran's Q) 

Studies 
(N) 

Ref. 

Vascular Disorders VTE Tam Factor II (or rs1799963) A OR=1.603 (0.500, 5.134), p=0.427 (0.0%), 0.533 3 (814, 819, 
855) 

VTE Tam Factor V Leiden (or rs6025) A OR=2.552 (1.132, 5.755), p=0.024 (0.0%), 0.370 3 (814, 819, 
855) 

Thromboembolic Events Tam Factor V Leiden (or rs6025) A OR=3.474 (1.955, 6.174), 
p<0.0001* 

(3.0%), 0.378 4 (814, 819, 
829, 855) 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

MS-ADEs Anas; Exe; Letr rs10046 T OR=0.844 (0.676, 1.054), p=0.134 (0.0%), 0.422 5 (312, 834, 
861, 884, 
891) 

MS-ADEs Letr rs10046 C HR=0.993 (0.852, 1.157), p=0.927 (0.0%), 0.928 2 (308, 310) 

MS-ADEs Anas; Exe; Letr rs10459592  G OR=0.817 (0.498, 1.340), p=0.422 (85.1%), 0.010 2 (861, 884) 

MS-ADEs Letr; Exe rs1062033 G OR=0.879 (0.560, 1.381), p=0.577 (0.0%), 0.568 2 (852, 884) 

MS-ADEs Anas; Exe; Letr rs11849538 G OR=0.993 (0.695, 1.420), p=0.970 (0.0%), 0.665 4 (869, 888, 
891, 892) 

MS-ADEs Anas; Exe; Letr rs16964189 T OR=0.808 (0.441, 1.478), p=0.488 (0.0%), 0.379 2 (852, 891) 

MS-ADEs Anas; Exe; Letr rs2073618 G OR=1.045 (0.790, 1.384), p=0.757 (88.0%), 
<0.0001 

4 (859, 861, 
888, 891) 

MS-ADEs Anas; Exe; Letr PuvII (or rs2234693) C OR=1.636 (1.250, 2.141), 
p<0.0001* 

(43.1%), 0.153 4 (859, 861, 
888, 891) 

MS-ADEs Anas; Letr rs2369049 G OR=0.916 (0.545, 1.538), p=0.740 (0.0%), 0.925 2 (869, 892) 

MS-ADEs or related 
discontinuation 

Letr rs28757184 A HR=0.747 (0.427, 1.308), p=0.308 (0.0%), 0.648 2 (308, 310) 

MS-ADEs Anas; Letr rs4646 T OR=1.007 (0.674, 1.505), p=0.974 (61.0%), 0.109 2 (845, 884) 
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Musculoskeletal & 
Connective Tissue 
Disorders 

MS-ADEs Letr rs4646 A HR=0.933 (0.789, 1.103), p=0.417 (80.0%), 0.025 2 (308, 310) 

MS-ADEs Anas; Exe; Letr rs4775936 T OR=1.319 (1.046, 1.664), p=0.019 (84.7%), 
<0.0001 

4 (846, 861, 
884, 888) 

MS-ADEs or related 
discontinuation 

Anas; Letr rs4775936 T HR=1.355 (1.009, 1.819), p=0.043 (7.5%), 0.299 
 

2 (310, 888) 

MS-ADEs Letr; Exe rs6493497 A OR=1.218 (0.646, 2.296), p=0.541 (0.0%), 0.638 2 (852, 884) 

MS-ADEs Anas; Exe; Letr rs700518 G OR=0.419 (0.247, 0.710), p=0.001* (90.8%), 0.001 2 (861, 884) 

MS-ADEs Letr rs700518 C HR=1.058 (0.853, 1.312), p=0.606 (0.0%), 0.909 2 (308, 310) 

MS-ADEs Letr; Anas rs7158782 G OR=0.934 (0.585, 1.490), p=0.774 (0.0%), 0.893 2 (869, 892) 

MS-ADEs Letr; Anas rs7159713 G OR=0.921 (0.546, 1.554), p=0.759 (0.0%), 0.942 2 (869, 892) 

MS-ADEs Anas; Exe; Letr rs7176005 T OR=0.947 (0.565, 1.588), p=0.837 (0.0%), 0.964 3 (852, 884, 
891) 

MS-ADEs Anas; Exe; Letr rs727479 G OR=0.909 (0.565, 1.463), p=0.694 (0.0%), 0.867 4 (834, 861, 
869, 884) 

MS-ADEs Anas; Exe; Letr rs749292 A OR=1.051 (0.706, 1.567), p=0.806 (0.0%), 0.619 4 (834, 861, 
869, 884) 

MS-ADEs Anas; Exe; Letr rs6163 A OR=1.678 (1.040, 2.707), p=0.034 (41.3%), 0.182 3 (856, 861, 
891) 

MS-ADEs Anas; Exe; Letr rs9322336 C OR=0.654 (0.429, 0.995), p=0.047 (40.7%), 0.194 2 (888, 891) 

MS-ADEs Anas; Exe; Letr XbaI (rs9340799) G OR=0.807 (0.626, 1.039), p=0.097 (85.7%), 0.001 3 (848, 888, 
891) 

MS-ADEs Anas; Exe; Letr rs7984870 C OR=1.455 (1.184, 1.786), 
p<0.0001* 

(60.5%), 0.079 3 (859, 888, 
891) 

MS-ADEs Anas; Exe; Letr rs934635 A OR=2.218 (1.166, 4.219), p=0.015 (75.0%), 0.046 2 (852, 891) 

MS-ADEs Letr rs936308 G HR=1.082 (0.836, 1.399), p=0.551 (0.0%), 0.845 2 (308, 310) 

 
 
 
Vascular and/or Skin 
& Subcutaneous 
Tissue Disorders 

VM-ADEs Letr; Exe rs10046 T OR=0.641 (0.484, 0.848), p=0.002 (0.0%), 0.830 2 (312, 884) 

VM-ADEs Letr; Exe rs1062033 G OR=1.198 (0.748, 1.918), p=0.453 (0.0%), 0.375 2 (852, 884) 

VM-ADEs Tam PuvII (or rs2234693) C HR=0.966 (0.867, 1.076), p=0.527 (67.8%), 0.078 2 (307, 309) 

VM-ADEs Tam ESR2–02 (or rs4986938) A HR=0.969 (0.826, 1.138), p=0.704 (87.7%), 0.004 2 (307, 823) 

VM-ADEs Letr; Exe rs6493497 A OR= 1.512 (0.786, 2.909), p=0.216 (0.0%), 0.519 2 (852, 884) 

VM-ADEs Letr; Exe rs7176005 T OR=1.499 (0.740, 3.038), p=0.261 (63.6%), 0.098 2 (852, 884) 

HF Tam CYP3A5*3 (or rs776746) G OR=0.734 (0.341, 1.583), p=0.431 (11.2%), 0.324 3 (816, 817, 
867) 

HF Tam XbaI (rs9340799) G HR=1.150 (0.940, 1.406), p=0.174 (84.9%), 0.010 2 (307, 309) 

Severe HF or Worsened 
Vasomotor HRQL 

Exe UGT2B17*2 Gene 
deleti
on 

RR=1.037 (0.964, 1.114), p=0.327 (69.7%), 0.069 2 (866, 883) 

Reproductive System 
& Breast Disorders 

Vaginal Dryness Tam CYP3A5*3 (or rs776746) G OR=1.310 (0.630, 2.727), p=0.470 (66.2%), 0.085 2 (817, 867) 

Vaginal Dryness or 
Bleeding 

Tam SULT1A1*2 (or rs9282861) A OR=0.717 (0.336, 1.531), p=0.390 (48.8%), 0.162 2 (867, 890) 

Psychiatric Disorders Depression Tam CYP3A5*3 (or rs776746) G OR=0.511 (0.272, 0.962), p=0.037 (0.0%), 0.752 2 (817, 867) 

General Disorders Severe Fatigue or Decline 
in Physical HRQL 

Exe UGT2B17*2 Gene 
deleti
on 

RR=1.376 (1.087, 1.743), p=0.008 (59.7%), 0.115 2 (878, 883) 

*Significant associations after multiple testing corrections. Abbreviations: HF=Hot Flushes; VTE=Venous Thromboembolic Events; MS-ADEs=Musculoskeletal ADEs [Muscle pain or 
Arthralgia]; VM-ADEs=Vasomotor ADEs [Hot Flushes/Night Sweats]; HRQL=Physical Health-Related Quality of Life; Tam=tamoxifen; Anas=Anastrozole; Exe=Exemestane; Letr=Letrozole. 
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Figure 4.9 Number of associations in PGx studies of ADEs related to endocrine therapy in breast cancer.
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Figure 4.10 Number of associations in PGx studies of ADEs related to endocrine therapy in breast cancer 
by medication(s) investigated. 

 

Figure 4.11 Number of associations in PGx studies of ADEs related to endocrine therapy in breast cancer 

by treatment modality 

*Selective Estrogen Receptor Modulators (SERMs) included [Tamoxifen], Aromatase Inhibitors (AIs) 
included [Anastrozole; Exemestane; Letrozole] 
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Figure 4.12 Number of studies included in the systematic review of PGx studies of ADEs related to endocrine 

therapy in breast cancer by system organ class. 
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Figure 4.13 Number of associations in PGx studies of ADEs related to endocrine therapy in breast cancer 

by system organ class. 
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Figure 4.14 Number of associations in PGx studies of ADEs related to endocrine therapy in breast cancer 

by country or ethnicity. 
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Figure 4.15 Number of associations in PGx studies of ADEs related to endocrine therapy in breast cancer 
by gene. 
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Figure 4.16 Number of associations by adjustment status for covariates for PGx of ADEs related to endocrine 
therapy in breast cancer. 

*Adjusted or selected matched controls or there were no significant differences between the two groups in 

their clinical variables or none of the clinical variables were significantly associated with phenotype of 
interest. 
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5 Chapter Five. No evidence of Associations of 

Pharmacogenomic Variants with Medically Important 

Adverse Effects Related to Endocrine Therapy in Breast 

Cancer in UK Biobank 

5.1 Abstract 

Background/Aim Previous PGx studies showed that patients carrying specific 

genomic variants are at a higher risk of ADEs associated with endocrine therapy. 

However, associations from these studies need to be replicated and validated to 

develop a more robust body of evidence regarding their potential clinical utility. 

This study sought to assess previously reported associations between variants 

and MIADEs among UKBB patients treated with endocrine agents. 

Materials and methods I assessed previously published associations between 

SNVs and MIADEs related to endocrine therapy in the UKBB female participants 

who reported taking endocrine agents. This was achieved by fitting both a main 

effects model and interaction terms in the regression models. 

Results: There were 2,729 female participants of European ancestry reported 

taking endocrine agents in the UKBB. No significant interactions were found 

between 41 variants and endocrine treatment in relation to either continuous 

measurements or incident MIADEs in women taking endocrine agents in the 

UKBB. 

Conclusion: This data does not support the previously reported PG associations 

of endocrine therapy-induced MIADEs in BC. Based on the current level of 

evidence, PG testing in this context should not be considered for personalised 

recommendations in clinical practice. 

5.2 Introduction 

5.2.1 Successful replication of pharmacogenetic markers may facilitate 

implementation of personalised treatment in BC 

Prior PGx studies investigating the association between genomic variants and 

endocrine therapy-related ADEs in BC patients have exhibited mixed results. 

Further, previous findings have been subjected to substantial heterogeneity and 
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limited by small sample size and sub-optimal methodological rigour. Also, most 

of these studies were cohorts of BC patients with specific BC stages or 

comorbidities. Hence, it is essential to determine the robustness and successfully 

replicate these findings in independent and well-performed large cohorts. Here, I 

conducted an association study for MIADEs associated with endocrine therapy in 

female participants in the UKBB (682). This replication attempt is a step forward 

on whether or not these associations may be considered in clinical settings as a 

means of preventing endocrine therapy-related MIADEs. 

5.3 Aims 

I. To assess whether previously reported associations between SNVs and 

biochemical markers or MIADEs replicate in the UKBB patients treated with 

endocrine agents. 

5.4 Objectives 

I. To construct a list of variants significantly associated with MIADEs related to 

endocrine therapy in BC. 

II. To evaluate and determine the robustness of previously reported positive 

findings between SNVs and MIADEs related to endocrine therapy in BC. 

5.5 Materials and Methods 

5.5.1 Description of Study Population 

The description of the study population and treatment/medication Field ID used 

are detailed in 3.5.3.1. Women who self-reported taking endocrine therapy at the 

baseline assessment for BC treatment or prevention were included. Endocrine 

agents included tamoxifen and 3rd generation AIs (Anastrozole, Exemestane, 

Letrozole). Treatments and medication codes used in this study are listed in 

(Appendix 

Table 5.5 [Appendix]). The key characteristics of study participants (e.g., age, 

BMI, menopausal status) were described. 
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5.5.2 Ascertainment of biomarkers, adverse drug effects and other 

phenotypes 

Having reviewed the literature and extracted relevant information from previously 

published studies, every effort was made to examine MIADEs comparable to 

those reported in the initial papers. This analysis is restricted to MIADEs, which 

are defined as per 2.5.2.2. I performed two distinctive analyses to examine the 

MIADEs, the first using baseline measurement data alone and the second 

utilising data from baseline assessment along with that from follow-up visits 

and/or updated HES.  

Details about the ascertainment of ADEs, diagnoses and other phenotypes are 

available in 3.5.3.2. Data Field IDs and codes used for the biomarkers, incident 

phenotypic endpoints of interest (i.e. MIADEs after initiation of endocrine therapy) 

and other phenotypes used as covariates are detailed in (Table 5.6 & Table 5.7 

[Appendix]). 

Menopausal status at the baseline UKBB visit was determined based on self-

reported mode of menopause and menstrual history. Women who self-reported 

to have regular menses were defined as premenopausal and those who had 

natural menopause or induced menopause due to surgery (i.e. hysterectomy or 

bilateral oophorectomy) were defined as postmenopausal. This resulted in three 

categories: premenopausal women, postmenopausal women and those with 

undefined mode of menopause. 

5.5.3 SNVs selection and genotyping 

SNVs previously described and reported to be significantly associated with 

MIADEs related to endocrine therapy were selected to be subsequently 

interrogated in the UKBB. I utilised microarray data produced in the UKBB (682). 

The direct genotyping dataset underwent stringent quality control (683) and the 

SNVs I extracted from the imputed data (682) were all imputed with high 

confidence >99%. 

5.5.4 Statistical methods and data analysis 

In an attempt at replication, regression analyses were performed to test the 

associations between variants and MIADEs as per how they were reported in the 
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initial papers. I fitted a main effects model for the risk of MIADEs into the 

multivariate regression models. In addition, I conducted the statistical analyses 

by fitting interaction terms into the multivariate regression models to test the 

interaction between endocrine treatment and genotypes. Associations between 

SNVs and the relevant biochemical markers (continuous variables) and incident 

MIADEs (discrete variables) were analysed using multivariate linear and logistic 

regression models, respectively. More details about the statistical methods 

employed are available at 3.5.4.2. The regress and logistic commands were used 

to conduct the linear and logistic regression analyses, respectively. If applicable, 

analyses were stratified by menopausal status as per the initial studies. 

5.5.5 Ethical approval 

Information on the ethical approval for this study can be found at 3.5.5. 

5.6 Results 

5.6.1 I identified twenty-four previously published studies 

Having reviewed the literature, I identified 24 previously published studies (307, 

308, 847, 848, 853, 855, 857–859, 862, 865, 867, 815, 870, 872, 886, 890, 821, 

822, 825, 829, 840, 841, 844) which had investigated the PGx of endocrine 

therapy related MIADEs (Table 5.1). Studies included in this analysis were 

grouped by system organ class, treatment modality, number of SNVs and related 

MIADEs (Table 5.2). Musculoskeletal and reproductive MIADEs were the most 

analysed outcomes being investigated by 42% and 21% of studies, respectively 

(Figure 5.3 [Appendix]).
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Table 5.1 Main characteristics of the studies included in this analysis 

Study first 

Author & Reference 

 

Year 

 

Drug(s) 

 

Genes 

SNV ID or 

Alternate 

names 

Adverse Drug Event 

or Parameter 

Menopausal 

status 

 

Sample 

Study size/ Ethnicity 

or Country 

 

Study type 

 

Al-Mamun (867) 

 

2017 

 

Tamoxifen 

UGT2B7 

CYP2D6 

UGT2B7*2 

CYP2D6*4 

CYP2D6*10 

 

Depression 

Pre-, peri- and 

postmenopausal 

 

Blood 

 

(N=388), Bangladesh 

 

Cohort 

Argalacsova (870) 2017 Tamoxifen ABCB1 rs1045642 Endometrial 

hyperplasia or cancer 

Pre- and 

postmenopausal 

Blood (N=258), Czech 

Republic 

Cohort 

 

Baatjes (886) 

 

2020 

Anastrozole; 

Exemestane; 

Letrozole 

 

CYP19A1 

 

rs10046 

Bone loss (bone 

mineral density) at 

total hip, lumbar spine 

 

Postmenopausal 

 

Blood 

 

(N=72), South Africa 

Nested study 

within a 

prospective 

cohort 

Chu (821) 2007 Tamoxifen CYP3A4 CYP3A4*1B Endometrial cancer Pre- and 

postmenopausal 

Blood (N=126) (cases=63; 

controls=63), 

European 

Case/control 

Dieudonné (853) 2014 Tamoxifen CYP2D6 rs3892097 Double endometrial 

thickness/Hyperplasia 

Postmenopausal Blood (N=184), Belgium Cohort 

 

Garber (829) 

 

2010 

 

Tamoxifen 

 

F5 

 

rs6025 

 

Thromboembolic 

events 

Pre-, peri- and 

postmenopausal 

 

Blood 

(N=412) (cases=141; 

controls=271), United 

States (mixed) 

 

Case/control 

Hartmaier (840) 2012 Tamoxifen NCOA1 rs1804645 Bone loss (bone 

mineral density) at 

lumbar spine 

Pre-, peri- and 

postmenopausal 

Blood (N=111), Mostly 

Caucasian 

Substudy of 

prospective 

observational 

cohort 

 

 

 

Koukouras (841) 

 

 

 

2012 

Anastrozole; 

Exemestane; 

Letrozole 

ESR1 XbaI 

(rs9340799) 

 

Endometrial thickness 

 

Postmenopausal 

 

Blood 

(cases=87; 

controls=80) 

Prospective 

case-control 

study 

Anastrozole; 

Exemestane; 

Letrozole 

ESR1 XbaI 

(rs9340799) 

PvuII 

(rs2234693) 

LDL serum levels, 

Triglycerides serum 

levels 
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Kovac (855) 2015 Tamoxifen F5 rs6025 Venous 

thromboembolism 

Pre- and 

postmenopausal 

Blood (N=150) (cases=50; 

controls=100), Serbia 

Prospective 

case-control 

study 

 

Leyland-Jones [2] 

(307) 

 

2015 

 

Letrozole 

ESR1 

ESR2 

rs2077647 

rs4986938 

Grade 3-4 

osteoporosis or bone 

fractures 

 

Postmenopausal 

FFPE 

primary 

breast 

cancer 

tissue # 

(N=1940) 

[Predominantly 

European Caucasian 

population] 

Post-hoc of 

randomised, 

double-blind 

phase III trial 

 

 

Leyland-Jones [1] 

(308) 

 

 

2015 

 

Tamoxifen 

 

CYP19A1 

 

rs4646 

 

 

Grade 3-4 

osteoporosis or bone 

fractures 

 

 

Postmenopausal 

 

FFPE 

primary 

breast 

cancer 

tissue # 

(N=4580) patients on 

tamoxifen and/or 

letrozole 

[Predominantly 

European Caucasian 

population] 

Post-hoc of 

randomised, 

double-blind trial  

Letrozole 

 

CYP19A1 

 

rs936308 

 

Mazzuca (865) 

 

2016 

 

Anastrozole; 

Letrozole 

 

CYP19A1 

 

rs4646 

Osteoporosis (bone 

mineral density) at 

lumbar spine and 

proximal femur 

 

Postmenopausal 

 

Blood 

 

(N=45), Italy 

 

Retrospective 

cohort 

Miranda (890) 2021 Tamoxifen CYP3A5 

CYP3A5 

CYP3A5*3 Endometrial 

hyperplasia 

Pre- and 

postmenopausal 

Blood (N=162), Chilean Retrospective 

case-control 

study 

 

Napoli (844) 

 

2013 

Anastrozole; 

Exemestane; 

Letrozole 

 

CYP19A1 

 

rs700518 

Bone loss (bone 

mineral density) at 

spine, hip and femur 

 

Postmenopausal 

 

Blood 

(N=97), United States Longitudinal 

prospective 

observational 

study 

 

Ntukidem (822) 

 

2008 

Tamoxifen ESR1 

ESR2 

XbaI 

(rs9340799) 

ER-β 

(rs4986938) 

Total cholesterol, 

Triglycerides, HDL-

cholesterol, LDL-

cholesterol 

 

Postmenopausal 

 

Blood 

 

(N=134), 92% 

Caucasians 

 

Substudy of 

prospective 

observational 

cohort 

 

 

Oesterreich (857) 

 

 

2015 

 

 

Letrozole; 

Exemestane 

 

CYP19A1 

ESR1 

ESR2 

rs6493497 

rs4870061 

rs9322335 

rs10140457 

 

 

Bone loss [T score at 

the spine or hip] 

 

 

Postmenopausal 

 

 

Blood 

(N=123 on letrozole; 

N=101 on 

exemestane), United 

States 
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HTR2A rs3742278 

rs2813543 

Post-hoc of 

prospective 

randomised trial 

Ohnishi (815) 2005 Tamoxifen CYP17 rs743572 Hepatic steatosis Pre- and 

postmenopausal 

Blood (N=180), Japan Cohort 

 

Onitilo (825) 

 

2009 

Tamoxifen ESR1 XbaI 

(rs9340799) 

Venous 

thromboembolism 

[DVT/PE] 

N/R Blood (N=219), white 

females, United 

States 

Population-based 

cohort study 

 

Rodríguez-Sanz (858) 

 

2015 

Anastrozole; 

Exemestane; 

Letrozole 

CYP11A1 rs4077581 

rs11632698 

rs900798 

Bone loss (bone 

mineral density) at 

femoral neck 

 

Postmenopausal 

 

Blood 

 

(N= 307), Spain 

Prospective, 

observational, 

clinical cohort 

study 

 

 

 

 

Santa-Maria (862) 

 

 

 

 

2016 

 

 

 

 

Letrozole 

 

 

 

 

CYP19A1 

rs1062033 

rs1008805 

rs10046 

rs2289105 

rs3759811 

rs700518 

rs4775936 

rs749292 

rs4646 

rs1008805 

 

 

 

 

HDL, Triglycerides 

 

 

 

 

Postmenopausal 

 

 

 

 

Blood 

 

 

 

(N=303), United 

States 

 

 

Sub-analysis of a 

prospective 

multicenter 

randomised 

observational 

open-label trial 

 

Wang (848) 

 

2013 

Anastrozole; 

Letrozole 

 

ESR1 

rs2234693 

rs9340799 

Grade ≥2 MS-ADEs  

Postmenopausal 

 

Blood 

(N=436) (cases=206; 

controls=230), East 

Asian 

 

Case/control 

 

 

 

Wang (859) 

 

 

 

2015 

Anastrozole; 

Letrozole 

OPG 

RANKL 

rs2073618 

rs7984870 

Lumbar spine T-score 

or bone loss (bone 

mineral density) at 

lumbar spine 

 

Postmenopausal 

 

Blood 

(cases=208; controls= 

212), East Asian 

 

Case/control 

Anastrozole; 

Letrozole 

OPG 

RANKL 

rs2073618 

rs7984870 

Grade ≥3 MS-ADEs  

Postmenopausal 

 

Blood 

(cases=208; controls= 

212), East Asian 

 

Case/control 

 

Weng (847) 

 

2013 

Tamoxifen E2F7 

PTCSC2 

rs310786 

rs10983920 

rs9862879 

Bone loss (bone 

mineral density) at 

spine and hip 

 

Pre-, peri- and 

postmenopausal 

 

Blood 

(N=245) 

European/Caucasian 

Post-hoc of 

open-label, 
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POLQ 

SLC22A23 

rs4959825 prospective 

observational trial 

Wickramage (872) 2017 Tamoxifen CYP2D6 CYP2D6*41 Fatty liver Pre- and 

postmenopausal 

Blood (N=24), Sri Lanka Retrospective 

cohort 

# FFPE: Formalin-fixed, paraffin-embedded 

Table 5.2 Studies included in this analysis grouped by system organ class, treatment modality, number of SNVs and related MIADEs 

System Organ Class Endocrine agent & SNVs (n) Adverse Effects Studies (n) Reference. 

Musculoskeletal Disorders Tamoxifen (n=7), 

Aromatase Inhibitors (n=18) 

BMD*, T-score*, Bone fractures, Osteoporosis*, MS-ADEs (n=10) (308, 840, 844, 847, 

848, 857–859, 865, 

886) 

Metabolism Disorders Tamoxifen (n=2), 

Aromatase Inhibitors (n=11) 

Hypercholesterolaemia*, Hypertriglyceridaemia* (n=3) (822, 841, 862) 

Hepatobiliary Disorders Tamoxifen (n=4) Hepatosteatosis (n=2) (815, 872) 

Vascular Disorders Tamoxifen (n=3) Thromboembolic events (incl. DVT, PE) (n=3) (825, 829, 855) 

Reproductive System Disorders Tamoxifen (n=4), 

Aromatase Inhibitors (n=1) 

Endometrial cancer, 

Endometrial Hyperplasia 

(n=5) (821, 841, 853, 870, 

890) 

Psychiatric Disorders Tamoxifen (n=3) Depression (n=1) (867) 

 

* Continuous measurements or binary outcomes derived from baseline measurements. 
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5.6.2 I examined 41 previously reported variants 

A total of 41 SNVs in 19 genes were analysed. Of these variants, 44% (n=18) 

were directly genotyped and 56% (n=23) were imputed. Minor allele frequency 

(MAF) ranged from (0.01-0.49) (Table 5.3). The SNVs in CYP19A1 and ESR1 

were the most analysed variants (Figure 5.4 [Appendix]).
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Table 5.3 The genomic variants analysed including frequencies of reference and minor alleles. 

Gene SNV ID Variant 

type/Consequenc

e 

Directly 

genotyped or 

Imputed 

Imputatio

n Score 

R2*  

Chromosome 

number 

Position allele 

1 

allele 

2 

Minor 

Allele 

UKBB 

MAF UKBB 

(Unrelated 

Europeans) 

 

 

 

 

 

CYP19A1 

rs10046 3 Prime UTR Genotyped N/A 15 51502986 G A G 0.47 

rs1008805 Intronic Imputed 0.990 15 51549599 G A G 0.42 

rs1062033 Intronic Imputed 0.991 15 51547938 C G G 0.46 

rs3759811 Intronic Imputed 1 15 51529265 T C T 0.49 

rs4646 3 Prime UTR Genotyped N/A 15 51502844 A C A 0.26 

rs4775936 Intronic Imputed 0.996 15 51536022 C T T 0.48 

rs2289105 Intronic Imputed 0.997 15 51507508 T C T 0.47 

rs6493497 Upstream Genotyped N/A 15 51630835 G A A 0.12 

rs700518 Synonymous Genotyped N/A 15 51529112 T C T 0.49 

rs936308 Intronic Imputed 0.994 15 51581074 C G G 0.14 

rs749292 Intronic Imputed 0.997 15 51558731 G A A 0.45 

 

CYP11A1 

rs4077581 Promoter Imputed 1 15 74665514 C T C 0.30 

rs11632698 Intronic Imputed 0.998 15 74637867 A G A 0.38 

rs900798 3 Prime UTR Imputed 0.995 15 74629070 T G T 0.31 

 

 

CYP2D6 

rs1065852 Missense Imputed 0.994 22 42526694 G A A 0.22 

rs1080985 Upstream Imputed 0.991 22 42528382 C G C 0.23 

rs16947 Missense Imputed 0.997 22 42523943 A G A 0.33 

rs3892097 Splice Acceptor Imputed 0.992 22 42524947 C T T 0.21 

rs28371725 Intronic Imputed 0.989 22 42523805 C T T 0.10 

 

 

 

ESR1 

rs9322335 Intronic Imputed 0.977 6 152200129 T C T 0.26 

rs9340799 

(XbaI) 

Intronic Genotyped N/A 6 152163381 A G G 0.35 

rs2077647 Synonymous Genotyped N/A 6 152129077 T C C 0.48 

rs2234693 

(PvuII) 

Intronic Genotyped N/A 6 152163335 T C C 0.46 

rs2813543 Intronic Imputed 0.957 6 152424478 A G A 0.23 

rs4870061 Intronic Imputed 0.997 6 152237468 T C T 0.25 

 rs10140457 Intronic Imputed 0.994 14 64716693 A C C 0.02 
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*R2 is the squared correlation between input genotypes and imputed dosages (i.e., true and inferred genotypes).

ESR2 rs4986938 Non-coding Genotyped N/A 14 64699816 C T T 0.38 

 

F2 

rs1799963 (F2 

FII G20210A) 

3 Prime UTR Imputed 0.950 11 46761055 G A A 0.01 

F5 rs6025 (FVL) Missense Genotyped N/A 1 169519049 T C T 0.02 

CYP17A1 rs743572 5 Prime UTR Genotyped N/A 10 104597152 A G G 0.38 

CYP3A4 rs2740574 Upstream Genotyped N/A 7 99382096 C T C 0.03 

CYP3A5 rs776746 Splice Acceptor Genotyped N/A 7 99270539 C T T 0.07 

TNFRSF11

B 

rs2073618 Missense Genotyped N/A 8 119964052 G C C 0.45 

TNFSF11 rs7984870 Intronic Imputed 0.997 13 43146482 G C C 0.45 

PTCSC2 rs10983920 Intronic Imputed 0.997 9 100602613 C A A 0.12 

NCOA1 rs1804645 Missense Genotyped N/A 2 24974958 C T T 0.03 

E2F7 rs310786 Intronic Genotyped N/A 12 77436148 C T C 0.14 

ABCB1 rs1045642 Missense Genotyped N/A 7 87138645 A G G 0.46 

SLC22A23 rs4959825 Intronic Imputed 0.988 6 3412240 T C T 0.31 

UGT2B7 rs7439366 Missense Genotyped N/A 4 69964338 T C C 0.46 

POLQ rs9862879 Downstream Genotyped N/A 3 121149009 C T T 0.12 
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5.6.3 There were 2,729 female participants taking endocrine therapy 

Two thousand seven hundred and twenty-nine female participants of European 

ancestry in the UKBB were taking endocrine agents considered for analysis 

(mean age=59.2 years; SD=7; 95%CI: 40.2 to 70.8 years). Of these, 1,195 were 

taking Tamoxifen and 1,544 were receiving AIs (Figure 5.1). The key 

characteristics of the UKBB female participants on endocrine therapy included in 

this analysis are summarised in (Table 5.4). 

 

Figure 5.1 The UK Biobank cohort who reported taking endocrine agents. 

A flow chart demonstrating the number of UKBB female participants with sufficient genomic and treatment 
data included in the analyses. 
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Table 5.4 Characteristics of the UK Biobank female participants taking endocrine agents. 

 Treatment Endocrine therapy Rest of UKBB female Participants 

 

Main 

characteristics 

Menopausal Status Premenopausal 

(n=330) 

Postmenopausal 

(n=2,077) 

Other 

(n=322) 

Total 

(n=2,729 ) 

Premenopausal 

(n=55,819 ) 

Postmenopausal 

(n=132,736) 

Other 

(n=19,164) 

Total 

(n=207,719) 

Age (years) Mean (SD) 49.6 (5.1) 60.2 (6.2) 62.7 (5.1) 59.2 (7) 47.4 (4.5) 60.2 (5.7) 62.6 (5.2) 57 (7.9) 

BMI (kg/m2) Mean (SD) 25.7 (4.4) 27.4 (4.9) 27.7 (5.1) 27.2 (4.9) 26.4 (5.3) 27.1 (5) 27.6 (5.2) 27 (5.1) 

 

 

Continuous 

outcomes 

Bone Mineral Density 

(g/cm2) Mean (SD) 

0.51 (0.11) 0.49 (0.11) 0.48 (0.1) 0.49 (0.11) 0.55 (0.12) 0.5 (0.12) 0.5 (0.12) 0.52 (0.12) 

T-score Mean (SD) -0.58 (0.97) -0.83 (1.02) -0.96 (0.88) -0.82 (1) -0.24 (1.04) -0.68 (1.06) -0.73 

(1.06) 

-0.57 (1.07) 

Total cholesterol [mmol/L] 

Mean (SD) 

5.3(1.03) 5.81 (1.12) 5.89 (1.19) 5.76 (1.13) 5.45 (0.97) 6.07 (1.13) 6 (1.17) 5.9 (1.12) 

Triglycerides [mmol/L] 

Mean (SD) 

1.53 (0.92) 1.77 (0.97) 1.84 (1.02) 1.75 (0.98) 1.3 (0.74) 1.64 (0.87) 1.7 (0.88) 1.55 (0.85) 

LDL [mmol/L] Mean (SD) 3.13 (0.79) 3.57 (0.87) 3.61 (0.92) 3.52 (0.88) 3.33 (0.76) 3.76 (0.87) 3.71 (0.91) 3.64 (0.87) 

HDL [mmol/L] Mean (SD) 1.59 (0.39) 1.57 (0.37) 1.55 (0.39) 1.57 (0.38) 1.56 (0.36) 1.62 (0.38) 1.59 (0.39) 1.6 (0.38) 

 

 

 

Binary 

outcomes 

Osteoporosis [n (%)] 4 (1.31) 56 (3.03) 2 (0.7) 62 (2.54) 177 (0.36) 2,452 (2.06) 442 (2.58) 3,071 (1.65) 

Bone fractures [n (%)] 31 (9.84) 138 (7.04) 34 (11.22) 203 (7.88) 1,935 (3.59) 8,727 (6.92) 1,577 

(8.71) 

12,239 

(6.17) 

MS-ADEs [n (%)] 0 (0) 2 (0.1) 1 (0.31) 3 (0.11) 21 (0.04) 115 (0.09) 17 (0.09) 153 (0.07) 

Hepatosteatosis [n (%)] 4 (1.21) 49 (2.37) 5 (1.56) 58 (2.13) 542 (0.97) 2,113 (1.6) 390 (2.04) 3,045 (1.47) 

Thromboembolic events [n 

(%)] 

7 (2.16) 70 (3.54) 22 (7.33) 99 (3.8) 502 (0.91) 2,871 (2.24) 528 (2.86) 3,901 (1.93) 

Venous thromboembolism 

(DVT/PE) [n (%)] 

6 (1.85) 48 (2.42) 12 (3.99) 66 (2.53) 311 (0.57) 1,706 (1.33) 288 (1.55) 2,305 (1.14) 

Endometrial cancer [n (%)] 4 (1.21) 27 (1.3) 4 (1.25) 35 (1.29) 183 (0.33) 784 (0.59) 109 (0.57) 1,076 (0.52) 

Endometrial hyperplasia [n 

(%)] 

10 (3.05) 8 (0.39) 1 (0.31) 19 (0.7) 203 (0.36) 241 (0.18) 45 (0.24) 489 (0.24) 

Depression [n (%)] 14 (4.62) 84 (4.41) 19 (6.83) 117 (4.7) 1,934 (3.78) 4,808 (3.91) 1,003 

(5.77) 

7,745 (4.04) 

*Values are presented as Mean (SD) [Range Min-max] or [Number of cases (%)] 
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5.6.4 No significant genotype-treatment interactions either for continuous 

outcomes or incident ADEs were found 

I performed 97 regression analyses including 46 and 51 for continuous and binary 

outcomes, respectively. This was achieved by fitting a main effects model 

including both adjusted and unadjusted models in pre-, post- or peri-menopausal 

women as per how they were reported in the initial papers. Similar numbers of 

regression analyses were performed by fitting interaction terms into the 

multivariate regression models to test the interaction between endocrine 

treatment and genotypes (Figure 5.2). The corrected critical p-value is 5.15E-4. 

For the continuous outcomes, the genetic association analysis using the main 

effects model showed that postmenopausal women taking AIs and carrying 

CYP19A1 rs700518 may have reduced BMD under recessive mode of 

inheritance (β coefficient, 95%CI, P: -0.003 (-0.005, -0.002), 4.54E-06). No other 

statistically significant associations between the SNVs analysed and continuous 

outcomes were observed in the main effects model. However, this association 

between and CYP19A1 rs700518 and reduced BMD in postmenopausal women 

taking AIs was not statistically significant in the interaction model (P=5.5E-01). 

No statistically significant interactions between endocrine treatment and mutation 

status in relation to the continuous outcomes were found. 

For the binary outcomes, the genetic association analysis using the main effects 

model showed that only five (10%) out of 51 regression analyses were statistically 

significant. Notably, for all of these five associations, the estimates in the initial 

studies reporting the associations were markedly overestimated and inflated 

compared to the estimates observed in this replication attempt. This observation 

was entirely consistent with the “winner's curse” phenomenon. None of the 

interactions between treatment and mutation status in relation to the binary 

outcomes was statistically significant. 

All association analyses for both continuous and discrete outcomes analysed in 

this study including both the main effects and interaction terms models are shown 

in the Supplementary Excel file S5 & S6. 
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Figure 5.2 The main results from the UK Biobank analysis of PGx of endocrine therapy-related MIADEs. 

Associations between previously reported SNVs and MIADEs related to endocrine therapy were tested in 
the UKBB participants. No statistically significant interactions between treatment and mutation status for the 
risk of MIADEs for any of the variants analysed were observed. 

 

5.7 Discussion 

5.7.1 No significant genotype-treatment interactions either for continuous 

measurements or incident MIADEs were observed 

Previous studies have reported associations between various SNVs and 

endocrine therapy-related toxicities in BC patients. Replication or refutation of 

these associations in independent populations helps establish their credibility and 

usefulness for personalised recommendations in BC. However, none of the 

previously reported associations between SNVs and endocrine therapy-induced 

MIADEs were replicated in this large investigation neither for continuous 

measurements nor for incident MIADEs. Hence, the current evidence regarding 

the potential use of PGx for endocrine therapy-related MIADEs in BC is 

inconsistent at best and their clinical usefulness is lacking. Whilst additional 

evaluation in other datasets may be suggested, such further research is very 

unlikely to have an important impact on the confidence in the parameter estimates 

observed in this study. 

5.7.2 These results are in line with the level of evidence in PharmGKB 

While findings from this study are at variance with the initial studies, they are in 

agreement with the PharmGKB level of evidence (Level 3) assigned to the clinical 

annotations related to these SNVs in Feb 2022 (927). Of 4,939 clinical 

annotations in PharmGKB relating to the toxicity phenotype category, only 26 

were related to endocrine therapy-associated toxicities, all had level 3 of 
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supporting evidence (Figure 5.5 [Appendix]). This low level of evidence indicates 

that none of these associations have been successfully and consistently 

replicated across studies. In line with this investigation, numerous studies did not 

observe any significant associations between SNVs and various ADEs in BC 

patients receiving endocrine therapy (814, 816, 831, 832, 835–837, 843, 845, 

849, 851, 864, 817, 866, 868, 873, 874, 876, 879–881, 887, 889, 818, 892, 894, 

819, 820, 824, 826, 828, 830). Likewise, several studies did not observe any 

significant associations between SNVs and various ADEs in BC patients 

receiving endocrine therapy despite examining multiple SNVs and various ADEs 

(817, 819, 830, 832, 880, 881, 892), or found only a few significant associations 

despite the large number of tests conducted (307, 309, 883, 884, 891, 310, 833, 

838, 852, 853, 861, 865, 877). 

This study, combined with the discrepant results from the above-cited PG reports, 

does not support previously reported PG associations in this context, suggesting 

potential false positive findings. It seems certain that fewer studies with 

statistically non-significant or inconclusive results are published compared to 

reports with positive findings or studies with interventions of a profitable or 

commercial value (123, 124). 

5.7.3 The majority of included studies did not account for genotype-

treatment interaction effects 

The differences between results from this investigation and findings from the 

initial studies were noticeable and much larger than can be explained by random 

variation or residual stratification, which are unlikely to affect the replication of 

individual associations in this study. Unlike this investigation, authors of the 

overwhelming majority of the initial studies failed to account for interaction effects 

between the genotypes and treatment. Having assessed the frequency of the 

failure to consider potential interaction effects in the analyses performed by 

authors of initial studies, only three of the initial studies (12.5%) used interaction 

effects models appropriately (Table 5.8 [Appendix]). This is comparable to what I 

found in the systematic review of PGx of endocrine therapy-related toxicities, in 

which only 15% of studies used genotype-treatment interactions in their analyses. 

This study demonstrated that the majority of published literature on PGx of 

endocrine therapy-related toxicities that utilised multivariable regression models 

have not mentioned anything related to testing for statistical interactions, effect 
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modification, or heterogeneity of effect. Interaction effects are usually tested via 

multivariable regression models, but they can be also performed with a likelihood 

ratio test or the Wald chi-squared test. Caution should be exercised in the 

interpretation of results from associations reported by researchers who have not 

accounted for such interactions (912).  

Interaction effects help reduce bias in estimated regression coefficients and 

improve the inferences for the coefficient estimates, provided that the effects are 

synergic or interactive. To minimise bias and misinterpretation of findings and 

avoid erroneous clinical interventions with potentially adverse consequences, 

incorporation of interaction terms is therefore essential. Following best practices, 

which recommend the incorporation of interactions in statistical models (913, 

914), an interaction between the genotypes and endocrine treatment was fitted 

in the regression models performed in this analysis.  

5.7.4 Most included studies did not adjust for relevant covariates or 

correct for multiplicity 

This study endeavoured to replicate previously reported associations and adjust 

for covariates as per the initial studies, if applicable. Yet, many authors of the 

initial studies failed to adjust for well-documented patient risk covariates or were 

not clear if their analyses were adjusted for any covariates. There was also some 

inconsistency among researchers as for which covariates needed to be adjusted, 

even when the toxicity outcomes were the same. 

Further, many of the included studies did not correct for multiplicity despite the 

considerable number of statistical comparisons conducted in their analyses, 

which increases the likelihood of false positive findings. Failure to apply 

multiplicity corrections can amplify the probability of falsely rejecting a true null 

hypothesis yielding spurious conclusions (928). Multiple endpoints can also 

adversely impact publication bias and that failure to use multiplicity corrections 

can enhance publication bias. Thus, investigators should pay serious attention to 

this phenomenon in their research. Having considered the ramifications of the 

multiplicity issue (126), I decided a priori to adjust the P-value using the 

Bonferroni correction procedure as recommended in statistical practice (195). 

This provides a reasonable balance between the control of false positives (i.e., a 

higher threshold) and false negatives (i.e., a lower threshold) (910, 911). 
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5.7.5 There was a notable non-significant association that warrants further 

investigation 

Although not significant, this study found an indicative association between FVL 

and venous thromboembolism. FVL genetic variant was associated with an 

increased likelihood of both venous thromboembolism and thromboembolic 

events in tamoxifen-treated patients. This association persisted even after 

including relevant patient-related risk factors in the multivariable regression 

model and in pre-, postmenopausal and the whole cohort of tamoxifen-treated 

women in both adjusted and unadjusted models. Thus, FVL mutation may 

warrant further investigation regarding venous thromboembolism in tamoxifen-

treated patients. 

5.7.6 Strengths and limitations 

This study has many strengths. First, the population-based nature of the UKBB 

makes the sample of female participants receiving endocrine treatment more 

representative of the whole female population and helps minimise selection bias 

risk, which is intrinsically inherent in data derived from clinical trials. Second, this 

study used longitudinal data including follow-up visits and HES data that is 

significantly longer than the initial studies. The relatively short follow-up periods 

observed in many of the studies included can additionally hamper the observation 

of some MIADEs in such small studies. Third, this study is the largest population-

based study of PGx of endocrine therapy-related toxicities using germline DNA. 

All previous investigations were smaller than this study, except a large analysis 

that performed genotyping on FFPE tumour tissue rather than germline DNA 

(308). Unlike germline DNA, using FFPE tumour tissue to determine germline 

genotype or detect low-frequency alleles, particularly in some genomic regions 

(e.g., CYP2D6 gene), may result in inaccuracies as a result of somatic 

chromosomal abnormalities that exist in tumour tissue samples (929). The large 

sample size in my study made it possible to capture specific MIADE outcomes, 

particularly in those who carry a genetic variant in a recessive mode of 

inheritance. The small sample size, which is observed in many of the initial 

studies, can diminish the statistical power to analyse some toxicity outcomes 

conferred by variants with MAF of <5% and is a possible source of false-positive 

findings. Fourth, this study investigated MIADEs which are considered medically 
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serious events and may result in hospital admission or need intervention or 

treatment in an emergency room to prevent serious outcomes. MIADEs are 

expected to be very well recorded particularly in HES data or reported during 

subsequent visits to the UKBB centres. This helps minimise the underestimation 

of ADE outcomes observed in population-based studies due to the absence of or 

omissions in individual patient data. 

There are, however, a few points that should be considered. First, this analysis 

is performed in the UKBB participants with genetically determined European 

Ancestry and findings from this study may therefore not be generalisable to other 

non-Caucasian populations. Second, since the UKBB cohort is considered 

healthier than the general population (930), individuals in the UKBB who carry 

risk variants might be healthier on average than the carriers in the general 

population or other cohorts, which may mitigate the expected PG effects. 

Nonetheless, genetic variants are inherited at birth and the UKBB participants 

were not informed whether they carry particular genetic variants therefore my 

findings are less confounded compared to results from conventional clinical trials 

(931). Third, some genomic variants occur almost exclusively in a particular 

population and therefore some relatively rare outcome measures were not 

adequately detected due to the small number of patients on endocrine agents 

and carrying such variants with low MAF frequencies in the UKBB. Fourth, while 

including primary care prescribing data in the UKBB can be useful, this data was 

only available for a proportion of the UKBB participants at the time I performed 

the analyses. 

5.7.7 Potential implications for practice and research 

This large investigation demonstrated that the evidence base surrounding the 

potential use of PGx in the context of MIADEs induced by endocrine therapy in 

BC is lacking or tenuous at best. None of the previously reported SNVs was 

robustly replicated to be considered for personalised recommendations in clinical 

practice as they may simply be false positive findings. This is crucial as many of 

the SNVs analysed in this study are included in PGx databases or reported 

individually in the literature as potential genetic markers of endocrine therapy-

related MIADEs in BC, which may subsequently be used by HCPs in treatment 

decision-making processes. To manage endocrine therapy-related MIADEs in 
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BC and mitigate the potential toxicity-related non-adherence, other interventions 

may therefore need to be considered. 

The non-replication observed in this study has the potential to inform 

policymakers about decisions they might make with regard to what research 

programmes should be prioritised for funding. Since BC and endocrine therapy 

are well-studied fields, my results have the potential to improve the overall 

research and development of the PGx field. Besides, this evidence supports the 

rationale of robust replication of previously published PG variants in cohorts with 

large sample sizes before any consideration or attempt to translate these variants 

into clinical practice (932). 

Further, this study underscores the importance of adherence to best 

methodological practices including multiplicity correction procedures and the use 

of reliable statistical models such as the inclusion of interaction terms in PGx 

studies to minimise bias in coefficient estimates and avoid erroneous 

interpretations of PG effects. 

5.8 Conclusions 

This is the largest cohort study aimed at replicating multiple associations between 

SNVs previously reported to be significantly associated with endocrine therapy-

induced MIADEs in BC. This investigation showed that none of the SNVs 

analysed were replicated and the current level of evidence regarding their 

predictive value and usefulness is therefore lacking. Hence, PG tests in this 

context should not be considered for personalised recommendations in clinical 

practice. An urgent need exists for genetic or non-genetic safety biomarkers that 

facilitate the prediction of endocrine therapy-induced MIADEs. Comprehensive 

approaches such as GWA studies using data from large clinical studies with 

sufficient follow-up periods and diverse populations have the potential to identify 

novel associations. 
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5.9 Appendix 

Table 5.5 Endocrine agents and other medications codes used in the UK Biobank analysis. 

 
Treatment 
modality 

Generic name Brand names Codes 

 
 

Endocrine 
Therapy 

Tamoxifen TAMOXIFEN, EMBLON, 
NOLTAM, NOLVADEX, 
Soltamox, tamofen 

1140870164, 1140870182, 
1140858348, 1140870170, 
1140870176, 1141170264 

Letrozole LETROZOLE, FEMARA 1141145896, 1141145900 

Anastrozole ANASTROZOLE, 
ARIMIDEX 

1140923018, 1140923022 

Exemestane EXEMESTANE, 
AROMASIN 

1141171100, 1141171104 

 
 
 
 

Bone 
Antiresorptiv
e Therapy 

Alendronate sodium Fosamax, Binosto, 
Fosavance, Bentexo  

1140922174, 1141176570 

Ibandronic acid Bondronat, Iasibon, 
Bonviva, Quodixor  

1141180314, 1141190534 

Pamidronate disodium   1140868784 

Risedronate sodium Actonel 1141175684, 1141175690 

Zoledronic acid Zometa, Aclasta, Zerlinda 1141173814 

Teriparatide Forsteo, Movymia, Terrosa 1141188794, 1141188798 

Raloxifene  Evista 1141168574, 1141168578 

Denosumab Prolia, Xgeva N/A 

Romosozumab Evenity N/A 

 
 
 
 
 
 
 
 

Lipid-
lowering 
Therapy 

Lipid-lowering drug (generic)   1140861922 

Simvastatin Zocor, zocor heart-pro, 
INEGY 

1140861958, 1140881748, 
1141200040 

Pravastatin  Lipostat 1140888648, 1140861970 

Rosuvastatin Crestor 1141192410, 1141192414 

Fluvastatin Lescol 1140888594, 1140864592 

Atorvastatin Lipitor 1141146234, 1141146138 

Ezetimibe Ezetrol 1141192736, 1141192740  

Acipimox Olbetam 1140861892, 1140861894 

Bezafibrate/Bezafibrate product Bezalip, Fibrazate 1140861924, 1141157260, 
1141201306, 1140861926, 
1140861928 

Ciprofibrate   1140862026 

Fenofibrate Supralip, Lipantil 1140861954, 1141172214, 
1141162544 

Gemfibrozil/Gemfibrozil product Lopid 1140861856, 1141157262, 
1140861858 

Colestipol Colestid 1140888590, 1140861848 

Cholestyramine/Cholestyramine 
product 

Questran 1140909780, 1141180722, 
1141180734, 1140861936 

Clofibrate   1140861944 

Table 5.6 Ascertainment of biomarkers and other phenotypes. 

Biomarkers at the baseline 

Description Data-
Field 

Items of 
Data/Participants 

Units of 
measurement 

Measurement method 

Cholesterol 30690 487,377/470,756 mmol/L Measured by CHO-POD analysis 
on a Beckman Coulter AU5800 

HDL cholesterol 30760 429,793/429,793 mmol/L Measured by enzyme 
immunoinhibition analysis on a 

Beckman Coulter AU5800 

Triglycerides 30870 486,969/470,386 mmol/L Measured by GPO-POD analysis 
on a Beckman Coulter AU5800 

LDL direct 30780 486,454/469,918 mmol/L Measured by enzymatic protective 
selection analysis on a Beckman 

Coulter AU5800 
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Oestradiol 30800 78,509/77,688 pmol/L Measured by two-step competitive 
analysis on a Beckman Coulter 

Unicel Dxl 800 

Definitions and other variables: 
Bone Mineral Density (BMD) g/cm2. The Heel bone mineral density (BMD): 
https://biobank.ndph.ox.ac.uk/ukb/field.cgi?id=3148 
Method: Heel ultrasound method (left). Bone-densitometry of heel:  
https://biobank.ndph.ox.ac.uk/ukb/field.cgi?id=4092 
This uses BMD and if it is missing, we used Heel bone mineral density (BMD), manual entry: 
https://biobank.ndph.ox.ac.uk/ukb/field.cgi?id=3084 
And if this was missing, we used Heel bone mineral density (BMD) (left) or Heel bone mineral density (BMD) (right): 
https://biobank.ndph.ox.ac.uk/ukb/field.cgi?id=4105 
https://biobank.ndph.ox.ac.uk/ukb/field.cgi?id=4124 

The following data Field IDs were used for BMD:  

3148 Heel bone mineral density (BMD) 

4105 Heel bone mineral density (BMD) (left) 

4124 Heel bone mineral density (BMD) (right) 

3084 Heel bone mineral density (BMD), manual entry 

T-score (number of SD BMD above or below standard) was computed from Heel bone mineral density (BMD) T-
score, automated (bone-densitometry of heel). The following data Field IDs were used: 
78 Heel bone mineral density (BMD) T-score, automated   

4125 Heel bone mineral density (BMD) T-score, automated (right) 

4106 Heel bone mineral density (BMD) T-score, automated (left)   

4138 Heel bone mineral density (BMD) T-score, manual entry (left)   

4143 Heel bone mineral density (BMD) T-score, manual entry (right) 

Osteoporosis and Osteopenia were calculated based on Heel bone mineral density (BMD) T-score as follows: 

Osteopenia: T score less than or equal to -1 but greater than -2.5  
Osteoporosis: T score less than or equal to -2.5 

https://biobank.ndph.ox.ac.uk/ukb/field.cgi?id=3148
https://biobank.ndph.ox.ac.uk/ukb/field.cgi?id=4092
https://biobank.ndph.ox.ac.uk/ukb/field.cgi?id=3084
https://biobank.ndph.ox.ac.uk/ukb/field.cgi?id=4105
https://biobank.ndph.ox.ac.uk/ukb/field.cgi?id=4124
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Table 5.7 Ascertainment of phenotypic endpoints of adverse drug effects and other phenotypes. 

Phenotype ICD10 ICD9 Self-report code from n_20002_* 
variable 

Scoliosis (including Kyphoscoliosis) M41 M965 Q763 Q675 7373 75420 1535 

Osteoporosis M80 M81 M82 7330 1309 

Fractures M484 M840 M841 M842 M843 M844 S02 S12 
S220 S222 S223 S224 S228 S229 S32 S42 S52 
S62 S72 S82 S92 T02 T08 T10 T12 T14 M800 

M801 M804 M805 M808 M809 

80 81 82 7331 E8879 1626 1627 1628 1629 1630 1631 1632 
1633 1634 1635 1636 1637 1638 1639 
1640 1644 1645 1646 1647 1648 1649 
1650 1651 1652 1653 1654 1655 1656 

Severe musculoskeletal adverse events 
(e.g., myopathy, myositis) 

G720 G728 G729 M608 M609 M814 3599 1322 

Thromboembolic events I82 I26 I801 I802 I803 I808 I809 I81 I82 I630 I631 
I633 I634 I74 K550 I82 I513 I676 I636 I240 

453 4151 4341 444 59381 3259 
4340 4376 4511 4512 4518 4519 

4529 59382 

1094 1093 1088 1068 

Venous thromboembolism (DVT/PE) I82 I26 I513 I676 I636 I240 453 4151 3259 4340 4376 4511 
4512 4518 4519 4529 59382 

1094 1093 1068 

Hepatosteatosis K76 K760 K758 5715 5716 5718 5719 
 

Gynaecological events [endometrial 
thickening, uterine fibroids, ovarian 

cysts, adenomyosis and cervical canal 
cysts] 

N850 N851 D25 N830 N832 N800 Q516 6213 2191 2360 218 6200 6201 
6202 

1351 1349 

Gynaecological events [endometrial 
hyperplasia or endometrial cancer] 

N850 N851 C541 6213 2191 2360 182 1040 

Endometrial hyperplasia or Double 
endometrial thickness 

N850 N851 6213 2191 2360 
 

Depression F33 F32 F412 F341 3004 311 1286 

Varicose veins I83 I86 454 456 1494 

Endometrial cancer C541 182 1040 

Prosthetic limb by prosthesis Z441 Z971 V437 V520 
 

Chemotherapy Z082 Z511 Z542 Z926 V581 V662 V6621 V6622 V6629 
V672 

 

Radiotherapy Z081 Z091 Z510 V580 V661 V6611 V6612 V6619 
V671 

 

Family history of ischaemic heart 
disease 

Z824 V173 
 

Family history of stroke Z823 V171 
 

Family history of musculoskeletal 
diseases or arthritis 

Z826 V177 V178 
 

Family history of malignant neoplasm 
of genital organs 

Z804 V164 
 

Family history of genital disease Z804 Z842 V187 V164 
 

Family history of psychiatric and other 
mental and behavioural disorders 

Z818 V170 
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Family history of blood disease Z832 V183 
 

Definitions and other variables: 

Family history of cancer, depression or stroke, I used data field IDs and codes for relevant illnesses of father/mother/siblings 

Field ID for illnesses of father/mother/siblings: 
20107 Illnesses of father 
20110 Illnesses of mother   
20111 Illnesses of siblings 

Coding for illnesses of father/mother/siblings: 
2 Stroke 
3 Lung cancer 
4 Bowel cancer 
5 Breast cancer 
13 Prostate cancer 
12 Severe depression 

Menopausal status was determined at the baseline UKBB visit: 
0=premenopausal 
1=postmenopausal due to natural menopause 
2=postmenopausal due to surgery i.e., hysterectomy or oophorectomy  
3=postmenopausal but can't tell what type of menopause or age at menopause as taking HRT over age at menopause 
4=premenopausal but taking HRT so can't be sure  
9=missing data for one or more variables so can't define this. 



 

Figure 5.3 Number of identified PGx studies of MIADEs related to endocrine therapy by system organ class. 

 

Figure 5.4 Count of SNVs analysed in the UK Biobank per gene regarding PGx studies of MIADEs related 
to endocrine therapy. 

 

Musculoskeletal , 
10

Metabolism , 3

Hepatobiliary , 2

Vascular , 3

Reproductive, 5

Psychiatric , 1

0 2 4 6 8 10 12

Number of Included Studies by System Organ Class

11

6

5

3

2

1

1

1

1

1

1

1

1

1

1

1

1

1

1

0 2 4 6 8 10 12

CYP19A1

ESR1

CYP2D6

CYP11A1

ESR2

NCOA1

TNFRSF11B

PTCSC2

CYP3A5

UGT2B7

E2F7

POLQ

CYP17A1

SLC22A23

ABCB1

TNFSF11

F2

CYP3A4

F5

Count of SNVs Analysed by Gene

15

7

2

1

1

0 5 10 15 20

Musculoskeletal & Connective Tissue
Disorders

Metabolism & Nutrition Disorders

Both Vascular and/or Skin &
Subcutaneous Tissue Disorders

Reproductive System & Breast
Disorders

Both Musculoskeletal & Connective
Tissue and/or Vascular Disorders

Number of Clinical Annotations in PharmGKB 



205 
 

Figure 5.5 Number of clinical annotations PGx of ADEs related to endocrine therapy in PharmGKB grouped 

by organ system. 

Table 5.8 Status of inclusion of interaction effects in analytical models performed by authors of PGx studies 

of MIADEs related to endocrine therapy. 

The frequency of the failure to consider potential interaction effects in the analyses was assessed using the 
following search terms: moderator, heterogeneity of effect, magnifier, qualifier, synergy, buffering effect, 

statistical interactions, effect modification, effect modifier, multiplicative or synergistic. 

Study [Author, Year] The interaction effects 
model was used 

appropriately 

Al-Mamun 2017 No 

Argalacsova 2017 No 

Baatjes 2020 No 

Chu 2007 No 

Dieudonné 2014 No 

Garber 2010 No 

Hartmaier 2012 No 

Koukouras 2012 No 

Kovac 2015 No 

Leyland-Jones 2015 (1) Yes 

Leyland-Jones 2015 (2) Yes 

Mazzuca 2016 No 

Miranda 2021 No 

Napoli 2013 No 

Ntukidem 2008 No 

Oesterreich 2015 No 

Ohnishi 2005 No 

Onitilo 2009 No 

Rodríguez-Sanz 2015 No 

Santa-Maria 2016 Yes 

Wang 2013 No 

Wang 2015 No 

Weng 2013 No 

Wickramage 2017 No 
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6 Chapter Six. Discussion 

6.1 This study created novel lists of variants associated with adverse drug 

effects 

This is the first study that has created two comprehensive lists of variants 

associated with ADEs, derived from both primary and secondary studies using 

systematic reviews of the literature and PGx databases. These were further 

curated and a novel set of genotype–drug pairs significantly associated with 

MIADEs with an overall high level of evidence was created. The primary and 

secondary studies encompassed RCTs and post-hoc analyses of RCTs, meta-

analyses, and the PGx database included PharmGKB. 

This study also generated a catalogue of variants associated with the risk of 

endocrine therapy-related toxicities in BC by comprehensively and systematically 

reviewing the literature and PharmGKB. Unlike the above systematic reviews, 

these systematic searches were conducted with no restriction on study design 

and thus the PG associations had variable levels of evidence. This catalogue was 

further curated and a list of variants significantly associated with MIADEs was 

generated. 

6.2 Pharmacovigilance data was mapped onto prescription data and 

subsequently used in pharmacogenomic analysis 

This is the first study that has established the feasibility of linking real-world real-

time data derived from pharmacovigilance and prescribing databases to be 

subsequently utilised in PG analyses. While these databases were formerly used 

in epidemiological studies, this database linkage helped identify high-risk 

medicines in GP which were further used in PG analyses in the UKBB. This work 

is already being incorporated into the discussions and evidence evaluation of the 

Yellow Card Biobank initiative (933). Despite the acknowledged inherent 

limitations of data derived from pharmacovigilance and prescribing databases, 

this study demonstrated that using aggregate data derived from these databases 

is robust enough to draw reasoned conclusions with regard to the safety 

analyses. 
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6.3 None of the pharmacogenomic findings tested in this large 

investigation were reproduced 

The observed heterogeneity and mixed findings among the PGx studies in the 

literature indicated that more focused analyses and further replication, for those 

that merit follow-up replication, are necessary. This study found none of the 

associations between PG variants and MIADEs related to high-risk medicines in 

GP (including statins, NSAIDs and antipsychotics) was statistically significant in 

the UKBB, failing to replicate the findings from the initial studies in relation to 

neither baseline measurements nor incident MIADEs. Findings from this study 

were independently corroborated by the updated low level of evidence assigned 

to these genotype–drug pairs in PharmGKB in 2022. Similarly, none of the 

genotype–drug pairs reported to be significantly associated with MIADEs related 

to endocrine therapy in BC were replicated in the UKBB, in relation to neither 

baseline measurements nor incident MIADEs. This was in agreement with the 

low level of evidence assigned by PGx guidelines and PharmGKB to these 

genotype–drug pairs. 

The genotype-drug pairs for MIADEs related to high-risk medicines in GP 

examined here were assigned with a moderate or high level of evidence by 

PharmGKB at the time of my analyses. Thus, a large effect size of genotype-

treatment interactions was expected, particularly as this large analysis used 

longitudinal data including follow-up visits and hospital medical records data that 

is significantly longer than the initial studies. 

Findings from this study provide extremely convincing evidence that previous 

associations were false positive results. While the sources of discordance remain 

uncertain, the discrepancies between the results from this investigation and the 

findings from initial studies are much larger than can be explained by random 

variation, an imbalance between cases and controls (e.g., significant differences 

in environmental factors exposure), genetic heterogeneity or residual population 

stratification. These factors are insufficient to explain the widely discrepant 

findings, suggesting that the initial findings are false positives. A combination of 

sub-optimal methods, lenient statistical criteria and thresholds, data dredging 

(120), reporting bias as well as small sample sizes in most of the initial studies, 

might have led to the observed increased rate of their false positive signals. The 

substantial variation observed in the PG effect estimates in the small studies 
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means that only significant effect estimates of the numerous initially analysed 

outcomes may be selected to be reported. 

These findings are corroborated by the observed heterogeneity and mixed 

findings as well as considerable variation in PG effects among studies identified 

in my systematic reviews. These systematic reviews also showed that the vast 

majority of findings were not statistically significant with a notable lack of stringent 

replication across different populations. For instance, 95% of associations 

reported by authors of PGx studies of endocrine therapy-related toxicities in BC 

were non-significant in my systematic review. 

6.4 Adverse drug effects are not consistently defined, indexed or reported 

in pharmacogenomic studies 

This lack of uniformity observed among the identified studies was particularly 

notable in the toxicity outcomes and terms used synonymously by authors to 

describe ADEs. There were no consistent definitions of ADE outcomes, the timing 

of outcome measurements and ascertainment, with many studies having 

investigated composite outcomes of ADEs or used underspecified terms to refer 

to toxicities. This pointed to another fundamental issue, which is the potential 

presence of reporting bias. The inconsistent assignment of risk category (e.g., 

seriousness, severity) and the use of the terms “serious” and “severe” 

interchangeably and loosely by many authors were also matters of concern. This 

study showed that reviewing the relevant literature relating to PharmGKB 

annotations was vital for the correct designation of the risk category of ADEs. 

These inconsistent definitions add to the substantial heterogeneity and mixed 

findings, making synthesis of evidence and drawing reasoned conclusions or 

providing valid practical implications from these studies difficult. Hence, this study 

constructed a toxicity outcome of MIADEs using unambiguously clear criteria for 

definition. 

6.5 Outcome reporting bias and duplicated data represent major 

challenges in pharmacogenomics 

This study found some evidence of incomplete reporting and selective outcome 

reporting of significant or positive findings among the authors of PGx studies of 

ADEs. The selective reporting of outcomes based on the direction and nature of 

the results (i.e., data 'dredging') but not key outcomes that are routinely measured 
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by most investigators are major problems. In addition to concerns around the 

dissemination of data, this increases reporting bias (120) and combining results 

from such reports via meta-analysis can result in both distortion and 

overestimation of the PG effects. 

Notably, substantial overlap existed among the samples analysed by the 

investigators across identified studies, particularly positive studies. For example, 

43% of PGx studies of endocrine therapy-related toxicities in BC used 

overlapping data derived from the same trials. Such significant overlap and over-

estimation of the overall sample size can induce biases and lead to the 

overestimation of PG effects. 

6.6 Stringent statistical measures are fundamental 

Despite the considerable number of statistical tests performed in many studies 

included in the systematic reviews, most did not correct for multiple testing or 

address the multiplicity issue. This was sufficiently significant to warrant caution 

regarding the validity of findings from these studies. Not only does this boost 

the probability of false positive findings and result in erroneous conclusions, but 

this can also increase publication bias. The ramifications of multiple comparisons 

were considered in this study to minimise the overabundance of false-positive 

signals and artefactual results. Thus, multiplicity corrections for all statistical 

tests including meta-analyses were applied. This provided a fair balance between 

the elimination of false positives and false negatives. 

Besides, genotype-treatment interactions have not been adequately explored or 

included in the statistical analyses performed by authors of the majority of the 

identified studies. For instance, only 15% of studies of PGx of endocrine therapy-

related toxicities in BC used genotype-treatment interactions appropriately. Such 

failure to incorporate interaction effects in the model and relying solely on the 

main effects can result in a significant bias in coefficient estimates, leading to 

misinterpretation of PG effects. Hence, caution should be exercised in the 

interpretation of findings from these reported associations. Having been aware of 

the significant adverse implications of disregarding statistical interaction effects, 

genotype-treatment interactions were consistently tested in this study to help 

reduce bias and improve the inferences from estimated regression coefficients. 
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6.7 Study limitations 

First, this study included only UKBB participants of European ancestry and thus 

extrapolation of the findings to other populations may not be applicable. Second, 

the performed systematic reviews are largely limited to published data. As the 

overwhelming majority of RCTs are published in English, the searches were 

limited to include English-only publications and therefore language bias is 

anticipated. Third, studies which examined chemotherapy-based regimens were 

excluded from the list of genotype–drug pairs associated with MIADEs. This was 

due to concerns regarding the complexity of their combination regimens and 

designs as well as drug-drug interactions. Fourth, caution should be exercised 

when using the comparative medication safety charts by HCPs and patients, 

considering the inherent shortcomings of pharmacovigilance and prescribing data 

used. However, these limitations are expected to affect all medicines similarly, 

and therefore the relative rates of ADEs are unlikely to be affected. 

6.8 Implication for research and practice 

This PG analysis in the UKBB showed that the evidence regarding the potential 

use of PGx for MIADEs related to statins, NSAIDs, antipsychotics and BC 

endocrine therapy is tenuous at best. These are among the most frequently 

prescribed medicines in the UK and this robust refutation of the initial findings has 

practical implications. These drug-variant pairs are reported in the literature with 

many incorporated into PGx guidelines or FDA drug labels as potential PG 

markers of related toxicities. Yet, the designated actionability for these drug-

variant combinations in such guidelines is inexpedient and questionable (697). At 

the time of writing this report, the overall updated level of evidence assigned to 

these genotype–drug pairs in PharmGKB is low, supporting my findings.  

This study added further evidence for the rationale of replication of previously 

reported variants at scale with a large sample size by applying robust and 

stringent statistical methods and criteria before any consideration or attempt to 

translate these genotype–drug pairs into clinical practice (932). Despite the 

promising perspectives and enthusiasm in the literature to translate some of this 

genotype–drug pairs into routine clinical practice, these claims are inadequately 

substantiated to support such translation (934). There is not a single RCT that 

convincingly supports a clinically meaningful effect of PG intervention for any of 
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these genotype-drug pairs. Compared with the initial studies, this study in the 

UKBB was significantly larger and longer and utilised longitudinal data relating to 

both follow-up visits and hospital medical records data. Yet, this study did not find 

a single association that had been stringently replicated or shown significant 

statistical association to be considered for clinical utility or used as a source for 

HCPs regarding treatment decision-making. Whilst my findings did not replicate 

previous studies, there is no implication that these studies were deliberately 

misleading or undertaken in bad faith. 

The prescribing decision-making process for a patient, particularly one with 

multiple disorders and taking other medicines concomitantly, is already complex 

given the scarcity of differential management options, and sizable information 

needs to be reviewed. Despite the understandably continuous enthusiasm 

among precision medicine advocates, patient management in these contexts 

therefore needs to shift to more evidence-based decision-making practices using 

validated biomarkers instead of unsubstantiated PGx associations. To support 

evidence-based and informed decision-making in practice, this study generated 

quantitative comparative safety charts for medicines pertaining to the same 

therapeutic class, providing both HCPs and patients with real-world data on drug 

safety. These novel safety visual tools could assist in the context of shared 

decision-making in patient-prescriber encounters. 

The created list of variants associated with ADEs provides a reliable source of 

up-to-date information which can be useful to regulatory agencies, researchers 

and HCPs. Furthermore, the curated set of variant–drug pairs significantly 

associated with MIADEs contains fully specified interrogable genotypes and ICD-

10 codes for potential use in biobanks. Customisable PGx analyses in the UKBB 

by prioritising genotype-drug pairs pertinent to a specific disease or commonly 

prescribed medicines can be especially invaluable. 

6.9 Recommendations and future research 

The notable lack of uniformity and transparency observed in the toxicity outcomes 

reported and terms used by investigators underscores the importance of using 

clearly defined and internationally agreed toxicity outcomes, definitions, 

measurements and ascertainment. The different official definitions used by 

various regulators and the numerous terms used to describe ADEs by 
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researchers and HCPs make centralising information in worldwide databases 

practically unachievable (58, 935). Likewise, consensus and standardised scales 

for the categorisation of ADEs with regard to seriousness and severity are of 

paramount importance for the correct designation of ADEs. Furthermore, 

selective reporting of toxicity outcomes and covariates accentuates the concerns 

around data dissemination in order to facilitate yielding unbiased conclusions 

of PG effects. More efforts should be made with regard to transparent and 

complete reporting as well as sharing data among investigators to allow 

reproducibility and independent replication of, or expansion on, the reported 

findings. There needs to be more acceptance of inconclusiveness and 

contradictory data in the same way as confirmatory data and positive findings. 

Both authors and publishers of PGx studies should be under an obligation to 

publish carefully designed studies fully, including those with findings which 

contradict previously published reports (936). This is of paramount importance, 

particularly in the field of PGx (899). Further, to reduce bias in estimated 

regression coefficients and minimise the impact of type I errors on the validity of 

findings, authors should use the most reliable methods in examining associations 

of variants and toxicities outcomes, rigorous statistical methodology and stringent 

statistical significance thresholds.  

The vast majority of ADEs in the identified RCTs and post-hoc analyses of RCTs 

were secondary outcomes, which were poorly reported and indexed in the titles 

and abstracts. This stresses the need for a higher degree of scrutiny to be applied 

with regard to the transparency and reporting of ADEs in RCTs. Almost all post-

hoc analyses of RCTs had the randomisation status of the original RCTs not 

being explicitly stated, either in the title or abstract. Hence, better reporting of 

randomisation status is vital to facilitate identifying these studies in the literature. 

The observed scarcity of RCTs of PGx studies in the context of ADEs, particularly 

genotype–guided therapy trials, underscores the need for RCTs with a large 

number of patients. This is crucial to demonstrate a reduction in rare ADEs and 

validate PGx clinical utility. Yet, the debate over the level of evidence needed to 

establish clinical utility (937) indicates that clear and internationally agreed criteria 

for this are necessary to facilitate standardised translation of PGx variant-drug 

pairs into everyday clinical practice. 
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This study only considered UKBB participants of European ancestry, and the 

overwhelming majority of studies identified in the literature were performed in 

high-income countries or within cohorts consisting predominantly of Caucasians. 

This can limit the external validity of the findings across global populations and 

increase racial disparities and health inequalities. Hence, more studies are 

needed in other under-represented populations, particularly in middle and low-

income countries. 

This was not a follow-up study and therefore future studies using the UKBB-linked 

primary care records allow examination of prescriptions and has the potential to 

complement these findings. At the time I performed the analyses, primary care 

prescription records and clinical data were only available for a proportion of 

participants. 

Further, as PG variants can have subtle or small effects when assessed 

individually, further research and replication of prognostic discrimination of PGx 

polygenic scores that incorporate multiple genetic markers is warranted (139, 

938). 

In summary, this large investigation found none of the PG findings tested were 

replicated in the UKBB. This included associations between genomic variants 

and MIADEs related to high-risk medicines in GP comprising statins, NSAIDs, 

antipsychotics, and endocrine therapy in BC, in relation to neither baseline 

measurements nor incident MIADEs. 

  



214 
 

7 References 

 

1 Faich GA, Castle W and Bankowski Z: International Adverse Drug Reaction 
Reporting: The Cioms Project. Drug Inf J 24: 419–425, 1990. DOI: 
10.1177/009286159002400216. 

2 European Medicines Agency: Module VI – Collection, management and 
submission of reports of suspected adverse reactions to medicinal products 
(Rev 2). Guidel good Pharmacovigil Pract Revision 2: 144, 2017. 

3 Lazarou J, Pomeranz BH and Corey PN: Incidence of adverse drug 
reactions in hospitalized patients: A meta- analysis of prospective studies. 
J Am Med Assoc 279: 1200–1205, 1998. PMID: 9555760. DOI: 
10.1001/jama.279.15.1200. 

4 Davies EC, Green CF, Taylor S, Williamson PR, Mottram DR and 
Pirmohamed M: Adverse drug reactions in hospital in-patients: A 
prospective analysis of 3695 patient-episodes. PLoS One 4, 2009. PMID: 
19209224. DOI: 10.1371/journal.pone.0004439. 

5 Pirmohamed M, James S, Meakin S, Green C, Scott AK, Walley TJ, Farrar 
K, Park BK and Breckenridge AM: Adverse drug reactions as cause of 
admission to hospital: Prospective analysis of 18 820 patients. Br Med J 
329: 15–19, 2004. PMID: 15231615. DOI: 10.1136/bmj.329.7456.15. 

6 Gallagher RM, Mason JR, Bird KA, Kirkham JJ, Peak M, Williamson PR, 
Nunn AJ, Turner MA, Pirmohamed M and Smyth RL: Adverse drug 
reactions causing admission to a paediatric hospital. PLoS One 7: e50127, 
2012. PMID: 23226510. DOI: 10.1371/journal.pone.0050127. 

7 Beijer HJM and De Blaey CJ: Hospitalisations caused by adverse drug 
reactions (ADR): A meta-analysis of observational studies. Pharm World 
Sci 24: 46–54, 2002. PMID: 12061133. DOI: 10.1023/A:1015570104121. 

8 Davies E, Green C, Mottram D and Pirmohamed M: Adverse Drug 
Reactions in Hospitals: A Narrative Review. Curr Drug Saf 2: 79–87, 2008. 
PMID: 18690953. DOI: 10.2174/157488607779315507. 

9 Hitchen L: Adverse drug reactions result in 250,000 UK admissions a year. 
BMJ 332: 1109, 2006. PMID: 16690649. DOI: 10.1136/bmj.332.7550.1109. 

10 Frontier Economics: Exploring the costs of unsafe care in the NHS. Front 
Econ London: 1–31, 2014. 

11 Stark RG, John J and Leidl R: Health care use and costs of adverse drug 
events emerging from outpatient treatment in Germany: A modelling 
approach. BMC Health Serv Res 11: 9, 2011. DOI: 10.1186/1472-6963-11-
9. 

12 Wu T-Y, Jen M-H, Bottle A, Molokhia M, Aylin P, Bell D and Majeed A: Ten-
year trends in hospital admissions for adverse drug reactions in England 
1999-2009. J R Soc Med 103: 239–50, 2010. PMID: 20513902. DOI: 
10.1258/jrsm.2010.100113. 

13 Van Der Hooft CS, Sturkenboom MCJM, Van Grootheest K, Kingma HJ 
and Stricker BHC: Adverse drug reaction-related hospitalisations: A 



215 
 

nationwide study in The Netherlands. Drug Saf 29: 161–168, 2006. PMID: 
16454543. DOI: 10.2165/00002018-200629020-00006. 

14 Spino M, Sellers EM and Kaplan HL: Effect of Adverse Drug Reactions on 
the Length of Hospitalization. Am J Heal Pharm 35: 1060–1064, 1978. DOI: 
10.1093/ajhp/35.9.1060. 

15 Moore N, Lecointre D, Noblet C and Mabille M: Frequency and cost of 
serious adverse drug reactions in a department of general medicine. Br J 
Clin Pharmacol 45: 301–308, 1998. DOI: 10.1046/j.1365-
2125.1998.00667.x. 

16 Guo N, Marra F, FitzGerald JM, Elwood RK and Marra CA: Impact of 
adverse drug reaction and predictivity of quality of life status in tuberculosis. 
Eur Respir J 36: 206–208, 2010. DOI: 10.1183/09031936.00159409. 

17 McLernon DJ, Bond CM, Hannaford PC, Watson MC, Lee AJ, Hazell L and 
Avery A: Adverse drug reaction reporting in the UK: A retrospective 
observational comparison of yellow card reports submitted by patients and 
healthcare professionals. Drug Saf 33: 775–788, 2010. PMID: 20701410. 
DOI: 10.2165/11536510-000000000-00000. 

18 Lorimer S, Cox A and Langford NJ: A patient’s perspective: The impact of 
adverse drug reactions on patients and their views on reporting. J Clin 
Pharm Ther 37: 148–152, 2012. DOI: 10.1111/j.1365-2710.2011.01258.x. 

19 Osanlou R, Walker L, Hughes DA, Burnside G and Pirmohamed M: 
Adverse drug reactions, multimorbidity and polypharmacy: a prospective 
analysis of 1 month of medical admissions. BMJ Open 12: e055551, 2022. 
PMID: 35788071. DOI: 10.1136/BMJOPEN-2021-055551. 

20 Martin K, Bégaud B, Latry P, Miremont-Salamé G, Fourrier A and Moore 
N: Differences between clinical trials and postmarketing use. Br J Clin 
Pharmacol 57: 86–92, 2004. PMID: 14678345. DOI: 10.1046/j.1365-
2125.2003.01953.x. 

21 Charlton BG and Miles A: The rise and fall of EBM. QJM - Mon J Assoc 
Physicians 91: 371–374, 1998. PMID: 9709472. DOI: 
10.1093/qjmed/91.5.371. 

22 Hampton JR: Size isn’t everything. Stat Med 21: 2807–2814, 2002. PMID: 
12325096. DOI: 10.1002/sim.1284. 

23 Evans JG: Evidence-based and evidence-biased medicine. Age Ageing 24: 
461–463, 1995. PMID: 8588532. DOI: 10.1093/ageing/24.6.461. 

24 Caplan LR: Evidence based medicine: Concerns of a clinical neurologist. J 
Neurol Neurosurg Psychiatry 71: 569–574, 2001. PMID: 11606661. DOI: 
10.1136/jnnp.71.5.569. 

25 Feinstein AR and Horwitz RI: Problems in the “evidence” of “evidence-
based medicine.” Am J Med 103: 529–535, 1997. PMID: 9428837. DOI: 
10.1016/S0002-9343(97)00244-1. 

26 Naylor CD: Grey zones of clinical practice: some limits to evidence-based 
medicine. Lancet 345: 840–842, 1995. PMID: 7898234. DOI: 
10.1016/S0140-6736(95)92969-X. 



216 
 

27 Rothwell PM: External validity of randomised controlled trials: “to whom do 
the results of this trial apply?” Lancet 365: 82–93, 2005. PMID: 15639683. 
DOI: 10.1016/S0140-6736(04)17670-8. 

28 Nichol AD, Bailey M and Cooper DJ: Challenging issues in randomised 
controlled trials. Injury 41, 2010. PMID: 20413119. DOI: 
10.1016/j.injury.2010.03.033. 

29 Hannan EL: Randomized Clinical Trials and Observational Studies. 
Guidelines for Assessing Respective Strengths and Limitations. JACC 
Cardiovasc Interv 1: 211–217, 2008. PMID: 19463302. DOI: 
10.1016/j.jcin.2008.01.008. 

30 Black N: Why we need observational studies to evaluate the effectiveness 
of health care. Br Med J 312: 1215–1218, 1996. PMID: 8634569. DOI: 
10.1136/bmj.312.7040.1215. 

31 Yang W, Zilov A, Soewondo P, Bech OM, Sekkal F and Home PD: 
Observational studies: Going beyond the boundaries of randomized 
controlled trials. Diabetes Res Clin Pract 88: S3–S9, 2010. PMID: 
20466165. DOI: 10.1016/S0168-8227(10)70002-4. 

32 Bartlett C, Doyal L, Ebrahim S, Davey P, Bachmann M, Egger M and 
Dieppe P: The causes and effects of socio-demographic exclusions from 
clinical trials. Health Technol Assess (Rockv) 9, 2005. PMID: 16181564. 
DOI: 10.3310/hta9380. 

33 Pacurariu AC, Coloma PM, van Haren A, Genov G, Sturkenboom MCJM 
and Straus SMJM: A Description of Signals During the First 18 Months of 
the EMA Pharmacovigilance Risk Assessment Committee. Drug Saf 37: 
1059–1066, 2014. PMID: 25398646. DOI: 10.1007/s40264-014-0240-1. 

34 Amery WK: Why there is a need for pharmacovigilance. 
Pharmacoepidemiol Drug Saf 8: 61–64, 1999. PMID: 15073950. DOI: 
10.1002/(SICI)1099-1557(199901/02)8:1<61::AID-PDS395>3.0.CO;2-A. 

35 Hoffman KB, Dimbil M, Erdman CB, Tatonetti NP and Overstreet BM: The 
weber effect and the united states food and drug administration’s adverse 
event reporting system (FAERS): Analysis of sixty-two drugs approved 
from 2006 to 2010. Drug Saf 37: 283–294, 2014. PMID: 24643967. DOI: 
10.1007/s40264-014-0150-2. 

36 Ishiguro C, Hall M, Neyarapally GA and Dal Pan G: Post‐market drug safety 
evidence sources: an analysis of FDA drug safety communications. 
Pharmacoepidemiol Drug Saf 21: 1134–1136, 2012. PMID: 23033257. 
DOI: 10.1002/pds.3317. 

37 Walker MC and Sander JW: Difficulties in extrapolating from clinical trial 
data to clinical practice: The case of antiepileptic drugs. Neurology 49: 333–
337, 1997. PMID: 9270558. DOI: 10.1212/WNL.49.2.333. 

38 Binnie CD: Design of clinical antiepileptic drug trials. Seizure Eur J Epilepsy 
4: 187–192, 1995. PMID: 7582652. DOI: 10.1016/S1059-1311(05)80059-
7. 

39 Gilbody S, Wahlbeck K and Adams C: Randomized controlled trials in 
schizophrenia: A critical perspective on the literature. Acta Psychiatr Scand 



217 
 

105: 243–251, 2002. PMID: 11942927. DOI: 10.1034/j.1600-
0447.2002.00242.x. 

40 Lasser KE, Allen PD, Woolhandler SJ, Himmelstein DU, Wolfe SM and Bor 
DH: Timing of new black box warnings and withdrawals for prescription 
medications. J Am Med Assoc 287: 2215–2220, 2002. PMID: 11980521. 
DOI: 10.1001/jama.287.17.2215. 

41 Pacurariu AC, Coloma PM, van Haren A, Genov G, Sturkenboom MCJM 
and Straus SMJM: A Description of Signals During the First 18 Months of 
the EMA Pharmacovigilance Risk Assessment Committee. Drug Saf 37: 
1059–1066, 2014. PMID: 25398646. DOI: 10.1007/s40264-014-0240-1. 

42 Hernandez García C, Pinheiro L, Ángel Maciá M, Stroe R, Georgescu A, 
Dondera R and Cserjés ZS: Spontaneous adverse drug reactions: 
subgroup report., 2018. 

43 Păcurariu A: The role of signal detection in Pharmacovigilance. Erasmus 
Univ Rotterdam, 2018. 

44 FDA Adverse Event Reporting System (FAERS): Latest Quarterly Data 
Files | FDA. Available from: https://www.fda.gov/drugs/questions-and-
answers-fdas-adverse-event-reporting-system-faers/fda-adverse-event-
reporting-system-faers-latest-quarterly-data-files [last accessed December 
18, 2019]. 

45 The Medicines and Healthcare products Regulatory Agency: Yellow Card 
Scheme - MHRA. Available from: https://yellowcard.mhra.gov.uk/idaps 
[last accessed February 6, 2023]. 

46 Independent Steering Committee: Report of an independent review of 
access to the yellow card scheme. London, TSO (The Stationery Office), 
2004. 

47 Joint Formulary Committee: BNF British National Formulary (online). 
Available from: https://bnf.nice.org.uk/ [last accessed December 9, 2019]. 

48 Robb MA, Racoosin JA, Sherman RE, Gross TP, Ball R, Reichman ME, 
Midthun K and Woodcock J: The US Food and Drug Administration’s 
Sentinel Initiative: Expanding the horizons of medical product safety. 
Pharmacoepidemiol Drug Saf 21: 9–11, 2012. PMID: 22262587. DOI: 
10.1002/pds.2311. 

49 Pacurariu AC, Straus SM, Trifirò G, Schuemie MJ, Gini R, Herings R, 
Mazzaglia G, Picelli G, Scotti L, Pedersen L, Arlett P, van der Lei J, 
Sturkenboom MC and Coloma PM: Useful Interplay Between Spontaneous 
ADR Reports and Electronic Healthcare Records in Signal Detection. Drug 
Saf 38: 1201–1210, 2015. PMID: 26370104. DOI: 10.1007/s40264-015-
0341-5. 

50 Huang YL, Moon J and Segal JB: A comparison of active adverse event 
surveillance systems worldwide. Drug Saf 37: 581–596, 2014. PMID: 
25022829. DOI: 10.1007/s40264-014-0194-3. 

51 Wood L and Martinez C: The General Practice Research Database: Role 
in pharmacovigilance. Drug Saf 27: 871–881, 2004. PMID: 15366975. DOI: 
10.2165/00002018-200427120-00004. 



218 
 

52 Loke YK, Derry S and Aronson JK: A comparison of three different sources 
of data in assessing the frequencies of adverse reactions to amiodarone. 
Br J Clin Pharmacol 57: 616–621, 2004. PMID: 15089815. DOI: 
10.1111/j.0306-5251.2003.02055.x. 

53 Hauben M and Zhou X: Quantitative methods in pharmacovigilance: Focus 
on signal detection. Drug Saf 26: 159–186, 2003. PMID: 12580646. DOI: 
10.2165/00002018-200326030-00003. 

54 Coloma PM, Trifirò G, Patadia V and Sturkenboom M: Postmarketing safety 
surveillance: Where does signal detection using electronic healthcare 
records fit into the big picture? Drug Saf 36: 183–197, 2013. PMID: 
23377696. DOI: 10.1007/s40264-013-0018-x. 

55 Herings RMC and Erkens JA: Increased suicide attempt rate among 
patients interrupting use of atypical antipsychotics. Pharmacoepidemiol 
Drug Saf 12: 423–424, 2003. PMID: 12899119. DOI: 10.1002/pds.837. 

56 Herings RMC, Urquhart J and Leufkens HGM: Venous thromboembolism 
among new users of different oral contraceptives. Lancet 354: 127–128, 
1999. PMID: 10408492. DOI: 10.1016/S0140-6736(99)01257-X. 

57 Bankowski Z and Council for International Organizations of Medical 
Sciences.: Reporting adverse drug reactions : definitions of terms and 
criteria for their use. CIOMS, 1999. 

58 European Medicines Agency: Inclusion / exclusion criteria for the “ 
Important Medical Events ” list Criteria for MedDRA terms on the IME list., 
2019. 

59 European Medicines Agency: ICH E2A - Clinical Safety Data 
Managements: Definitions and Standards for Expedited Reporting, 2010. 

60 EMA list of important medical events. React Wkly 1617, 2016. DOI: 
10.1007/s40278-016-20780-z. 

61 European Medicines Agency: Designated medical events. Available from: 
https://www.ema.europa.eu/en/human-regulatory/post-
authorisation/pharmacovigilance/signal-management#designated-
medical-events-section [last accessed September 11, 2023]. 

62 Important medical event terms list (MedDRA version 25.0)., 2022. Available 
from: https://www.ema.europa.eu/en/documents/other/meddra-important-
medical-event-terms-list-version-250_en.xlsx [last accessed February 1, 
2023]. 

63 Common Terminology Criteria for Adverse Events (CTCAE) | Protocol 
Development | CTEP. Available from: 
https://ctep.cancer.gov/protocolDevelopment/electronic_applications/ctc.h
tm [last accessed December 23, 2019]. 

64 McDonnell PJ, Jacobs MR, Monsanto HA and Kaiser JM: Hospital 
admissions resulting from preventable adverse drug reactions. Ann 
Pharmacother 36: 1331–1336, 2002. PMID: 12196047. DOI: 
10.1345/aph.1A333. 

65 Raut AL, Patel P, Patel C and Pawar A: Preventability, Predictability and 
Seriousness of Adverse Drug Reactions amongst Medicine Inpatients in a 



219 
 

Teaching Hospital: A Prospective Observational Study. Int J Pharm Chem 
Sci 1: 1293–1299, 2012. 

66 Vora MB, Trivedi HR, Shah BK and Tripathi CB: Adverse drug reactions in 
inpatients of internal medicine wards at a tertiary care hospital: A 
prospective cohort study. J Pharmacol Pharmacother 2: 21–25, 2011. 
PMID: 21701642. DOI: 10.4103/0976-500X.77102. 

67 Carcas AJ, Borobia AM, Velasco M, Abad-Santos F, Díaz MQ, Fernández-
Capitán C, Ruiz-Giménez N, Madridano O and Sillero PL: Efficiency and 
effectiveness of the use of an acenocoumarol pharmacogenetic dosing 
algorithm versus usual care in patients with venous thromboembolic 
disease initiating oral anticoagulation: Study protocol for a randomized 
controlled trial. Trials 13: 239, 2012. DOI: http://dx.doi.org/10.1186/1745-
6215-13-239. 

68 Ducharme MM and Boothby LA: Analysis of adverse drug reactions for 
preventability. Int J Clin Pract 61: 157–161, 2007. PMID: 17229189. DOI: 
10.1111/j.1742-1241.2006.01130.x. 

69 Rogers S, Wilson D, Wan S, Griffin M, Rai G and Farrell J: Medication-
related admissions in older people: A cross-sectional, observational Study. 
Drugs and Aging 26: 951–961, 2009. PMID: 19848440. DOI: 
10.2165/11316750-000000000-00000. 

70 Hakkarainen KM, Hedna K, Petzold M and Hägg S: Percentage of Patients 
with Preventable Adverse Drug Reactions and Preventability of Adverse 
Drug Reactions – A Meta-Analysis. PLoS One 7: e33236, 2012. PMID: 
22438900. DOI: 10.1371/journal.pone.0033236. 

71 Bates DW, Cullen DJ, Laird N, Petersen LA, Small SD, Servi D, Laffel G, 
Sweitzer BJ, Shea BF, Hallisey R, Vander Vliet M, Nemeskal R and Leape 
LL: Incidence of Adverse Drug Events and Potential Adverse Drug Events: 
Implications for Prevention. JAMA J Am Med Assoc 274: 29–34, 1995. 
PMID: 7791255. DOI: 10.1001/jama.1995.03530010043033. 

72 General Pharmaceutical Council: In practice: Guidance for pharmacist 
prescribers, 2019. 

73 General Medical Council: Outcomes for graduates. GMC Publ 1: 8, 2018. 

74 Pérez T, Moriarty F, Wallace E, McDowell R, Redmond P and Fahey T: 
Prevalence of potentially inappropriate prescribing in older people in 
primary  care and its association with hospital admission: longitudinal study. 
BMJ 363: k4524, 2018. PMID: 30429122. DOI: 10.1136/bmj.k4524. 

75 de Hoon SEM, Hek K, van Dijk L and Verheij RA: Adverse events recording 
in electronic health record systems in primary care. BMC Med Inform Decis 
Mak 17: 163, 2017. PMID: 29212497. DOI: 10.1186/S12911-017-0565-7. 

76 NHS England: NHS England: Primary care. Available from: 
https://www.england.nhs.uk/five-year-forward-view/next-steps-on-the-nhs-
five-year-forward-view/primary-care/ [last accessed July 7, 2023]. 

77 Health Survey for England, 2016 - NHS Digital. Available from: 
https://digital.nhs.uk/data-and-information/publications/statistical/health-
survey-for-england/health-survey-for-england-2016 [last accessed July 7, 



220 
 

2023]. 

78 Siegel Mph RL, Miller KD, Sandeep N, Mbbs W, Ahmedin |, Dvm J and 
Siegel RL: Cancer statistics, 2023. CA Cancer J Clin 73: 17–48, 2023. 
PMID: 36633525. DOI: 10.3322/CAAC.21763. 

79 Sung H, Ferlay J, Siegel RL, Laversanne M, Soerjomataram I, Jemal A and 
Bray F: Global Cancer Statistics 2020: GLOBOCAN Estimates of Incidence 
and Mortality Worldwide for 36 Cancers in 185 Countries. CA Cancer J Clin 
71: 209–249, 2021. PMID: 33538338. DOI: 10.3322/CAAC.21660. 

80 Rydén L, Heibert Arnlind M, Vitols S, Höistad M and Ahlgren J: Aromatase 
inhibitors alone or sequentially combined with tamoxifen in 
postmenopausal early breast cancer compared with tamoxifen or placebo 
- Meta-analyses on efficacy and adverse events based on randomized 
clinical trials. Breast 26: 106–114, 2016. PMID: 27017249. DOI: 
10.1016/J.BREAST.2016.01.006. 

81 Buch K, Gunmalm V, Andersson M, Schwarz P and Brøns C: Effect of 
chemotherapy and aromatase inhibitors in the adjuvant treatment of breast 
cancer on glucose and insulin metabolism—A systematic review. Cancer 
Med 8: 238, 2019. PMID: 30561133. DOI: 10.1002/CAM4.1911. 

82 McCowan C, Shearer J, Donnan PT, Dewar JA, Crilly M, Thompson AM 
and Fahey TP: Cohort study examining tamoxifen adherence and its 
relationship to mortality in women with breast cancer. Br J Cancer 2008 
9911 99: 1763–1768, 2008. PMID: 18985046. DOI: 
10.1038/sj.bjc.6604758. 

83 Tsang C, Majeed A and Aylina P: Routinely recorded patient safety events 
in primary care: a literature review. Fam Pract 29: 8–15, 2012. PMID: 
21878467. DOI: 10.1093/FAMPRA/CMR050. 

84 Organization WH: Global Priorities for Patient Safety Research. Better 
knowledge for safer care. World Health Organization, 2009. 

85 England. NHS (NHS): Prescribing costs in hospitals and the community 
2013–2014. Available from: https://digital.nhs.uk/data-and-
information/publications/statistical/prescribing-costs-in-hospitals-and-the-
community/2013-14 [last accessed July 6, 2023]. 

86 Khalil H and Huang C: Adverse drug reactions in primary care: A scoping 
review. BMC Health Serv Res 20: 1–13, 2020. PMID: 31902367. DOI: 
10.1186/S12913-019-4651-7. 

87 Sheikh A, Panesar SS, Larizgoitia I, Bates DW and Donaldson LJ: Safer 
primary care for all: a global imperative. Lancet Glob Heal 1: e182–e183, 
2013. PMID: 25104342. DOI: 10.1016/S2214-109X(13)70030-5. 

88 Piccardi C, Detollenaere J, Vanden Bussche P and Willems S: Social 
disparities in patient safety in primary care: a systematic review. Int J Equity 
Health 17: 1–9, 2018. PMID: 30086754. DOI: 10.1186/S12939-018-0828-
7/TABLES/2. 

89 Dupont WD, Walton D and Plummer BS: Understanding the Relationship 
between Relative and Absolute Risk., 1995. DOI: 10.1002/(SICI)1097-
0142(19960601)77:11. 



221 
 

90 Insani WN, Whittlesea C, Alwafi H, Man KKC, Chapman S and Wei L: 
Prevalence of adverse drug reactions in the primary care setting: A 
systematic review and meta-analysis. PLoS One 16: e0252161, 2021. 
PMID: 34038474. DOI: 10.1371/journal.pone.0252161. 

91 Barbarino JM, Whirl-Carrillo M, Altman RB and Klein TE: PharmGKB: A 
worldwide resource for pharmacogenomic information. Wiley Interdiscip 
Rev Syst Biol Med 10: e1417, 2018. PMID: 29474005. DOI: 
10.1002/WSBM.1417. 

92 Gurwitz D and Motulsky AG: “Drug reactions, enzymes, and biochemical 
genetics”: 50 years later. Pharmacogenomics 8: 1479–1484, 2007. DOI: 
10.2217/14622416.8.11.1479. 

93 Hamburg MA and Collins FS: The Path to Personalized Medicine. N Engl 
J Med 363: 301–304, 2010. DOI: 10.1056/NEJMp1006304. 

94 Mallal S, Phillips E and Benbow A: HLA-B*5701 screening for 
hypersensitivity to abacavir. N Engl J Med 358: 568–579, 2008. DOI: 
http://dx.doi.org/10.1056/NEJMoa0706135. 

95 Chen P, Lin J-J and Shen C-Y: Carbamazepine-Induced Toxic Effects and 
HLA-B*1502 Screening in Taiwan. N Engl J Med 364: 1126–1133, 2011. 
DOI: 10.1056/NEJMoa1009717. 

96 Whirl-Carrillo M, McDonagh EM, Hebert JM, Gong L, Sangkuhl K, Thorn 
CF, Altman RB and Klein TE: Pharmacogenomics Knowledge for 
Personalized Medicine. Clin Pharmacol Ther 92: 414, 2012. PMID: 
22992668. DOI: 10.1038/CLPT.2012.96. 

97 McDonagh EM, Whirl-Carrillo M, Garten Y, Altman RB and Klein TE: From 
pharmacogenomic knowledge acquisition to clinical applications: The 
PharmGKB as a clinical pharmacogenomic biomarker resource. Biomark 
Med 5: 795–806, 2011. DOI: 10.2217/bmm.11.94. 

98 Variant Annotations Overview | PharmGKB. Available from: 
https://www.pharmgkb.org/variantAnnotations [last accessed November 6, 
2019]. 

99 Melnikova OT, Krichevets AN, Gusev AN, Khoroshilov DA, Barskiy FI and 
Busygina NP: Criteria for the evaluation of qualitative research. Natl 
Psychol J 14: 49–51, 2014. DOI: 10.11621/npj.2014.0206. 

100 Meade MO and Richardson WS: Selecting and appraising studies for a 
systematic review. Ann Intern Med 127: 531–537, 1997. DOI: 
10.7326/0003-4819-127-7-199710010-00005. 

101 Swingler GH, Volmink J and Ioannidis JPA: Number of published 
systematic reviews and global burden of disease: Database analysis. Br 
Med J 327: 1083–1084, 2003. DOI: 10.1136/bmj.327.7423.1083. 

102 Oxford Centre for Evidence-based Medicine - Levels of Evidence (March 
2009) - CEBM. Available from: https://www.cebm.net/2009/06/oxford-
centre-evidence-based-medicine-levels-evidence-march-2009/ [last 
accessed December 7, 2019]. 

103 Joanna Briggs Institute: JBI Levels of Evidence FAME. JBI approach: 2–6, 
2013. 



222 
 

104 Thacker SB: Meta-analysis: a quantitative approach to research 
integration. Jama 259: 1685–1689, 1988. 

105 Mulrow CD: Rationale for systematic reviews. Br Med J 309: 597–599, 
1994. PMID: 8086953. DOI: 10.1136/bmj.309.6954.597. 

106 Nicholls SG, Wilson BJ, Castle D, Etchegary H and Carroll JC: 
Personalized medicine and genome-based treatments: Why personalized 
medicine ≠ individualized treatments. Clin Ethics 9: 135–144, 2014. DOI: 
10.1177/1477750914558556. 

107 Jorgensen AL and Williamson PR: Methodological quality of 
pharmacogenetic studies: Issues of concern. Stat Med 27: 6547–6569, 
2008. PMID: 18837075. DOI: 10.1002/sim.3420. 

108 Schielzeth H, Rios Villamil A and Burri R: Success and failure in replication 
of genotype–phenotype associations: How does replication help in 
understanding the genetic basis of phenotypic variation in outbred 
populations? Mol Ecol Resour 18: 739–754, 2018. PMID: 29575806. DOI: 
10.1111/1755-0998.12780. 

109 Ioannidis J, Ntzani EE, Trikalinos TA and Contopoulos-Ioannidis DG: 
Replication validity of genetic association studies. Nat Genet 29: 306–309, 
2001. PMID: 11600885. DOI: 10.1038/ng749. 

110 Ioannidis JPA, Tarone R and McLaughlin JK: The false-positive to false-
negative ratio in epidemiologic studies. Epidemiology: 450–456, 2011. 
PMID: 21490505. DOI: 10.1097/EDE.0b013e31821b506e. 

111 Siontis K, Patsopoulos NA and Ioannidis J: Replication of past candidate 
loci for common diseases and phenotypes in 100 genome-wide association 
studies. Eur J Hum Genet 18: 832–837, 2010. PMID: 20234392. DOI: 
10.1038/ejhg.2010.26. 

112 Ioannidis JPA: Common genetic variants for breast cancer: 32 largely 
refuted candidates and larger prospects. J Natl Cancer Inst 98: 1350–1353, 
2006. PMID: 17018776. DOI: 10.1093/jnci/djj392. 

113 Lohmueller KE, Pearce CL, Pike M, Lander ES and Hirschhorn JN: Meta-
analysis of genetic association studies supports a contribution of common 
variants to susceptibility to common disease. Nat Genet 33: 177–182, 
2003. PMID: 12524541. DOI: 10.1038/ng1071. 

114 Begley CG and Ioannidis JPA: Reproducibility in Science. Circ Res 116: 
116–126, 2015. DOI: 10.1161/CIRCRESAHA.114.303819. 

115 Gorroochurn P, Hodge SE, Heiman GA, Durner M and Greenberg DA: Non-
replication of association studies: “pseudo-failures” to replicate? Genet 
Med 2007 96 9: 325–331, 2007. PMID: 17575498. DOI: 
10.1097/gim.0b013e3180676d79. 

116 Zöllner S and Pritchard JK: Overcoming the winner’s curse: estimating 
penetrance parameters from case-control data. Am J Hum Genet 80: 605–
615, 2007. PMID: 17357068. DOI: 10.1086/512821. 

117 Hopewell S, Loudon K, Clarke MJ, Oxman AD and Dickersin K: Publication 
bias in clinical trials due to statistical significance or direction of trial results. 
Cochrane Database Syst Rev 2009, 2009. PMID: 19160345. DOI: 



223 
 

10.1002/14651858.MR000006.PUB3. 

118 Stern JM and Simes RJ: Publication bias: evidence of delayed publication 
in a cohort study of clinical research projects. BMJ 315: 640–645, 1997. 
PMID: 9310565. DOI: 10.1136/BMJ.315.7109.640. 

119 Haidich AB, Birtsou C, Dardavessis T, Tirodimos I and Arvanitidou M: The 
quality of safety reporting in trials is still suboptimal: survey of major general 
medical journals. J Clin Epidemiol 64: 124–135, 2011. PMID: 21172601. 
DOI: 10.1016/J.JCLINEPI.2010.03.005. 

120 Chanock SJ, Manolio T and Collins FS: Replicating genotype–phenotype 
associations. Nat 2007 4477145 447: 655–660, 2007. PMID: 17554299. 
DOI: 10.1038/447655a. 

121 Maxwell C: CLINICAL TRIALS, REVIEWS, AND THE JOURNAL OF 
NEGATIVE RESULTS. J clin Pharmac 1: 15–18, 1981. PMID: 7213504. 
DOI: 10.1111/j.1365-2125.1981.tb01095.x. 

122 Dickersin K and Berlin JA: Meta-analysis: State-of-the-Science. Epidemiol 
Rev 14: 154–176, 1992. PMID: 1289110. DOI: 
10.1093/OXFORDJOURNALS.EPIREV.A036084. 

123 Dwan K, Altman DG and Williamson PR: Systematic review of the empirical 
evidence of study publication bias and outcome reporting bias. PLoS One 
3, 2008. PMID: 18769481. DOI: 10.1371/JOURNAL.PONE.0003081. 

124 Chan AW, Hróbjartsson A, Haahr MT, Gøtzsche PC and Altman DG: 
Empirical evidence for selective reporting of outcomes in randomized trials: 
comparison of protocols to published articles. JAMA 291: 2457–2465, 
2004. PMID: 15161896. DOI: 10.1001/JAMA.291.20.2457. 

125 Hopewell S, Loudon K, Clarke MJ, Oxman AD and Dickersin K: Publication 
bias in clinical trials due to statistical significance or direction of trial results. 
Cochrane Database Syst Rev, 2009. PMID: 19160345. DOI: 
10.1002/14651858.MR000006.PUB3. 

126 Polanin JR and Pigottb TD: The use of meta-analytic statistical significance 
testing. Res Synth Methods 6: 63–73, 2015. PMID: 26035470. DOI: 
10.1002/JRSM.1124. 

127 Hutton JL and Williamson PR: Bias in meta‐analysis due to outcome 
variable selection within studies. J R Stat Soc Ser C (Applied Stat 49: 359–
370, 2000. DOI: 10.1111/1467-9876.00197. 

128 Pocock SJ, Hughes MD and Lee RJ: Statistical problems in the reporting 
of clinical trials. A survey of three  medical journals. N Engl J Med 317: 
426–432, 1987. PMID: 3614286. DOI: 10.1056/NEJM198708133170706. 

129 Goodwin S, McPherson JD and McCombie WR: Coming of age: Ten years 
of next-generation sequencing technologies. Nat Rev Genet 17: 333–351, 
2016. DOI: 10.1038/nrg.2016.49. 

130 Levy SE and Myers RM: Advancements in Next-Generation Sequencing. 
Annu Rev Genomics Hum Genet 17: 95–115, 2016. DOI: 10.1146/annurev-
genom-083115-022413. 

131 Leung MKK, Delong A, Alipanahi B and Frey BJ: Machine learning in 



224 
 

genomic medicine: A review of computational problems and data sets. Proc 
IEEE 104: 176–197, 2016. DOI: 10.1109/JPROC.2015.2494198. 

132 Park ST and Kim J: Trends in next-generation sequencing and a new era 
for whole genome sequencing. Int Neurourol J 20: 76–83, 2016. DOI: 
10.5213/inj.1632742.371. 

133 Hebbring S: Genomic and Phenomic Research in the 21st Century. Trends 
Genet 35: 29–41, 2019. DOI: 10.1016/j.tig.2018.09.007. 

134 Gottesman O, Kuivaniemi H, Tromp G and Williams MS: The Electronic 
Medical Records and Genomics (eMERGE) Network: Past, present, and 
future. Genet Med 15: 761–771, 2013. DOI: 10.1038/gim.2013.72. 

135 Allen NE, Sudlow C, Peakman T and Collins R: UK biobank data: Come 
and get it. Sci Transl Med 6, 2014. DOI: 10.1126/scitranslmed.3008601. 

136 Sudlow C, Gallacher J, Allen N and Collins R: UK Biobank: An Open 
Access Resource for Identifying the Causes of a Wide Range of Complex 
Diseases of Middle and Old Age. PLoS Med 12, 2015. PMID: 25826379. 
DOI: 10.1371/journal.pmed.1001779. 

137 Hakonarson H, Gulcher JR and Stefansson K: deCODE genetics, Inc. 
Pharmacogenomics 4: 209–215, 2003. PMID: 12605555. DOI: 
10.1517/phgs.4.2.209.22627. 

138 Dondorp WJ and de Wert GMWR: The ‘thousand-dollar genome’: an ethical 
exploration. Eur J Hum Genet 21: S6–S26, 2013. PMID: 23677179. DOI: 
10.1038/ejhg.2013.73. 

139 Pirmohamed M: Pharmacogenomics: current status and future 
perspectives. Nat Rev Genet 2023 246 24: 350–362, 2023. PMID: 
36707729. DOI: 10.1038/s41576-022-00572-8. 

140 Sackett DL, Rosenberg WMC, Gray JAM, Haynes RB and Richardson WS: 
Evidence based medicine: what it is and what it isn’t. 1996. Clin Orthop 
Relat Res 455: 3–5, 2007. PMID: 8555924. DOI: 
10.1136/bmj.312.7023.71. 

141 Barton S: Which clinical studies provide the best evidence?: The best RCT 
still trumps the best observational study. BMJ 321: 255–256, 2000. PMID: 
10915111. DOI: 10.1136/bmj.321.7256.255. 

142 Pocock SJ: Allocation of patients to treatment in clinical trials. Biometrics 
35: 183–197, 1979. PMID: 497334. 

143 Lachin JM: Statistical properties of randomization in clinical trials. Control 
Clin Trials 9: 289–311, 1988. PMID: 3060315. DOI: 10.1016/0197-
2456(88)90045-1. 

144 Daniel LL, Dickson AL and Chung CP: Predicted expression of genes 
involved in the thiopurine metabolic pathway and azathioprine 
discontinuation due to myelotoxicity. Clin Transl Sci 15: 859–865, 2022. 
PMID: 35118815. DOI: 10.1111/CTS.13243. 

145 Knikman JE, Gelderblom H, Beijnen JH, Cats A, Guchelaar HJ and 
Henricks LM: Individualized Dosing of Fluoropyrimidine-Based 
Chemotherapy to Prevent Severe Fluoropyrimidine-Related Toxicity: What 



225 
 

Are the Options? Clin Pharmacol Ther 109: 591–604, 2021. PMID: 
33020924. DOI: 10.1002/CPT.2069. 

146 Lohr KN and Carey TS: Assessing “best evidence”: issues in grading the 
quality of studies for systematic reviews. Jt Comm J Qual Improv 25: 470–
9, 1999. PMID: 10481816. 

147 Sackett DL and Wennberg JE: Choosing the best research design for each 
question. Br Med J 315: 1636, 1997. 

148 Huddart R, Sangkuhl K, Whirl-Carrillo M and Klein TE: Are Randomized 
Controlled Trials Necessary to Establish the Value of Implementing 
Pharmacogenomics in the Clinic? Clin Pharmacol Ther 106: 284–286, 
2019. PMID: 30977517. DOI: 10.1002/cpt.1420. 

149 Thakre SB, Thakre S SS and Thakre AD: Electronic biomedical literature 
search for budding researcher. J Clin Diagnostic Res 7: 2033–2037, 2013. 
DOI: 10.7860/JCDR/2013/6348.3399. 

150 NIHR Centre for Reviews and Dissemination - CRD Database. Available 
from: https://www.crd.york.ac.uk/CRDWeb/HomePage.asp [last accessed 
September 19, 2023]. 

151 Search | Cochrane Library. Available from: 
https://www.cochranelibrary.com/cdsr/reviews [last accessed September 
19, 2023]. 

152 Database of promoting health effectiveness reviews (DoPHER) – 
International Institute For Primary Health Care – Ethiopia. Available from: 
https://iphce.org/acadp_listings/database-of-promoting-health-
effectiveness-reviews-dopher/ [last accessed September 19, 2023]. 

153 NICE guidance. Available from: https://www.nice.org.uk/guidance [last 
accessed September 19, 2023]. 

154 The Scottish Intercollegiate Guidelines Network (SIGN) . Available from: 
https://www.sign.ac.uk/ [last accessed September 19, 2023]. 

155 Page MJ, McKenzie JE and Moher D: The PRISMA 2020 statement: An 
updated guideline for reporting systematic reviews. PLoS Med 18, 2021. 
PMID: 33780438. DOI: 10.1371/JOURNAL.PMED.1003583. 

156 Shea BJ, Reeves BC, Wells G, Thuku M, Hamel C, Moran J, Moher D, 
Tugwell P, Welch V, Kristjansson E and Henry DA: AMSTAR 2: a critical 
appraisal tool for systematic reviews that include randomised or non-
randomised studies of healthcare interventions, or both. BMJ 358: 4008, 
2017. PMID: 28935701. DOI: 10.1136/BMJ.J4008. 

157 Alexander PA: Methodological Guidance Paper: The Art and Science of 
Quality Systematic Reviews. Rev Educ Res 90: 6–23, 2020. DOI: 
10.3102/0034654319854352. 

158 Rothstein HR, Sutton AJ and Borenstein M: Publication bias in meta‐
analysis. Publ bias meta‐analysis Prev Assess Adjust: 1–7, 2005. DOI: 
10.1002/0470870168. 

159 Hopewell S, McDonald S, Clarke MJ and Egger M: Grey literature in meta‐
analyses of randomized trials of health care interventions. Cochrane 



226 
 

Database Syst Rev 2007, 2007. PMID: 17443631. DOI: 
10.1002/14651858.MR000010.PUB3. 

160 Higgins JPT and Green S: Cochrane handbook for systematic reviews of 
interventions. John Wiley & Sons, 2011. 

161 Higgins JPT and Green S: Highly Sensitive Search Strategy - sensitive and 
precise - Ovid., 2011. Available from: https://handbook-5-
1.cochrane.org/chapter_6/box_6.4.d_cochrane_hsss_2008_sensprec_ovi
d.htm [last accessed January 1, 2020]. 

162 Glanville JM, Lefebvre C, Miles JNV and Camosso-Stefinovic J: How to 
identify randomized controlled trials in MEDLINE: Ten years on. In: Journal 
of the Medical Library Association. pp 130–136, 2006. 

163 Higgins JPT and Green S: Cochrane handbook for systematic reviews of 
interventions. Wiley-Blackwell, 2008. 

164 Ebbert JO, Dupras DM and Erwin PJ: Searching the medical literature 
using PubMed: A tutorial. Mayo Clin Proc 78: 87–91, 2003. PMID: 
12528881. DOI: 10.4065/78.1.87. 

165 Rau JL: Searching the Literature and Selecting the Right References. 
Respir Care 49, 2004. PMID: 15447811. DOI: Oct;49(10):1242-5. 

166 Grewal A, Kataria H and Dhawan I: Literature search for research planning 
and identification of research problem. Indian J Anaesth 60: 635–639, 
2016. PMID: 27729689. DOI: 10.4103/0019-5049.190618. 

167 Vassar M, Atakpo P and Kash MJ: Manual search approaches used by 
systematic reviewers in dermatology. J Med Libr Assoc 104: 302, 2016. 
PMID: 27822152. DOI: 10.3163/1536-5050.104.4.009. 

168 Horsley T, Dingwall O and Sampson M: Checking reference lists to find 
additional studies for systematic reviews. Cochrane Database Syst Rev, 
2011. PMID: 21833989. DOI: 10.1002/14651858.mr000026.pub2. 

169 Higgins JPT, Thomas J, Chandler J, Cumpston M, Li T, Page MJ WV: 
Cochrane Handbook for Systematic Reviews of Interventions. version 6. 
Cochrane. 

170 Methley AM, Campbell S, Chew-Graham C, McNally R and Cheraghi-Sohi 
S: PICO, PICOS and SPIDER: A comparison study of specificity and 
sensitivity in three search tools for qualitative systematic reviews. BMC 
Health Serv Res 14: 1–10, 2014. PMID: 25413154. DOI: 10.1186/S12913-
014-0579-0. 

171 Aslam S and Emmanuel P: Formulating a researchable question: A critical 
step for facilitating good clinical research. Indian J Sex Transm Dis 31: 47–
50, 2010. PMID: 21808439. DOI: 10.4103/0253-7184.69003. 

172 Higgins JPT, Thomas J, Chandler J, Cumpston M, Li T, Page MJ WV 
(editors): Cochrane Handbook for Systematic Reviews of Interventions | 
Cochrane Training., 2022. Available from: 
www.training.cochrane.org/handbook [last accessed March 23, 2023]. 

173 SuperCYP. Available from: 
http://bioinformatics.charite.de/supercyp/index.php?site=cyp_snp [last 



227 
 

accessed September 16, 2020]. 

174 PharmVar. Available from: https://www.pharmvar.org/genes [last accessed 
September 16, 2020]. 

175 Human Cytochrome P450 (CYP) Allele Nomenclature Committee. 
Available from: 
https://www.pharmvar.org/htdocs/archive/index_original.htm [last 
accessed September 16, 2020]. 

176 Anthony Nolan Research Institute: Nomenclature for Factors of the HLA 
System., 2023. Available from: 
https://hla.alleles.org/nomenclature/index.html [last accessed September 
11, 2023]. 

177 UGT alleles nomenclature - PharmacogenomicsPharmacogenomics. 
Available from: https://www.pharmacogenomics.pha.ulaval.ca/ugt-alleles-
nomenclature/ [last accessed September 16, 2020]. 

178 Hebbring SJ: The challenges, advantages and future of phenome-wide 
association studies. Immunology 141: 157–165, 2014. PMID: 24147732. 
DOI: 10.1111/imm.12195. 

179 Topaz M, Shafran-Topaz L and Bowles KH: ICD-9 to ICD-10: evolution, 
revolution, and current debates in the United States. Perspect Health Inf 
Manag 10, 2013. PMID: 23805064. 

180 Reference Manager and Academic Social Network - Mendeley Database | 
Elsevier Solutions. Available from: https://www.elsevier.com/en-
gb/solutions/mendeley [last accessed November 4, 2019]. 

181 Qi X, Yang M, Ren W, Jia J, Wang J, Han G and Fan D: Find Duplicates 
among the PubMed, EMBASE, and Cochrane Library Databases in 
Systematic Review. PLoS One 8, 2013. PMID: 23977157. DOI: 
10.1371/journal.pone.0071838. 

182 Tacconelli E: Systematic reviews: CRD’s guidance for undertaking reviews 
in health care. Lancet Infect Dis 10: 226, 2010. DOI: 10.1016/s1473-
3099(10)70065-7. 

183 McGowan J, Sampson M, Salzwedel DM, Cogo E, Foerster V and Lefebvre 
C: PRESS Peer Review of Electronic Search Strategies: 2015 Guideline 
Statement. J Clin Epidemiol 75: 40–46, 2016. PMID: 27005575. DOI: 
10.1016/j.jclinepi.2016.01.021. 

184 VIPs: Very Important Pharmacogenes. Available from: 
https://www.pharmgkb.org/vips [last accessed September 9, 2020]. 

185 Microsoft Office Professional Plus Excel®., 2016. 

186 Higgins JPT and Thompson SG: Quantifying heterogeneity in a meta-
analysis. Stat Med 21: 1539–1558, 2002. PMID: 12111919. DOI: 
10.1002/SIM.1186. 

187 Borenstein M, Hedges L V., Higgins JPT and Rothstein HR: Introduction to 
meta-analysis., 2021. 

188 Egger M, Smith GD, Schneider M and Minder C: Bias in meta-analysis 



228 
 

detected by a simple, graphical test. BMJ 315: 629–634, 1997. PMID: 
9310563. DOI: 10.1136/BMJ.315.7109.629. 

189 Pigott TD and Polanin JR: Methodological Guidance Paper: High-Quality 
Meta-Analysis in a                     Systematic Review. 
https://doi.org/103102/0034654319877153 90: 24–46, 2019. DOI: 
10.3102/0034654319877153. 

190 DerSimonian R and Laird N: Meta-analysis in clinical trials. Control Clin 
Trials 7: 177–188, 1986. PMID: 3802833. DOI: 10.1016/0197-
2456(86)90046-2. 

191 Higgins JPT, Thompson SG, Deeks JJ and Altman DG: Measuring 
inconsistency in meta-analyses. BMJ  Br Med J 327: 557, 2003. PMID: 
12958120. DOI: 10.1136/BMJ.327.7414.557. 

192 Hedges L V., Tipton E and Johnson MC: Robust variance estimation in 
meta‐regression with dependent effect size estimates. Wiley Online Libr 1: 
39–65, 2010. PMID: 26056092. DOI: 10.1002/jrsm.5. 

193 Tanner-Smith EE, Tipton E and Polanin JR: Handling Complex Meta-
analytic Data Structures Using Robust Variance Estimates: a Tutorial in R. 
J Dev Life-Course Criminol 2: 85–112, 2016. DOI: 10.1007/S40865-016-
0026-5. 

194 Hedges L V and Olkin I: Statistical methods for meta-analysis. Academic 
press, 2014. 

195 Rice WR: ANALYZING TABLES OF STATISTICAL TESTS. Evolution 43: 
223–225, 1989. PMID: 28568501. DOI: 10.1111/J.1558-
5646.1989.TB04220.X. 

196 Ogawa H, Isshiki T and Saito S: Effects of CYP2C19 allelic variants on 
inhibition of platelet aggregation and major adverse cardiovascular events 
in Japanese patients with acute coronary syndrome: The PRASFIT-ACS 
study. J Cardiol 68: 29–36, 2016. PMID: 26521100. DOI: 
10.1016/J.JJCC.2015.07.019/ATTACHMENT/26E78AE7-DF9F-466E-
A62E-4FAD19E28D03/MMC1.DOC. 

197 Sorich MJ, Vitry A, Ward MB, Horowitz JD and Mckinnon RA: Prasugrel vs. 
clopidogrel for cytochrome P450 2C19-genotyped subgroups: Integration 
of the TRITON-TIMI 38 trial data. J Thromb Haemost 8: 1678–1684, 2010. 
PMID: 20492467. DOI: 10.1111/j.1538-7836.2010.03923.x. 

198 Wang Y, Zhao X, Lin J, Li H, Johnston SC, Lin Y, Pan Y, Liu L, Wang D, 
Wang C, Meng X, Xu J and Wang Y: Association Between CYP2C19 Loss-
of-Function Allele Status and Efficacy of Clopidogrel for Risk Reduction 
Among Patients With Minor Stroke or Transient Ischemic Attack. JAMA 
316: 70–78, 2016. PMID: 27348249. DOI: 10.1001/JAMA.2016.8662. 

199 Mega JL, Close SL, Wiviott SD, Shen L, Hockett RD, Brandt JT, Walker 
JR, Antman EM, Macias W, Braunwald E and Sabatine MS: Cytochrome 
P-450 Polymorphisms and Response to Clopidogrel. N Engl J Med 360: 
354–362, 2009. PMID: 19106084. DOI: 
10.1056/NEJMOA0809171/SUPPL_FILE/NEJM_MEGA_354SA1.PDF. 

200 Paré G, Mehta SR and Eikelboom JW: Effects of CYP2C19 Genotype on 



229 
 

Outcomes of Clopidogrel Treatment. N Engl J Med 363: 1704–1714, 2010. 
PMID: 20979470. DOI: 
10.1056/NEJMOA1008410/SUPPL_FILE/NEJMOA1008410_DISCLOSU
RES.PDF. 

201 Nagashima Z, Tsukahara K, Morita S, Endo T, Sugano T, Hibi K, Himeno 
H, Fukui K, Umemura S and Kimura K: Platelet reactivity in the early and 
late phases of acute coronary syndromes according to cytochrome P450 
2C19 phenotypes. J Cardiol 62: 158–164, 2013. PMID: 23886632. DOI: 
http://dx.doi.org/10.1016/j.jjcc.2013.03.006. 

202 Dong P, Yang X and Bian S: Genetic Polymorphism of CYP2C19 and 
Inhibitory Effects of Ticagrelor and Clopidogrel Towards Post-
Percutaneous Coronary Intervention (PCI) Platelet Aggregation in Patients 
with Acute Coronary Syndromes. Med Sci Monit 22: 4929–4936, 2016. 
PMID: 27977637. DOI: 10.12659/MSM.902120. 

203 Tuteja S, Glick H, Matthai W, Nachamkin I, Nathan A, Monono K, Carcuffe 
C, Maslowski K, Chang G, Kobayashi T, Anwaruddin S, Hirshfeld J, 
Wilensky RL, Herrmann HC, Kolansky DM, Rader DJ and Giri J: 
Prospective CYP2C19 genotyping to guide antiplatelet therapy following 
percutaneous coronary intervention: A pragmatic randomized clinical trial. 
Circ Genomic Precis Med 13: 2640, 2020. PMID: 31928229. DOI: 
10.1161/CIRCGEN.119.002640. 

204 González A, Moniche F, Cayuela A, García-Lozano JR, Torrecillas F, 
Escudero-Martínez I, Gonzalez-Marcos JR, Mayol A and Montaner J: 
Effect of CYP2C19 Polymorphisms on the Platelet Response to 
Clopidogrel and Influence on the Effect of High Versus Standard Dose 
Clopidogrel in Carotid Artery Stenting. Eur J Vasc Endovasc Surg 51: 175–
186, 2016. PMID: 26526111. DOI: 10.1016/J.EJVS.2015.09.020. 

205 Mega JL, Hochholzer W, Frelinger AL, Kluk MJ, Angiolillo DJ, Kereiakes 
DJ, Isserman S, Rogers WJ, Ruff CT, Contant C, Pencina MJ, Scirica BM, 
Longtine JA, Michelson AD and Sabatine MS: Dosing Clopidogrel Based 
on CYP2C19 Genotype and the Effect on Platelet Reactivity in Patients 
With Stable Cardiovascular Disease. JAMA 306: 2221–2228, 2011. PMID: 
22088980. DOI: 10.1001/JAMA.2011.1703. 

206 Tang XF, Wang J, Zhang JH, Meng XM, Xu B, Qiao S Bin, Wu YJ, Chen J, 
Wu Y, Chen JL, Gao RL, Yuan JQ and Yang YJ: Effect of the CYP2C19*2 
and*3 genotypes, ABCB1 C3435T and PON1 Q192R alleles on the 
pharmacodynamics and adverse clinical events of clopidogrel in Chinese 
people after percutaneous coronary intervention. Eur J Clin Pharmacol 69: 
1103–1112, 2013. PMID: 23150151. DOI: 10.1007/S00228-012-1446-
8/TABLES/7. 

207 Bhatt DL, Paré G and Topol EJ: The relationship between CYP2C19 
polymorphisms and ischaemic and bleeding outcomes in stable 
outpatients: the CHARISMA genetics study. Eur Heart J 33: 2143–2150, 
2012. PMID: 22450429. DOI: 10.1093/EURHEARTJ/EHS059. 

208 McDonough CW, McClure LA, Mitchell BD, Gong Y, Horenstein RB, Lewis 
JP, Field TS, Talbert RL, Benavente OR, Johnson JA and Shuldiner AR: 
CYP2C19 metabolizer status and clopidogrel efficacy in the Secondary 
Prevention of Small Subcortical Strokes (SPS3) study. J Am Heart Assoc 



230 
 

4: e001652, 2015. PMID: 26019129. DOI: 10.1161/JAHA.114.001652. 

209 Chen S, Zhang Y, Wang L, Geng Y, Gu J, Hao Q, Wang H and Qi P: Effects 
of Dual-Dose Clopidogrel, Clopidogrel Combined with Tongxinluo Capsule, 
and Ticagrelor on Patients with Coronary Heart Disease and CYP2C19*2 
Gene Mutation After Percutaneous Coronary Interventions (PCI). Med Sci 
Monit 23: 3824, 2017. PMID: 28783717. DOI: 10.12659/MSM.903054. 

210 Gurbel PA, Bergmeijer TO and Erlinge D: The effect of CYP2C19 gene 
polymorphisms on the pharmacokinetics and pharmacodynamics of 
prasugrel 5-mg, prasugrel 10-mg and clopidogrel 75-mg in patients with 
coronary artery disease. Thromb Haemost 112: 589–597, 2014. PMID: 
25008027. DOI: 10.1160/TH13-10-0891. 

211 Zhang Y, Zhao Y, Pang M, Wu Y, Zhuang K, Zhang H and Bhat A: High-
dose clopidogrel versus ticagrelor for treatment of acute coronary 
syndromes after percutaneous coronary intervention in CYP2C19 
intermediate or poor metabolizers: a prospective, randomized, open-label, 
single-centre trial. Acta Cardiol 71: 309–316, 2016. PMID: 27594126. DOI: 
10.2143/AC.71.3.3152091. 

212 Xiong R, Liu W, Chen L, Kang T, Ning S and Li J: A randomized controlled 
trial to assess the efficacy and safety of doubling dose clopidogrel versus 
ticagrelor for the treatment of acute coronary syndrome in patients with 
CYP2C19*2 homozygotes. Int J Clin Exp Med 8: 13310, 2015. PMID: 
26550258. 

213 Wallentin L, James S, Storey RF, Armstrong M, Barratt BJ, Horrow J, 
Husted S, Katus H, Steg PG, Shah SH and Becker RC: Effect of CYP2C19 
and ABCB1 single nucleotide polymorphisms on outcomes of treatment 
with ticagrelor versus clopidogrel for acute coronary syndromes: a genetic 
substudy of the PLATO trial. Lancet 376: 1320–1328, 2010. PMID: 
20801498. DOI: 10.1016/S0140-6736(10)61274-3. 

214 Seidemann K, Book M, Zimmermann M, Meyer U, Welte K, Stanulla M and 
Reiter A: MTHFR 677 (C-->T) polymorphism is not relevant for prognosis 
or therapy-associated toxicity in pediatric NHL: results from 484 patients of 
multicenter trial NHL-BFM 95. Ann Hematol 85: 291–300, 2006. DOI: 
http://dx.doi.org/10.1007/s00277-005-0072-2. 

215 van Ede AE, Laan RF, Blom HJ, Huizinga TW, Haagsma CJ, Giesendorf 
BA, de Boo TM and van de Putte LB: The C677T mutation in the 
methylenetetrahydrofolate reductase gene: a genetic risk factor for 
methotrexate-related elevation of liver enzymes in rheumatoid arthritis 
patients. Arthritis Rheum 44: 2525–2530, 2001. PMID: 11710708. DOI: 
10.1002/1529-0131(200111)44:11<2525::aid-art432>3.0.co;2-b. 

216 Zahra FT, Nahid NA, Islam MRMS, Al-Mamun MMA, Apu MNH, Nahar Z, 
Kabir AL, Biswas SK, Ahmed MU, Islam MRMS and Hasnat A: 
Pharmacogenetic Variants in MTHFR Gene are Significant Predictors of 
Methotrexate Toxicities in Bangladeshi Patients With Acute Lymphoblastic 
Leukemia. Clin Lymphoma, Myeloma Leuk 20: e58–e65, 2020. PMID: 
31884153. DOI: 10.1016/j.clml.2019.11.020. 

217 Sepe DM, McWilliams T, Chen J, Kershenbaum A, Zhao H, La M, Devidas 
M, Lange B, Rebbeck TR and Aplenc R: Germline genetic variation and 



231 
 

treatment response on CCG-1891. Pediatr Blood Cancer 58: 695–700, 
2012. DOI: https://doi.org/10.1002/pbc.23192. 

218 Radtke S, Zolk O, Renner B, Paulides M, Zimmermann M, Möricke A, 
Stanulla M, Schrappe M and Langer T: Germline genetic variations in 
methotrexate candidate genes are associated with pharmacokinetics, 
toxicity, and outcome in childhood acute lymphoblastic leukemia. Blood 
121: 5145–5153, 2013. PMID: 23652803. DOI: 10.1182/BLOOD-2013-01-
480335. 

219 E. Link, S. Parish, J. Armitage, L. Bowman, S. Heath, F. Matsuda, I. Gut, 
M. Lathrop RC: SLCO1B1 Variants and Statin-Induced Myopathy — A 
Genomewide Study. N Engl J Med 359: 789–799, 2008. PMID: 18650507. 
DOI: 10.1056/NEJMOA0801936. 

220 Voora D, Shah SH, Spasojevic I, Ali S, Reed CR, Salisbury BA and 
Ginsburg GS: The SLCO1B1*5 genetic variant is associated with statin-
induced side effects. J Am Coll Cardiol 54: 1609–1616, 2009. PMID: 
19833260. DOI: 10.1016/J.JACC.2009.04.053. 

221 Danik JS, Chasman DI, MacFadyen JG, Nyberg F, Barratt BJ and Ridker 
PM: Lack of association between SLCO1B1 polymorphisms and clinical 
myalgia following rosuvastatin therapy. Am Heart J 165: 1008–1014, 2013. 
PMID: 23708174. DOI: 10.1016/J.AHJ.2013.01.025. 

222 Gallien S, Journot V, Loriot MA, Sauvageon H, Morlat P, Reynes J, Reliquet 
V, Chêne G, Molina JM, Rancinan C, Collin F, Ferchal F, Morand-Joubert 
L, Palmer P, Charrois A, Madelaine I, Rozenbaum W, Sereni D, Vilde JL, 
Poizot-Martin I, Rosenthal E and Raffi F: Cytochrome 2B6 polymorphism 
and efavirenz-induced central nervous system symptoms : a substudy of 
the ANRS ALIZE trial. HIV Med 18: 537–545, 2017. PMID: 28145050. DOI: 
10.1111/HIV.12488. 

223 Dickinson L, Amin J, Else L, Boffito M, Egan D, Owen A, Khoo S, Back D, 
Orrell C, Clarke A, Losso M, Phanuphak P, Carey D, Cooper DA, Emery S 
and Puls R: Comprehensive Pharmacokinetic, Pharmacodynamic and 
Pharmacogenetic Evaluation of Once-Daily Efavirenz 400 and 600 mg in 
Treatment-Naïve HIV-Infected Patients at 96 Weeks: Results of the 
ENCORE1 Study. Clin Pharmacokinet 55: 861–873, 2016. PMID: 
26715213. DOI: 10.1007/S40262-015-0360-5. 

224 Fanello CI, Karema C, Avellino P, Bancone G, Uwimana A, Lee SJ, 
d’Alessandro U and Modiano D: High Risk of Severe Anaemia after 
Chlorproguanil-Dapsone+Artesunate Antimalarial Treatment in Patients 
with G6PD (A-) Deficiency. PLoS One 3: e4031, 2008. PMID: 19112496. 
DOI: 10.1371/JOURNAL.PONE.0004031. 

225 Premji Z, Umeh RE, Owusu-Agyei S, Esamai F, Ezedinachi EU, Oguche 
S, Borrmann S, Sowunmi A, Duparc S, Kirby PL, Pamba A, Kellam L, 
Guiguemdé R, Greenwood B, Ward SA and Winstanley PA: Chlorproguanil 
- Dapsone - Artesunate versus artemether - Lumefantrine: A randomized, 
double-blind phase III trial in African children and adolescents with 
uncomplicated Plasmodium falciparum malaria. PLoS One 4, 2009. PMID: 
19690618. DOI: 10.1371/journal.pone.0006682. 

226 Tiono AB, Dicko A, Ndububa DA, Agbenyega T, Pitmang S, Awobusuyi J, 



232 
 

Pamba A, Duparc S, Goh LE, Harrell E, Carter N, Ward SA, Greenwood B 
and Winstanley PA: Chlorproguanil–Dapsone–Artesunate versus 
Chlorproguanil–Dapsone: A Randomized, Double-Blind, Phase III Trial in 
African Children, Adolescents, and Adults with Uncomplicated Plasmodium 
falciparum Malaria. Am J Trop Med Hyg 81: 969–978, 2009. PMID: 
19996424. DOI: 10.4269/AJTMH.2009.09-0351. 

227 Pamba A, Richardson ND, Carter N, Duparc S, Premji Z, Tiono AB and 
Luzzatto L: Clinical spectrum and severity of hemolytic anemia in glucose 
6-phosphate dehydrogenase–deficient children receiving dapsone. Blood 
120: 4123–4133, 2012. PMID: 22993389. DOI: 10.1182/BLOOD-2012-03-
416032. 

228 Dunyo S, Sirugo G and Milligan P: Randomized Trial of Safety and 
Effectiveness of Chlorproguanil-Dapsone and Lumefantrine-Artemether for 
Uncomplicated Malaria in Children in The Gambia. PLoS One 6: e17371, 
2011. PMID: 21666744. DOI: 10.1371/JOURNAL.PONE.0017371. 

229 Poirot E, Vittinghoff E, Ishengoma D, Alifrangis M, Carneiro I, Hashim R, 
Baraka V, Mosha J, Gesase S, Chandramohan D and Gosling R: Risks of 
Hemolysis in Glucose-6-Phosphate Dehydrogenase Deficient Infants 
Exposed to Chlorproguanil-Dapsone, Mefloquine and Sulfadoxine-
Pyrimethamine as Part of Intermittent Presumptive Treatment of Malaria in 
Infants. PLoS One 10, 2015. PMID: 26599634. DOI: 
10.1371/JOURNAL.PONE.0142414. 

230 Shekalaghe SA, Braak R Ter, Daou M, Kavishe R, Van Bijllaardt W Den, 
Van Bosch S Den, Koenderink JB, Luty AJF, Whitty CJM, Drakeley C, 
Sauerwein RW and Bousema T: In Tanzania, Hemolysis after a Single 
Dose of Primaquine Coadministered with an Artemisinin Is Not Restricted 
to Glucose-6-Phosphate Dehydrogenase-Deficient (G6PD A−) Individuals. 
Antimicrob Agents Chemother 54: 1762, 2010. PMID: 20194698. DOI: 
10.1128/AAC.01135-09. 

231 Haas DW, Bartlett JA, Andersen JW, Sanne I, Wilkinson GR, Hinkle J, 
Rousseau F, Ingram CD, Shaw A, Lederman MM and Kim RB: 
Pharmacogenetics of nevirapine-associated hepatotoxicity: An adult AIDS 
Clinical Trials Group Collaboration. Clin Infect Dis 43: 783–786, 2006. 
PMID: 16912957. DOI: 10.1086/507097/2/43-6-783-TBL001.GIF. 

232 Gozalo C, Gérard L, Loiseau P, Morand-Joubert L, Peytavin G, Molina JM, 
Dellamonica P, Becquemont L, Aboulker JP, Launay O and Verstuyft C: 
Pharmacogenetics of Toxicity, Plasma Trough Concentration and 
Treatment Outcome with Nevirapine-Containing Regimen in Anti-
Retroviral-Naïve HIV-Infected Adults: An Exploratory Study of the 
TRIANON ANRS 081 Trial. Basic Clin Pharmacol Toxicol 109: 513–520, 
2011. PMID: 21824325. DOI: 10.1111/J.1742-7843.2011.00780.X. 

233 Phillips E, Bartlett JA, Sanne I, Lederman MM, Hinkle J, Rousseau F, Dunn 
D, Pavlos R, James I, Mallal SA and Haas DW: Associations between HLA-
DRB1*0102, HLA-B*5801 and Hepatotoxicity during Initiation of 
Nevirapine-Containing Regimens in South Africa. J Acquir Immune Defic 
Syndr 62: e55, 2013. PMID: 23328091. DOI: 
10.1097/QAI.0B013E31827CA50F. 

234 Omer MS: Literature review concerning the challenges of implementing 



233 
 

pharmacogenetics in primary care practice. Cureus 12, 2020. 

235 Van Malderen C, Van Geertruyden JP and D Alessandro U: Glucose-6-
phosphate dehydrogenase deficiency, chlorproguanil-dapsone with 
artesunate and post-treatment haemolysis in African children treated for 
uncomplicated malaria. Malar J 11: 1–7, 2012. PMID: 22546009. DOI: 
10.1186/1475-2875-11-139. 

236 Claassens DMF, Vos GJA and ten Berg JM: A Genotype-Guided Strategy 
for Oral P2Y 12 Inhibitors in Primary PCI. N Engl J Med 381: 1621–1631, 
2019. PMID: 31479209. DOI: 10.1056/NEJMOA1907096. 

237 Pereira NL, Farkouh ME and Rihal C: Effect of Genotype-Guided Oral 
P2Y12 Inhibitor Selection vs Conventional Clopidogrel Therapy on 
Ischemic Outcomes After Percutaneous Coronary Intervention: The 
TAILOR-PCI Randomized Clinical Trial. JAMA 324: 761, 2020. PMID: 
32840598. DOI: 10.1001/JAMA.2020.12443. 

238 Pereira NL, Rihal C, Lennon R, Marcus G, Shrivastava S, Bell MR, So D, 
Geller N, Goodman SG, Hasan A, Lerman A, Rosenberg Y, Bailey K, 
Murad MH and Farkouh ME: Effect of CYP2C19 Genotype on Ischemic 
Outcomes During Oral P2Y12 Inhibitor Therapy: A Meta-Analysis. JACC 
Cardiovasc Interv 14: 739, 2021. PMID: 33744207. DOI: 
10.1016/J.JCIN.2021.01.024. 

239 Vassy JL, Michael Gaziano J, Green RC, Ferguson RE, Advani S, Miller 
SJ, Chun S, Hage AK, Seo SJ, Majahalme N, MacMullen L, Zimolzak AJ 
and Brunette CA: Effect of Pharmacogenetic Testing for Statin Myopathy 
Risk vs Usual Care on Blood Cholesterol: A Randomized Clinical Trial. 
JAMA Netw Open 3: e2027092–e2027092, 2020. PMID: 33270123. DOI: 
10.1001/JAMANETWORKOPEN.2020.27092. 

240 Mann RD: Harmonization of Reporting and Terminologies of Adverse Drug 
Reactions. Available from: https://cioms.ch/wp-
content/uploads/2018/01/cioms-drug_surveillance-optimized-part2.pdf 
[last accessed September 12, 2023]. 

241 Matthews JH, Bhanderi S, Chapman SJ, Nepogodiev D, Pinkney T and 
Bhangu A: Underreporting of secondary endpoints in randomized trials: 
Cross-sectional, observational study. Ann Surg 264: 982–986, 2016. PMID: 
26756751. DOI: 10.1097/SLA.0000000000001573. 

242 Derry S, Kong Loke Y and Aronson JK: Incomplete evidence: the 
inadequacy of databases in tracing published adverse drug reactions in 
clinical trials. BMC Med Res Methodol 1: 7, 2001. DOI: 10.1186/1471-
2288-1-7. 

243 Pilkington K, Boshnakova A, Clarke M and Richardson J: “No Language 
Restrictions” in Database Searches: What Does This Really Mean? 
https://home.liebertpub.com/acm 11: 205–207, 2005. PMID: 15750383. 
DOI: 10.1089/ACM.2005.11.205. 

244 Egger M, Zellweger-Zähner T, Schneider M, Junker C, Lengeler C and 
Antes G: Language bias in randomised controlled trials published in 
English and German. Lancet (London, England) 350: 326–329, 1997. 
PMID: 9251637. DOI: 10.1016/S0140-6736(97)02419-7. 



234 
 

245 Hwang IC, Park JY, Ahn HY, Kim KK, Suh HS, Ko KD and Kim K-A: Effects 
of CYP3A5, CYP2C19, and CYP2B6 on the clinical efficacy and adverse 
outcomes of sibutramine therapy: a crucial role for the CYP2B6*6 allele. 
Clin Chim Acta 428: 77–81, 2014. DOI: 
https://dx.doi.org/10.1016/j.cca.2013.11.007. 

246 Liebe T, Li S, Lord A, Colic L, Krause AL, Batra A, Kretzschmar MA, 
Sweeney-Reed CM, Behnisch G, Schott BH and Walter M: Factors 
Influencing the Cardiovascular Response to Subanesthetic Ketamine: A 
Randomized, Placebo-Controlled Trial. Int J Neuropsychopharmacol 20: 
909–918, 2017. DOI: http://dx.doi.org/10.1093/ijnp/pyx055. 

247 Quiralte J, Sanchez-Garcia F, Torres MJ, Blanco C, Castillo R, Ortega N, 
de Castro FR, Perez-Aciego P and Carrillo T: Association of HLA-DR11 
with the anaphylactoid reaction caused by nonsteroidal anti-inflammatory 
drugs. J Allergy Clin Immunol 103: 685–689, 1999. DOI: 
http://dx.doi.org/10.1016/S0091-6749%2899%2970243-5. 

248 Kraus S, Hummler S, Toriola AT, Poole EM, Scherer D, Kotzmann J, Makar 
KW, Kazanov D, Galazan L, Naumov I, Coghill AE, Duggan D, Gigic B, 
Arber N and Ulrich CM: Impact of genetic polymorphisms on adenoma 
recurrence and toxicity in a COX2 inhibitor (celecoxib) trial: results from a 
pilot study. Pharmacogenet Genomics 23: 428–437, 2013. PMID: 
23778325. DOI: http://dx.doi.org/10.1097/FPC.0b013e3283631784. 

249 Chan AT, Zauber AG, Hsu M, Breazna A, Hunter DJ, Rosenstein RB, Eagle 
CJ, Hawk ET and Bertagnolli MM: Cytochrome P450 2C9 variants influence 
response to celecoxib for prevention of colorectal adenoma. 
Gastroenterology 136: 2127, 2009. DOI: 
http://dx.doi.org/10.1053/j.gastro.2009.02.045. 

250 Zwisler ST, Enggaard TP, Noehr-Jensen L, Mikkelsen S, Verstuyft C, 
Becquemont L, Sindrup SH and Brosen K: The antinociceptive effect and 
adverse drug reactions of oxycodone in human experimental pain in 
relation to genetic variations in the OPRM1 and ABCB1 genes. Fundam 
Clin Pharmacol 24: 517–524, 2010. DOI: https://dx.doi.org/10.1111/j.1472-
8206.2009.00781.x. 

251 Batistaki C, Chrona E, Kostroglou A, Kostopanagiotou G and Gazouli M: 
CYP2D6 Basic Genotyping of Patients with Chronic Pain Receiving 
Tramadol or Codeine. A Study in a Greek Cohort. Pain Med, 2020. DOI: 
https://dx.doi.org/10.1093/pm/pnaa122. 

252 Eckhardt K, Li S, Ammon S, Schänzle G, Mikus G and Eichelbaum M: 
Same incidence of adverse drug events after codeine administration 
irrespective of the genetically determined differences in morphine 
formation. Pain 76: 27–33, 1998. PMID: 9696456. DOI: 10.1016/S0304-
3959(98)00021-9. 

253 Saiz-Rodríguez M, Ochoa D, Herrador C, Belmonte C, Román M, Alday E, 
Koller D, Zubiaur P, Mejía G, Hernández-Martínez M and Abad-Santos F: 
Polymorphisms associated with fentanyl pharmacokinetics, 
pharmacodynamics and adverse effects. Basic Clin Pharmacol Toxicol 
124: 321–329, 2019. PMID: 30281924. DOI: 10.1111/bcpt.13141. 

254 Ho KWD, Wallace MR, Staud R and Fillingim RB: OPRM1, OPRK1, and 



235 
 

COMT genetic polymorphisms associated with opioid effects on 
experimental pain: a randomized, double-blind, placebo-controlled study. 
Pharmacogenomics J, 2019. DOI: http://dx.doi.org/10.1038/s41397-019-
0131-z. 

255 Chen L-K, Chen S-S, Huang C-H, Yang H-J, Lin C-J, Chien K-L and Fan 
S-Z: Polymorphism of mu-Opioid Receptor Gene (OPRM1:c.118A>G) 
Might Not Protect against or Enhance Morphine-Induced Nausea or 
Vomiting. Pain Res Treat 2013: 259306, 2013. DOI: 
https://dx.doi.org/10.1155/2013/259306. 

256 Pu J, Wang N, Huang Z-K, He X-Y and Yuan H-B: Correlation between 
gene polymorphism and opioid efficacy in patients with gastric or intestinal 
cancer. Eur Rev Med Pharmacol Sci 23: 9393–9410, 2019. DOI: 
http://dx.doi.org/10.26355/eurrev_201911_19432. 

257 Lee SH, Kim JD, Park SA, Oh CS and Kim SH: Effects of μ-opioid receptor 
gene polymorphism on postoperative nausea and vomiting in patients 
undergoing general anesthesia with remifentanil: Double blinded 
randomized trial. J Korean Med Sci 30: 651–657, 2015. PMID: 25931799. 
DOI: 10.3346/jkms.2015.30.5.651. 

258 Bastami S, Haage P, Kronstrand R, Kugelberg FC, Zackrisson A-L and 
Uppugunduri S: Pharmacogenetic aspects of tramadol pharmacokinetics 
and pharmacodynamics after a single oral dose. Forensic Sci Int 238: 125–
132, 2014. DOI: http://dx.doi.org/10.1016/j.forsciint.2014.03.003. 

259 Danoff TM, Campbell DA, McCarthy LC, Lewis KF, Repasch MH, Saunders 
AM, Spurr NK, Purvis IJ, Roses AD and Xu CF: A Gilbert’s syndrome 
UGT1A1 variant confers susceptibility to tranilast-induced 
hyperbilirubinemia. Pharmacogenomics J 4: 49–53, 2004. PMID: 
14647407. DOI: 10.1038/sj.tpj.6500221. 

260 Suh G-H, Jung HY, Lee CU, Oh BH, Lee S-K, Lee N, Kim J, Kee BS, Ko 
D, Kim Y-H, Ju Y-S, Hong I, Choi S and Group KGS: Effect of the 
apolipoprotein E epsilon4 allele on the efficacy and tolerability of 
galantamine in the treatment of Alzheimer’s disease. Dement Geriatr Cogn 
Disord 21: 33–39, 2006. DOI: http://dx.doi.org/10.1159/000089217. 

261 Blesa R, Bullock R, He Y, Bergman H, Gambina G, Meyer J, Rapatz G, 
Nagel J and Lane R: Effect of butyrylcholinesterase genotype on the 
response to rivastigmine or donepezil in younger patients with Alzheimer’s 
disease. Pharmacogenet Genomics 16: 771–774, 2006. DOI: 
http://dx.doi.org/10.1097/01.fpc.0000220573.05714.ac. 

262 Hodgson K, Uher R and McGuffin P: Genetic predictors of antidepressant 
side effects: a grouped candidate gene approach in the Genome-Based 
Therapeutic Drugs for Depression (GENDEP) study. J Psychopharmacol 
28: 142–150, 2014. DOI: http://dx.doi.org/10.1177/0269881113517957. 

263 Breitenstein B, Scheuer S, Brückl TM, Meyer J, Ising M, Uhr M and 
Holsboer F: Association of ABCB1 gene variants, plasma antidepressant 
concentration, and treatment response: Results from a randomized clinical 
study. J Psychiatr Res 73: 86–95, 2016. DOI: 
10.1016/j.jpsychires.2015.11.010. 



236 
 

264 Dombrovski AY, Mulsant BH, Ferrell RE, Lotrich FE, Rosen JI, Wallace M, 
Houck PR, Mazumdar S and Pollock BG: Serotonin transporter triallelic 
genotype and response to citalopram and risperidone in dementia with 
behavioral symptoms. Int Clin Psychopharmacol 25: 37–45, 2010. DOI: 
http://dx.doi.org/10.1097/YIC.0b013e328333ee10. 

265 Reimherr F, Amsterdam J, Dunner D, Adler L, Zhang S, Williams D, 
Marchant B, Michelson D, Nierenberg A, Schatzberg A and Feldman P: 
Genetic polymorphisms in the treatment of depression: speculations from 
an augmentation study using atomoxetine. Psychiatry Res 175: 67–73, 
2010. DOI: https://dx.doi.org/10.1016/j.psychres.2009.01.005. 

266 Schatzberg AF, DeBattista C, Lazzeroni LC, Etkin A, Murphy GM and 
Williams LM: ABCB1 genetic effects on antidepressant outcomes: A report 
from the iSPOT-D trial. In: American Journal of Psychiatry. American 
Psychiatric Association, pp 751–759, 2015. 

267 Murphy GMJ, Kremer C, Rodrigues HE and Schatzberg AF: 
Pharmacogenetics of antidepressant medication intolerance. Am J 
Psychiatry 160: 1830–1835, 2003. DOI: 
http://dx.doi.org/10.1176/appi.ajp.160.10.1830. 

268 Murphy GMJ, Hollander SB, Rodrigues HE, Kremer C and Schatzberg AF: 
Effects of the serotonin transporter gene promoter polymorphism on 
mirtazapine and paroxetine efficacy and adverse events in geriatric major 
depression. Arch Gen Psychiatry 61: 1163–1169, 2004. 

269 Roberts RL, Mulder RT, Joyce PR, Luty SE and Kennedy MA: No evidence 
of increased adverse drug reactions in cytochrome P450 CYP2D6 poor 
metabolizers treated with fluoxetine or nortriptyline. Hum Psychopharmacol 
19: 17–23, 2004. DOI: http://dx.doi.org/10.1002/hup.539. 

270 Strohmaier J, Wust S and Rietschel M: Sexual dysfunction during treatment 
with serotonergic and noradrenergic antidepressants: Clinical description 
and the role of the 5-HTTLPR. World J Biol Psychiatry 12: 528–538, 2011. 
DOI: https://dx.doi.org/10.3109/15622975.2011.559270. 

271 Peters EJ, Slager SL, Kraft JB, Jenkins GD, Reinalda MS, McGrath PJ and 
Hamilton SP: Pharmacokinetic genes do not influence response or 
tolerance to citalopram in the STAR*D sample. PLoS One 3: e1872, 2008. 
DOI: https://dx.doi.org/10.1371/journal.pone.0001872. 

272 Fischer AG, Endrass T, Goebel I, Reuter M, Montag C, Kubisch C and 
Ullsperger M: Interactive effects of citalopram and serotonin transporter 
genotype on neural correlates of response inhibition and attentional 
orienting. Neuroimage 116: 59–67, 2015. PMID: 25957993. DOI: 
10.1016/j.neuroimage.2015.04.064. 

273 Garfield LD, Dixon D, Nowotny P, Lotrich FE, Pollock BG, Kristjansson SD, 
Dore PM and Lenze EJ: Common selective serotonin reuptake inhibitor 
side effects in older adults associated with genetic polymorphisms in the 
serotonin transporter and receptors: Data from a randomized controlled 
trial. Am J Geriatr Psychiatry 22: 971–979, 2014. DOI: 
https://dx.doi.org/10.1016/j.jagp.2013.07.003. 

274 Kato M, Wakeno M, Okugawa G, Fukuda T, Azuma J, Kinoshita T and 



237 
 

Serretti A: No association of TPH1 218A/C polymorphism with treatment 
response and intolerance to SSRIs in Japanese patients with major 
depression. Neuropsychobiology 56: 167–171, 2007. DOI: 
https://dx.doi.org/10.1159/000119734. 

275 Hu X-Z, Rush AJ, Charney D, Wilson AF, Sorant AJM, Papanicolaou GJ, 
Fava M, Trivedi MH, Wisniewski SR, Laje G, Paddock S, McMahon FJ, 
Manji H and Lipsky RH: Association between a functional serotonin 
transporter promoter polymorphism and citalopram treatment in adult 
outpatients with major depression. Arch Gen Psychiatry 64: 783–792, 
2007. 

276 Laje G, Paddock S, Manji H, Rush AJ, Wilson AF, Charney D and 
McMahon FJ: Genetic markers of suicidal ideation emerging during 
citalopram treatment of major depression. Am J Psychiatry 164: 1530–
1538, 2007. 

277 Lenze EJ, Dixon D, Nowotny P, Lotrich FE, Dore PM, Pollock BG, Hinrichs 
AL and Butters MA: Escitalopram reduces attentional performance in 
anxious older adults with high-expression genetic variants at serotonin 2A 
and 1B receptors. Int J Neuropsychopharmacol 16: 279–288, 2013. DOI: 
https://dx.doi.org/10.1017/S1461145712000351. 

278 Kato M, Fukuda T, Wakeno M, Fukuda K, Okugawa G, Ikenaga Y, 
Yamashita M, Takekita Y, Nobuhara K, Azuma J and Kinoshita T: Effects 
of the serotonin type 2A, 3A and 3B receptor and the serotonin transporter 
genes on paroxetine and fluvoxamine efficacy and adverse drug reactions 
in depressed Japanese patients. Neuropsychobiology 53: 186–195, 2006. 
DOI: http://dx.doi.org/10.1159/000094727. 

279 Saiz-Rodriguez M, Belmonte C, Roman M, Ochoa D, Koller D, Talegon M, 
Ovejero-Benito MC, Lopez-Rodriguez R, Cabaleiro T and Abad-Santos F: 
Effect of Polymorphisms on the Pharmacokinetics, Pharmacodynamics 
and Safety of Sertraline in Healthy Volunteers. Basic Clin Pharmacol 
Toxicol 122: 501–511, 2018. DOI: https://dx.doi.org/10.1111/bcpt.12938. 

280 Swan GE, Valdes AM, Ring HZ, Khroyan T V, Jack LM, Ton CC, Curry SJ 
and McAfee T: Dopamine receptor DRD2 genotype and smoking cessation 
outcome following treatment with bupropion SR. Pharmacogenomics J 5: 
21–29, 2005. DOI: http://dx.doi.org/10.1038/sj.tpj.6500281. 

281 Saiz-Rodríguez M, Belmonte C, Derqui-Fernández N, Cabaleiro T, Román 
M, Ochoa D, Talegón M, Ovejero-Benito MC and Abad-Santos F: 
Pharmacogenetics of trazodone in healthy volunteers: Association with 
pharmacokinetics, pharmacodynamics and safety. Pharmacogenomics 18: 
1491–1502, 2017. PMID: 29061081. DOI: 10.2217/pgs-2017-0116. 

282 Roberts RL, Joyce PR, Mulder RT, Begg EJ and Kennedy MA: A common 
P-glycoprotein polymorphism is associated with nortriptyline-induced 
postural hypotension in patients treated for major depression. 
Pharmacogenomics J 2: 191‐196, 2002. DOI: 10.1038/sj.tpj.6500099. 

283 Ray LA, Miranda RJ, MacKillop J, McGeary J, Tidey JW, Rohsenow DJ, 
Gwaltney C, Swift RW and Monti PM: A preliminary pharmacogenetic 
investigation of adverse events from topiramate in heavy drinkers. Exp Clin 
Psychopharmacol 17: 122–129, 2009. DOI: 



238 
 

http://dx.doi.org/10.1037/a0015700. 

284 Feinn R, Curtis B and Kranzler HR: Balancing risk and benefit in heavy 
drinkers treated with topiramate: implications for personalized care. J Clin 
Psychiatry 77: e278-82, 2016. DOI: 
https://dx.doi.org/10.4088/JCP.15m10053. 

285 Liu P and Mould DR: Population pharmacokinetic-pharmacodynamic 
analysis of voriconazole and anidulafungin in adult patients with invasive 
aspergillosis. Antimicrob Agents Chemother 58: 4727–4736, 2014. DOI: 
http://dx.doi.org/10.1128/AAC.02809-13. 

286 Cooper-Dehoff RM, Hou W and Johnson JA: Is diabetes mellitus-linked 
amino acid signature associated with beta-blocker-induced impaired 
fasting glucose?. Circ Cardiovasc Genet 7: 199–205, 2014. DOI: 
https://dx.doi.org/10.1161/CIRCGENETICS.113.000421. 

287 Zaugg M, Bestmann L, Wacker J, Lucchinetti E, Boltres A, Schulz C, 
Hersberger M, Kalin G, Furrer L, Hofer C, Blumenthal S, Muller A, Zollinger 
A, Spahn DR and Borgeat A: Adrenergic receptor genotype but not 
perioperative bisoprolol therapy may determine cardiovascular outcome in 
at-risk patients undergoing surgery with spinal block: The Swiss Beta 
Blocker in Spinal Anesthesia (BBSA) study: A double-blinded, placebo-
contro. Anesthesiology 107: 33–44, 2007. DOI: 
http://dx.doi.org/10.1097/01.anes.0000267530.62344.a4. 

288 Takahashi T, Yamaguchi E, Furuya K and Kawakami Y: The ACE gene 
polymorphism and cough threshold for capsaicin after cilazapril usage. 
Respir Med 95: 130–135, 2001. DOI: 
http://dx.doi.org/10.1053/rmed.2000.1005. 

289 Zee RYL, Rao VS, Paster RZ, Sweet CS and Lindpaintner K: Three 
candidate genes and angiotensin-converting enzyme inhibitor- related 
cough: A pharmacogenetic analysis. Hypertension 31: 925–928, 1998. 
PMID: 9535416. DOI: 10.1161/01.HYP.31.4.925. 

290 Pare G, Kubo M, Byrd JB, McCarty CA, Woodard-Grice A, Teo KK, Anand 
SS, Zuvich RL, Bradford Y, Ross S, Nakamura Y, Ritchie M and Brown NJ: 
Genetic variants associated with angiotensin-converting enzyme inhibitor-
associated angioedema. Pharmacogenet Genomics 23: 470–478, 2013. 
DOI: https://dx.doi.org/10.1097/FPC.0b013e328363c137. 

291 Yusof W and Hua GS: Gene, ethnic and gender influences predisposition 
of adverse drug reactions to artesunate among Malaysians. Toxicol Mech 
Methods 22: 184–192, 2012. DOI: 
https://dx.doi.org/10.3109/15376516.2011.623331. 

292 Dysoley L, Kim S, Lopes S, Khim N, Bjorges S, Top S, Huch C, Rekol H, 
Westercamp N, Fukuda MM and Al. E: The tolerability of single low dose 
primaquine in glucose-6-phosphate deficient and normal falciparum-
infected Cambodians. BMC Infect Dis 19: 250, 2019. DOI: 
10.1186/s12879-019-3862-1. 

293 Pomara N, Belzer K, Hernando R, De La Pena C and Sidtis JJ: Increased 
mental slowing associated with the APOE epsilon4 allele after 
trihexyphenidyl oral anticholinergic challenge in healthy elderly. Am J 



239 
 

Geriatr psychiatry 16: 116–124, 2008. DOI: 
10.1097/JGP.0b013e31815aff75. 

294 Pomara N, Willoughby LM, Wesnes K and Sidtis JJ: Increased 
Anticholinergic Challenge-Induced Memory Impairment Associated with 
the APOE-ε4 Allele in the Elderly: A Controlled Pilot Study. 
Neuropsychopharmacology 29: 403–409, 2004. DOI: 
10.1038/sj.npp.1300305. 

295 Diefenbach K, Jaeger K, Wollny A, Penzel T, Fietze I and Roots I: Effect of 
tolterodine on sleep structure modulated by CYP2D6 genotype. Sleep Med 
9: 579–582, 2008. DOI: http://dx.doi.org/10.1016/j.sleep.2007.07.019. 

296 Johnson GG, Lin K and Pettitt AR: CYP2B6*6 is an independent 
determinant of inferior response to fludarabine plus cyclophosphamide in 
chronic lymphocytic leukemia. Blood 122: 4253–4258, 2013. PMID: 
24128861. DOI: 10.1182/blood-2013-07-516666. 

297 Yao S, Barlow WE and Ambrosone CB: Manganese superoxide dismutase 
polymorphism, treatment-related toxicity and disease-free survival in 
SWOG 8897 clinical trial for breast cancer. Breast Cancer Res Treat 124: 
433–439, 2010. DOI: https://dx.doi.org/10.1007/s10549-010-0840-0. 

298 Yao S, Barlow WE and Ambrosone CB: Gene polymorphisms in 
cyclophosphamide metabolism pathway, treatment-related toxicity, and 
disease-free survival in SWOG 8897 clinical trial for breast cancer. Clin 
Cancer Res 16: 6169–6176, 2010. DOI: http://dx.doi.org/10.1158/1078-
0432.CCR-10-0281. 

299 Smyth E, Zhang S and Tan P: Pharmacogenetic Analysis of the UK MRC 
(Medical Research Council) MAGIC Trial: Association of Polymorphisms 
with Toxicity and Survival in Patients Treated with Perioperative Epirubicin, 
Cisplatin, and 5-fluorouracil (ECF) Chemotherapy. Clin Cancer Res 23: 
7543–7549, 2017. DOI: http://dx.doi.org/10.1158/1078-0432.CCR-16-
3142. 

300 Schneider BP, Shen F and Sledge GWJ: Genome-wide association study 
for anthracycline-induced congestive heart failure. Clin Cancer Res 23: 43–
51, 2017. DOI: http://dx.doi.org/10.1158/1078-0432.CCR-16-0908. 

301 Franca R, Rebora P and Rabusin M: Pharmacogenetics and 
induction/consolidation therapy toxicities in acute lymphoblastic leukemia 
patients treated with AIEOP-BFM ALL 2000 protocol. Pharmacogenomics 
J 17: 4–10, 2017. DOI: https://dx.doi.org/10.1038/tpj.2015.83. 

302 Jordheim LP, Ribrag V, Ghesquieres H, Pallardy S, Delarue R, Tilly H, 
Haioun C, Jardin F, Demange D, Salles GA and Dumontet C: Single 
nucleotide polymorphisms in ABCB1 and CBR1 can predict toxicity to R-
CHOP type regimens in patients with diffuse non-hodgkin lymphoma. 
Haematologica 100: e204–e208, 2015. PMID: 25637052. DOI: 
10.3324/haematol.2014.120113. 

303 Reichwagen A, Ziepert M and Wojnowski L: Association of NADPH oxidase 
polymorphisms with anthracycline-induced cardiotoxicity in the RICOVER-
60 trial of patients with aggressive CD20(+) B-cell lymphoma. 
Pharmacogenomics 16: 361–372, 2015. DOI: 



240 
 

https://dx.doi.org/10.2217/pgs.14.179. 

304 Yao S, Sucheston LE and Ambrosone CB: Germline genetic variants in 
ABCB1, ABCC1 and ALDH1A1, and risk of hematological and 
gastrointestinal toxicities in a SWOG Phase III trial S0221 for breast cancer. 
Pharmacogenomics J 14: 241–247, 2014. DOI: 
https://dx.doi.org/10.1038/tpj.2013.32. 

305 Kuptsova N, Kopecky KJ, Godwin J, Anderson J, Hoque A, Willman CL, 
Slovak ML and Ambrosone CB: Polymorphisms in DNA repair genes and 
therapeutic outcomes of AML patients from SWOG clinical trials. Blood 
109: 3936–3944, 2007. 

306 Morabito F, Hohaus S, Mammi C, Marcheselli L, Gentile M, Merli F, 
Montanini A, Stelitano C, La Sala A, Scalone R, Voso MT, Luminari S, 
Iannitto E, Gobbi P and Federico M: Role of glutathione-S-transferase 
(GST) polymorphisms in patients with advanced Hodgkin lymphoma: 
results from the HD2000 GISL trial. Leuk Lymphoma 53: 406–410, 2012. 
DOI: https://dx.doi.org/10.3109/10428194.2011.623254. 

307 Leyland-Jones B, Gray KP and Regan MM: ESR1 and ESR2 
polymorphisms in the BIG 1-98 trial comparing adjuvant letrozole versus 
tamoxifen or their sequence for early breast cancer. Breast Cancer Res 
Treat 154: 543–555, 2015. DOI: https://dx.doi.org/10.1007/s10549-015-
3634-6. 

308 Leyland-Jones B, Gray KP and Regan MM: CYP19A1 polymorphisms and 
clinical outcomes in postmenopausal women with hormone receptor-
positive breast cancer in the BIG 1–98 trial. Breast Cancer Res Treat 151: 
373–384, 2015. PMID: 25935582. DOI: 10.1007/S10549-015-3378-3. 

309 Dezentje VO, Gelderblom H, Van Schaik RHN, Vletter-Bogaartz JM, Van 
der Straaten T, Wessels JAM, Kranenbarg EM-K, Berns EM, Seynaeve C, 
Putter H, Van de Velde CJH, Nortier JWR and Guchelaar H-J: CYP2D6 
genotype in relation to hot flashes as tamoxifen side effect in a Dutch cohort 
of the tamoxifen exemestane adjuvant multinational (TEAM) trial. Breast 
Cancer Res Treat 143: 1–9, 2014. DOI: https://dx.doi.org/10.1007/s10549-
013-2777-6. 

310 Henry NL, Skaar TC, Dantzer J, Li L, Kidwell K, Gersch C, Nguyen AT, Rae 
JM, Desta Z, Oesterreich S, Philips S, Carpenter JS, Storniolo AM, Stearns 
V, Hayes DF and Flockhart DA: Genetic associations with toxicity-related 
discontinuation of aromatase inhibitor therapy for breast cancer. Breast 
Cancer Res Treat 138: 807, 2013. PMID: 23546553. DOI: 
https://dx.doi.org/10.1007/s10549-013-2504-3. 

311 Fontein DBY, Houtsma D and Guchelaar H-J: Germline variants in the 
CYP19A1 gene are related to specific adverse events in aromatase 
inhibitor users: a substudy of Dutch patients in the TEAM trial. Breast 
Cancer Res Treat 144: 599–606, 2014. PMID: 24590773. DOI: 
10.1007/s10549-014-2873-2. 

312 Johansson H, Gray KP and Walley BA: Impact of CYP19A1 and ESR1 
variants on early-onset side effects during combined endocrine therapy in 
the TEXT trial. Breast Cancer Res 18: 110, 2016. DOI: 
http://dx.doi.org/10.1186/s13058-016-0771-8. 



241 
 

313 Fasching PA, Häberle L and Wang L: Clinical validation of genetic variants 
associated with in vitro chemotherapy-related lymphoblastoid cell toxicity. 
Oncotarget 8: 78133–78143, 2017. PMID: 29100455. DOI: 
10.18632/oncotarget.17726. 

314 Finkelstein Y, Blonquist TM, Vijayanathan V, Stevenson KE, Neuberg DS, 
Silverman LB, Vrooman LM, Sallan SE and Cole PD: A thymidylate 
synthase polymorphism is associated with increased risk for bone toxicity 
among children treated for acute lymphoblastic leukemia. Pediatr Blood 
Cancer 64, 2017. DOI: https://dx.doi.org/10.1002/pbc.26393. 

315 Ruzzo A, Graziano F and Magnani M: Sex-Related Differences in Impact 
on Safety of Pharmacogenetic Profile for Colon Cancer Patients Treated 
with FOLFOX-4 or XELOX Adjuvant Chemotherapy. Sci Rep 9: 11527, 
2019. PMID: 31395900. DOI: https://dx.doi.org/10.1038/s41598-019-
47627-1. 

316 Berger MD, Yamauchi S and Lenz H-J: Autophagy-related polymorphisms 
predict hypertension in patients with metastatic colorectal cancer treated 
with FOLFIRI and bevacizumab: Results from TRIBE and FIRE-3 trials. Eur 
J Cancer 77: 13–20, 2017. DOI: 
https://dx.doi.org/10.1016/j.ejca.2017.02.020. 

317 Goekkurt E, Al-Batran S-E, Hartmann JT, Mogck U, Schuch G, Kramer M, 
Jaeger E, Bokemeyer C, Ehninger G and Stoehlmacher J: 
Pharmacogenetic analyses of a phase III trial in metastatic 
gastroesophageal adenocarcinoma with fluorouracil and leucovorin plus 
either oxaliplatin or cisplatin: a study of the arbeitsgemeinschaft 
internistische onkologie. J Clin Oncol 27: 2863–2873, 2009. DOI: 
http://dx.doi.org/10.1200/JCO.2008.19.1718. 

318 Ruzzo A, Graziano F and Magnani M: Dihydropyrimidine dehydrogenase 
pharmacogenetics for predicting fluoropyrimidine-related toxicity in the 
randomised, phase III adjuvant TOSCA trial in high-risk colon cancer 
patients. Br J Cancer 117: 1269–1277, 2017. PMID: 29065426. DOI: 
10.1038/bjc.2017.289. 

319 Ruzzo A, Graziano F and Magnani M: Genetic markers for toxicity of 
adjuvant oxaliplatin and fluoropyrimidines in the phase III TOSCA trial in 
high-risk colon cancer patients. Sci Rep 4: 6828, 2014. DOI: 
http://dx.doi.org/10.1038/srep06828. 

320 Smit EF, Burgers SA, Biesma B, Smit HJM, Eppinga P, Dingemans A-MC, 
Joerger M, Schellens JH, Vincent A, van Zandwijk N and Groen HJM: 
Randomized phase II and pharmacogenetic study of pemetrexed 
compared with pemetrexed plus carboplatin in pretreated patients with 
advanced non-small-cell lung cancer. J Clin Oncol 27: 2038–2045, 2009. 
DOI: https://dx.doi.org/10.1200/JCO.2008.19.1650. 

321 Naoe T, Tagawa Y and Ohno R: Prognostic significance of the null 
genotype of glutathione S-transferase-T1 in patients with acute myeloid 
leukemia: increased early death after chemotherapy. Leukemia 16: 203–
208, 2002. 

322 Lee S-Y, Im S-A, Park YH, Woo SY, Kim S, Choi MK, Chang W, Ahn JS 
and Im Y-H: Genetic polymorphisms of SLC28A3, SLC29A1 and RRM1 



242 
 

predict clinical outcome in patients with metastatic breast cancer receiving 
gemcitabine plus paclitaxel chemotherapy. Eur J Cancer 50: 698–705, 
2014. DOI: https://dx.doi.org/10.1016/j.ejca.2013.11.028. 

323 Ulrich CM, Rankin C, Toriola AT, Makar KW, Altug-Teber O, Benedetti JK, 
Holmes RS, Smalley SR, Blanke CD and Lenz H-J: Polymorphisms in 
folate-metabolizing enzymes and response to 5-fluorouracil among 
patients with stage II or III rectal cancer (INT-0144; SWOG 9304). Cancer 
120: 3329–3337, 2014. DOI: https://dx.doi.org/10.1002/cncr.28830. 

324 Lee AM, Shi Q and Diasio RB: Association between DPYD c.1129-5923 
C>G/hapB3 and severe toxicity to 5-fluorouracil-based chemotherapy in 
stage III colon cancer patients: NCCTG N0147 (Alliance). Pharmacogenet 
Genomics 26: 133–137, 2016. DOI: 
https://dx.doi.org/10.1097/FPC.0000000000000197. 

325 Rosmarin D, Palles C and Tomlinson I: Genetic markers of toxicity from 
capecitabine and other fluorouracil-based regimens: Investigation in the 
QUASAR2 study, systematic review, and meta-analysis. J Clin Oncol 32: 
1031–1039, 2014. PMID: 24590654. DOI: 10.1200/JCO.2013.51.1857. 

326 Deenen MJ, Tol J and Cats A: Relationship between single nucleotide 
polymorphisms and haplotypes in DPYD and toxicity and efficacy of 
capecitabine in advanced colorectal cancer. Clin Cancer Res 17: 3455–
3468, 2011. DOI: http://dx.doi.org/10.1158/1078-0432.CCR-10-2209. 

327 van Huis-Tanja LH, Gelderblom H, Punt CJA and Guchelaar H-J: MTHFR 
polymorphisms and capecitabine-induced toxicity in patients with 
metastatic colorectal cancer. Pharmacogenet Genomics 23: 208–218, 
2013. DOI: http://dx.doi.org/10.1097/FPC.0b013e32835ee8e1. 

328 Farrell JJ, Bae K, Wong J, Guha C, Dicker AP and Elsaleh H: Cytidine 
deaminase single-nucleotide polymorphism is predictive of toxicity from 
gemcitabine in patients with pancreatic cancer: RTOG 9704. 
Pharmacogenomics J 12: 395–403, 2012. DOI: 
http://dx.doi.org/10.1038/tpj.2011.22. 

329 Innocenti F, Jiang C and Owzar K: An initial genetic analysis of 
gemcitabine-induced high-grade neutropenia in pancreatic cancer patients 
in CALGB 80303 (Alliance). Pharmacogenet Genomics 29: 123–131, 2019. 
DOI: http://dx.doi.org/10.1097/FPC.0000000000000375. 

330 Wessels JAM, Kooloos WM, De Jonge R, De Vries-Bouwstra JK, Allaart 
CF, Linssen A, Collee G, De Sonnaville P, Lindemans J, Huizinga TWJ and 
Guchelaar H-J: Relationship between genetic variants in the adenosine 
pathway and outcome of methotrexate treatment in patients with recent-
onset rheumatoid arthritis. Arthritis Rheum 54: 2830–2839, 2006. 

331 Aslibekyan S, Sha J, Redden DT, Moreland LW, O’Dell JR, Curtis JR, 
Mikuls TR, Reynolds RJ, Danila MI and Bridges SLJ: Gene-body mass 
index interactions are associated with methotrexate toxicity in rheumatoid 
arthritis. Ann Rheum Dis 73: 785–786, 2014. DOI: 
https://dx.doi.org/10.1136/annrheumdis-2013-204263. 

332 Aslibekyan S, Brown EE, Reynolds RJ, Redden DT, Morgan S, Baggott JE, 
Sha J, Moreland LW, O’Dell JR, Curtis JR, Mikuls TR, Bridges SLJ and 



243 
 

Arnett DK: Genetic variants associated with methotrexate efficacy and 
toxicity in early rheumatoid arthritis: results from the treatment of early 
aggressive rheumatoid arthritis trial. Pharmacogenomics J 14: 48–53, 
2014. DOI: https://dx.doi.org/10.1038/tpj.2013.11. 

333 van der Straaten RJHM, Wessels JAM, de Vries-Bouwstra JK, Goekoop-
Ruiterman YPM, Allaart CF, Bogaartz J, Tiller M, Huizinga TWJ and 
Guchelaar H-J: Exploratory analysis of four polymorphisms in human GGH 
and FPGS genes and their effect in methotrexate-treated rheumatoid 
arthritis patients. Pharmacogenomics 8: 141–150, 2007. DOI: 
http://dx.doi.org/10.2217/14622416.8.2.141. 

334 Kotur N, Lazic J, Ristivojevic B, Stankovic B, Gasic V, Dokmanovic L, 
Krstovski N, Milosevic G, Janic D, Zukic B and Pavlovic S: 
Pharmacogenomic Markers of Methotrexate Response in the 
Consolidation Phase of Pediatric Acute Lymphoblastic Leukemia 
Treatment. Genes (Basel) 11: 468, 2020. DOI: 10.3390/genes11040468. 

335 Seidemann K, Zimmermann M, Book M, Meyer U, Burkhardt B, Welte K, 
Reiter A and Stanulla M: Tumor necrosis factor and lymphotoxin alfa 
genetic polymorphisms and outcome in pediatric patients with non-
Hodgkin’s lymphoma: results from Berlin-Frankfurt-Munster Trial NHL-BFM 
95. J Clin Oncol 23: 8414–8421, 2005. DOI: 
http://dx.doi.org/10.1200/JCO.2005.01.2179. 

336 Goricar K, Kovac V and Dolzan V: Polymorphisms in folate pathway and 
pemetrexed treatment outcome in patients with malignant pleural 
mesothelioma. Radiol Oncol 48: 163–172, 2014. DOI: 
https://dx.doi.org/10.2478/raon-2013-0086. 

337 Adjei AA, Salavaggione OE and Schild SE: Correlation between 
polymorphisms of the reduced folate carrier gene (SLC19A1) and survival 
after pemetrexed-based therapy in non-small cell lung cancer: A north 
central cancer treatment group-based exploratory study. J Thorac Oncol 5: 
1346–1353, 2010. DOI: 
https://dx.doi.org/10.1097/JTO.0b013e3181ec18c4. 

338 Lennard L, Richards S, Cartwright CS, Mitchell C, Lilleyman JS and Vora 
A: The thiopurine methyltransferase genetic polymorphism is associated 
with thioguanine-related veno-occlusive disease of the liver in children with 
acute lymphoblastic leukemia. Clin Pharmacol Ther 80: 375–383, 2006. 
DOI: http://dx.doi.org/10.1016/j.clpt.2006.07.002. 

339 Deeken JF, Cormier T, Price DK, Sissung TM, Steinberg SM, Tran K, 
Liewehr DJ, Dahut WL, Miao X and Figg WD: A pharmacogenetic study of 
docetaxel and thalidomide in patients with castration-resistant prostate 
cancer using the DMET genotyping platform. Pharmacogenomics J 10: 
191–199, 2010. DOI: https://dx.doi.org/10.1038/tpj.2009.57. 

340 Jakobsen Falk I, Lund J, Green H, Gruber A, Alici E, Lauri B, Blimark C, 
Mellqvist U-H, Swedin A, Forsberg K, Carlsson C, Hardling M, Ahlberg L, 
Lotfi K and Nahi H: Pharmacogenetic study of the impact of ABCB1 single-
nucleotide polymorphisms on lenalidomide treatment outcomes in patients 
with multiple myeloma: results from a phase IV observational study and 
subsequent phase II clinical trial. Cancer Chemother Pharmacol 81: 183–
193, 2018. DOI: http://dx.doi.org/10.1007/s00280-017-3481-8. 



244 
 

341 Johnson DC, Corthals SL, Walker BA, Ross FM, Gregory WM, Dickens NJ, 
Lokhorst HM, Goldschmidt H, Davies FE, Durie BGM, Van Ness B, Child 
JA, Sonneveld P and Morgan GJ: Genetic factors underlying the risk of 
thalidomide-related neuropathy in patients with multiple myeloma. J Clin 
Oncol 29: 797–804, 2011. DOI: 
http://dx.doi.org/10.1200/JCO.2010.28.0792. 

342 Johnson DC, Corthals S and Morgan GJ: Genetic associations with 
thalidomide mediated venous thrombotic events in myeloma identified 
using targeted genotyping. Blood 112: 4924–4934, 2008. DOI: 
https://dx.doi.org/10.1182/blood-2008-02-140434. 

343 Fountzilas G, Kotoula V, Pectasides D, Kouvatseas G, Timotheadou E, 
Bobos M, Mavropoulou X, Papadimitriou C, Vrettou E, Raptou G and al.  
et: Ixabepilone administered weekly or every three weeks in HER2-
negative metastatic breast cancer patients; a randomized non-comparative 
phase II trial. PLoS One 8: e69256–e69256, 2013. DOI: 
10.1371/journal.pone.0069256. 

344 Serie DJ, Crook JE, Necela BM, Dockter TJ, Wang X, Asmann YW, 
Fairweather D, Bruno KA, Colon-Otero G, Perez EA, Thompson EA and 
Norton N: Genome-wide association study of cardiotoxicity in the NCCTG 
N9831 (Alliance) adjuvant trastuzumab trial. Pharmacogenet Genomics 27: 
378–385, 2017. DOI: 10.1097/FPC.0000000000000302. 

345 Schneider BP, Li L and Sledge GW: Genetic variant predicts bevacizumab-
induced hypertension in ECOG-5103 and ECOG-2100. Br J Cancer 111: 
1241–1248, 2014. DOI: http://dx.doi.org/10.1038/bjc.2014.430. 

346 Li M, Mulkey F and Kroetz DL: Identification of a Genomic Region between 
SLC29A1 and HSP90AB1 Associated with Risk of Bevacizumab-Induced 
Hypertension: CALGB 80405 (Alliance). Clin Cancer Res 24: 4734–4744, 
2018. DOI: https://dx.doi.org/10.1158/1078-0432.CCR-17-1523. 

347 Pander J, Gelderblom H, Antonini NF, Tol J, van Krieken JHJM, van der 
Straaten T, Punt CJA and Guchelaar H-J: Correlation of FCGR3A and 
EGFR germline polymorphisms with the efficacy of cetuximab in KRAS 
wild-type metastatic colorectal cancer. Eur J Cancer 46: 1829–1834, 2010. 
DOI: http://dx.doi.org/10.1016/j.ejca.2010.03.017. 

348 Madi A, Fisher D and Cheadle JP: Comprehensive pharmacogenetic 
profiling of the epidermal growth factor receptor pathway for biomarkers of 
response to, and toxicity from, cetuximab. J Med Genet 54: 567–571, 2017. 
DOI: 10.1136/jmedgenet-2016-104317. 

349 Ahlgrimm M, Pfreundschuh M, Kreuz M, Regitz E, Preuss K-D and 
Bittenbring J: The impact of Fc-γ receptor polymorphisms in elderly patients 
with diffuse large B-cell lymphoma treated with CHOP with or without 
rituximab. Blood 118: 4657–4662, 2011. DOI: 10.1182/blood-2011-04-
346411. 

350 Boekhout AH, Gietema JA and Schellens JHM: Angiotensin II Receptor 
inhibition with candesartan to prevent trastuzumab-related cardiotoxic 
effects in patients with early breast cancer: a randomized clinical trial. 
JAMA Oncol 2: 1030–1037, 2016. DOI: 10.1001/jamaoncol.2016.1726. 



245 
 

351 Roca L, Dieras V and de Cremoux P: Correlation of HER2, FCGR2A, and 
FCGR3A gene polymorphisms with trastuzumab related cardiac toxicity 
and efficacy in a subgroup of patients from UNICANCER-PACS04 trial. 
Breast Cancer Res Treat 139: 789–800, 2013. DOI: 
http://dx.doi.org/10.1007/s10549-013-2587-x. 

352 Booton R, Ward T, Heighway J, Ashcroft L, Morris J and Thatcher N: 
Glutathione-S-transferase P1 isoenzyme polymorphisms, platinum-based 
chemotherapy, and non-small cell lung cancer. J Thorac Oncol 1: 679–683, 
2006. 

353 Kweekel DM, Gelderblom H, Antonini NF, Van der Straaten T, Nortier JWR, 
Punt CJA and Guchelaar H-J: Glutathione-S-transferase pi (GSTP1) codon 
105 polymorphism is not associated with oxaliplatin efficacy or toxicity in 
advanced colorectal cancer patients. Eur J Cancer 45: 572–578, 2009. 
DOI: https://dx.doi.org/10.1016/j.ejca.2008.10.015. 

354 West H, Coffey M, Wagner MJ, McLeod HL, Colley JP, Adams RA, Fleck 
O, Maughan TS, Fisher D, Kaplan RS, Harris R and Cheadle JP: Role for 
Nucleotide Excision Repair Gene Variants in Oxaliplatin-Induced 
Peripheral Neuropathy. JCO Precis Oncol: 1–18, 2018. DOI: 
10.1200/po.18.00090. 

355 Kweekel DM, Antonini NF, Nortier JWR, Punt CJA, Gelderblom H and 
Guchelaar H-J: Explorative study to identify novel candidate genes related 
to oxaliplatin efficacy and toxicity using a DNA repair array. Br J Cancer 
101: 357–362, 2009. DOI: https://dx.doi.org/10.1038/sj.bjc.6605134. 

356 Broyl A, Corthals SL, Jongen JL, van der Holt B, Kuiper R, de Knegt Y, van 
Duin M, el Jarari L, Bertsch U, Lokhorst HM, Durie BG, Goldschmidt H and 
Sonneveld P: Mechanisms of peripheral neuropathy associated with 
bortezomib and vincristine in patients with newly diagnosed multiple 
myeloma: a prospective analysis of data from the HOVON-65/GMMG-HD4 
trial. Lancet Oncol 11: 1057–1065, 2010. DOI: 
https://dx.doi.org/10.1016/S1470-2045(10)70206-0. 

357 Magrangeas F, Kuiper R and Minvielle S: A Genome-Wide Association 
Study Identifies a Novel Locus for Bortezomib-Induced Peripheral 
Neuropathy in European Patients with Multiple Myeloma. Clin Cancer Res 
22: 4350–4355, 2016. DOI: https://dx.doi.org/10.1158/1078-0432.CCR-15-
3163. 

358 Schaid DJ, Spraggs CF, McDonnell SK, Parham LR, Cox CJ, Ejlertsen B, 
Finkelstein DM, Rappold E, Curran J, Cardon LR and Goss PE: 
Prospective validation of HLA-DRB1*07:01 allele carriage as a predictive 
risk factor for lapatinib-induced liver injury. J Clin Oncol 32: 2296–2303, 
2014. DOI: https://dx.doi.org/10.1200/JCO.2013.52.9867. 

359 Spraggs CF, Parham LR and Piccart M: Characterisation of the HLA-
DRB1*07:01 biomarker for lapatinib-induced liver toxicity during treatment 
of early-stage breast cancer patients with lapatinib in combination with 
trastuzumab and/or taxanes. Pharmacogenomics J 18: 480–486, 2018. 
DOI: https://dx.doi.org/10.1038/tpj.2017.39. 

360 Xu C-F, Reck BH, Goodman VL, Xue Z, Huang L, Barnes MR, Koshy B, 
Spraggs CF, Mooser VE, Cardon LR and Pandite LN: Association of the 



246 
 

hemochromatosis gene with pazopanib-induced transaminase elevation in 
renal cell carcinoma. J Hepatol 54: 1237–1243, 2011. DOI: 
https://dx.doi.org/10.1016/j.jhep.2010.09.028. 

361 Crona DJ, Skol AD, Leppanen V-M, Glubb DM, Etheridge AS, Hilliard E, 
Pena CE, Peterson YK, Klauber-DeMore N, Alitalo KK and Innocenti F: 
Genetic variants of VEGFA and FLT4 are determinants of survival in renal 
cell carcinoma patients treated with sorafenib. Cancer Res 79: 231–241, 
2019. DOI: http://dx.doi.org/10.1158/0008-5472.CAN-18-1089. 

362 Charehbili A, de Groot S, van der Straaten T, Swen JJ, Pijl H, Gelderblom 
H, van de Velde CJH, Nortier JWR, Guchelaar HJ and Kroep JR: 
Exploratory Analysis of Candidate Germline Gene Polymorphisms in 
Breast Cancer Patients Treated With Neoadjuvant Anthracycline-
Containing Chemotherapy and Associations With Febrile Neutropenia. 
Pharmacogenomics 16: 1267–1276, 2015. DOI: 
https://dx.doi.org/10.2217/PGS.15.74. 

363 van Rosssum AGJ, Kok M and Linn SC: Independent replication of 
polymorphisms predicting toxicity in breast cancer patients randomized 
between dose-dense and docetaxel-containing adjuvant chemotherapy. 
Oncotarget 8: 113531–113542, 2017. PMID: 29371927. DOI: 
http://dx.doi.org/10.18632/oncotarget.22697. 

364 He YJ, Winham SJ, Hoskins JM, Glass S, Paul J, Brown R, Motsinger-Reif 
A and McLeod HL: Carboplatin/taxane-induced gastrointestinal toxicity: a 
pharmacogenomics study on the SCOTROC1 trial. Pharmacogenomics J 
16: 243–248, 2016. PMID: 26194361. DOI: 
https://dx.doi.org/10.1038/tpj.2015.52. 

365 Kim K-S, Oh I-J and Kim Y-IY-C: Comparison of docetaxel/cisplatin 
dosages of 75/60 and 60/60 mg/m(2) for the treatment of non-small cell 
lung cancer. Exp Ther Med 4: 317–322, 2012. DOI: 
http://dx.doi.org/10.3892/etm.2012.597. 

366 Gandara DR, Kawaguchi T and Mack PC: Japanese-US common-arm 
analysis of paclitaxel plus carboplatin in advanced non-small-cell lung 
cancer: A model for assessing population-related pharmacogenomics. J 
Clin Oncol 27: 3540–3546, 2009. DOI: 
http://dx.doi.org/10.1200/JCO.2008.20.8793. 

367 Bergmann TK, Gréen H, Brasch-Andersen C, Mirza MR, Herrstedt J, 
Hølund B, Du Bois A, Damkier P, Vach W, Brosen K and Peterson C: 
Retrospective study of the impact of pharmacogenetic variants on 
paclitaxel toxicity and survival in patients with ovarian cancer. Eur J Clin 
Pharmacol 67: 693–700, 2011. PMID: 21327421. DOI: 10.1007/s00228-
011-1007-6. 

368 Bjorn N, Jakobsen Falk I, Vergote I and Green H: ABCB1 Variation Affects 
Myelosuppression, Progression-free Survival and Overall Survival in 
Paclitaxel/Carboplatin-treated Ovarian Cancer Patients. Basic Clin 
Pharmacol Toxicol 123: 277–287, 2018. DOI: 
https://dx.doi.org/10.1111/bcpt.12997. 

369 Marsh S, Paul J, King CR, Gifford G, McLeod HL and Brown R: 
Pharmacogenetic assessment of toxicity and outcome after platinum plus 



247 
 

taxane chemotherapy in ovarian cancer: The scottish randomised trial in 
ovarian cancer. J Clin Oncol 25: 4528–4535, 2007. DOI: 
10.1200/JCO.2006.10.4752. 

370 Hertz DL, Owzar K and McLeod HL: Pharmacogenetic Discovery in CALGB 
(Alliance) 90401 and Mechanistic Validation of a VAC14 Polymorphism that 
Increases Risk of Docetaxel-Induced Neuropathy. Clin Cancer Res 22: 
4890–4900, 2016. DOI: http://dx.doi.org/10.1158/1078-0432.CCR-15-
2823. 

371 Callens C, Debled M, Delord M, Turbiez-Stalain I, Veyret C, Bieche I and 
Brain E: High-throughput pharmacogenetics identifies SLCO1A2 
polymorphisms as candidates to elucidate the risk of febrile neutropenia in 
the breast cancer RAPP-01 trial. Breast Cancer Res Treat 153: 383–389, 
2015. DOI: http://dx.doi.org/10.1007/s10549-015-3552-7. 

372 Sucheston LE, Zhao H and Ambrosone CB: Genetic predictors of taxane-
induced neurotoxicity in a SWOG phase III intergroup adjuvant breast 
cancer treatment trial (S0221). Breast Cancer Res Treat 130: 993–1002, 
2011. DOI: https://dx.doi.org/10.1007/s10549-011-1671-3. 

373 Park SB, Kwok JB, Asher R, Lee CK, Beale P, Selle F and Friedlander M: 
Clinical and genetic predictors of paclitaxel neurotoxicity based on patient- 
versus clinician-reported incidence and severity of neurotoxicity in the 
ICON7 trial. Ann Oncol  Off J Eur Soc Med Oncol 28: 2733–2740, 2017. 
DOI: https://dx.doi.org/10.1093/annonc/mdx491. 

374 Ciruelos E, Apellaniz-Ruiz M, Cantos B, Martinez-Janez N, Bueno-Muino 
C, Echarri M-J, Enrech S, Guerra J-A, Manso L, Pascual T, Dominguez C, 
Gonzalo J-F, Sanz J-L, Rodriguez-Antona C and Sepulveda J-M: A Pilot, 
Phase II, Randomized, Open-Label Clinical Trial Comparing the 
Neurotoxicity of Three Dose Regimens of Nab-Paclitaxel to That of Solvent-
Based Paclitaxel as the First-Line Treatment for Patients with Human 
Epidermal Growth Factor Receptor Type 2-N. Oncologist 24: e1024–
e1033, 2019. DOI: http://dx.doi.org/10.1634/theoncologist.2017-0664. 

375 Lam SW, Frederiks CN, van der Straaten T, Honkoop AH, Guchelaar H-J 
and Boven E: Genotypes of CYP2C8 and FGD4 and their association with 
peripheral neuropathy or early dose reduction in paclitaxel-treated breast 
cancer patients. Br J Cancer 115: 1335–1342, 2016. DOI: 
http://dx.doi.org/10.1038/bjc.2016.326. 

376 Baldwin RM, Owzar K and Kroetz DL: A genome-wide association study 
identifies novel loci for paclitaxel-induced sensory peripheral neuropathy in 
CALGB 40101. Clin Cancer Res 18: 5099–5109, 2012. PMID: 22843789. 
DOI: http://dx.doi.org/10.1158/1078-0432.CCR-12-1590. 

377 Schneider BP, Li L and Sledge GW: Genome-Wide Association Studies for 
Taxane-Induced Peripheral Neuropathy in ECOG-5103 and ECOG-1199. 
Clin Cancer Res 21: 5082–5091, 2015. PMID: 26138065. DOI: 
10.1158/1078-0432.CCR-15-0586. 

378 Cremolini C, Del Re M and Danesi R: DPYD and UGT1A1 genotyping to 
predict adverse events during first-line FOLFIRI or FOLFOXIRI plus 
bevacizumab in metastatic colorectal cancer. Oncotarget 9: 7859–7866, 
2018. DOI: http://dx.doi.org/10.18632/oncotarget.23559. 



248 
 

379 McLeod HL, Sargent DJ and Goldberg RM: Pharmacogenetic predictors of 
adverse events and response to chemotherapy in metastatic colorectal 
cancer: Results from North American Gastrointestinal Intergroup Trial 
N9741. J Clin Oncol 28: 3227–3233, 2010. DOI: 
10.1200/JCO.2009.21.7943. 

380 Boige V, Mendiboure J, Pignon JP, Loriot MA, Castaing M, Barrois M, 
Malka D, Trégouët DA, Bouché O, Le Corre D, Miran I, Mulot C, Ducreux 
M, Beaune P and Laurent-Puig P: Pharmacogenetic assessment of toxicity 
and outcome in patients with metastatic colorectal cancer treated with 
LV5FU2, FOLFOX, and FOLFIRI: FFCD 2000-05. J Clin Oncol 28: 2556–
2564, 2010. DOI: 10.1200/JCO.2009.25.2106. 

381 Braun MS, Richman SD, Thompson L, Daly CL, Meade AM, Adlard JW, 
Allan JM, Parmar MKBB, Quirke P and Seymour MT: Association of 
molecular markers with toxicity outcomes in a randomized trial of 
chemotherapy for advanced colorectal cancer: the FOCUS trial. J Clin 
Oncol 27: 5519–5528, 2009. DOI: 
https://dx.doi.org/10.1200/JCO.2008.21.6283. 

382 Tejpar S, Yan P, Piessevaux H, Dietrich D, Brauchli P, Klingbiel D, Fiocca 
R, Delorenzi M, Bosman F and Roth AD: Clinical and pharmacogenetic 
determinants of 5-fluorouracyl/leucovorin/irinotecan toxicity: Results of the 
PETACC-3 trial. Eur J Cancer 99: 66–77, 2018. DOI: 
https://dx.doi.org/10.1016/j.ejca.2018.05.009. 

383 Glimelius B, Garmo H, Berglund Å, Fredriksson LA, Berglund M, Kohnke 
H, Byström P, Sørbye H, Wadelius M, Berglund A, Fredriksson LA, 
Berglund M, Kohnke H, Bystrom P, Sorbye H and Wadelius M: Prediction 
of irinotecan and 5-fluorouracil toxicity and response in patients with 
advanced colorectal cancer. Pharmacogenomics J 11: 61–71, 2011. PMID: 
20177420. DOI: 10.1038/tpj.2010.10. 

384 Martinez-Balibrea E, Abad A and Moreno V: UGT1A and TYMS genetic 
variants predict toxicity and response of colorectal cancer patients treated 
with first-line irinotecan and fluorouracil combination therapy. Br J Cancer 
103: 581–589, 2010. DOI: https://dx.doi.org/10.1038/sj.bjc.6605776. 

385 Lara PNJ, Natale R, Crowley J, Lenz HJ, Redman MW, Carleton JE, Jett 
J, Langer CJ, Kuebler JP, Dakhil SR, Chansky K and Gandara DR: Phase 
III trial of irinotecan/cisplatin compared with etoposide/cisplatin in 
extensive-stage small-cell lung cancer: clinical and pharmacogenomic 
results from SWOG S0124. J Clin Oncol 27: 2530–2535, 2009. DOI: 
http://dx.doi.org/10.1200/JCO.2008.20.1061. 

386 Shi Y, Hu Y, Hu X, Li X, Lin L and Han X: Cisplatin combined with irinotecan 
or etoposide for untreated extensive-stage small cell lung cancer: A 
multicenter randomized controlled clinical trial. Thorac Cancer 6: 785–791, 
2015. DOI: 10.1111/1759-7714.12303. 

387 Kweekel DM, Koopman M, Antonini NF, Van der Straaten T, Nortier JWR, 
Gelderblom H, Punt CJA and Guchelaar H-J: GSTP1 Ile105Val 
polymorphism correlates with progression-free survival in MCRC patients 
treated with or without irinotecan: A study of the Dutch Colorectal Cancer 
Group. Br J Cancer 99: 1316–1321, 2008. DOI: 
https://dx.doi.org/10.1038/sj.bjc.6604654. 



249 
 

388 Madi A, Fisher D, Maughan TS, Colley JP, Meade AM, Maynard J, 
Humphreys V, Wasan H, Adams RA, Idziaszczyk S, Harris R, Kaplan RS 
and Cheadle JP: Pharmacogenetic analyses of 2183 patients with 
advanced colorectal cancer; potential role for common dihydropyrimidine 
dehydrogenase variants in toxicity to chemotherapy. Eur J Cancer 102: 31–
39, 2018. PMID: 30114658. DOI: 
https://dx.doi.org/10.1016/j.ejca.2018.07.009. 

389 Lee AM, Shi Q, Pavey E, Alberts SR, Sargent DJ, Sinicrope FA, Berenberg 
JL, Goldberg RM and Diasio RB: DPYD variants as predictors of 5-
fluorouracil toxicity in adjuvant colon cancer treatment (NCCTG N0147). J 
Natl Cancer Inst 106: dju298, 2014. DOI: 
http://dx.doi.org/10.1093/jnci/dju298. 

390 Boige VV, Vincent M and Laurent-Puig P: DPYD Genotyping to Predict 
Adverse Events Following Treatment With Fluorouracil-Based Adjuvant 
Chemotherapy in Patients With Stage III Colon Cancer: A Secondary 
Analysis of the PETACC-8 Randomized Clinical Trial. JAMA Oncol 2: 655–
662, 2016. DOI: https://dx.doi.org/10.1001/jamaoncol.2015.5392. 

391 Han JY, Shin ES, Lee YS, Ghang HY, Kim SY, Hwang JA, Kim JY and Lee 
JS: A genome-wide association study for irinotecan-related severe 
toxicities in patients with advanced non-small-cell lung cancer. 
Pharmacogenomics J 13: 417–422, 2013. DOI: 10.1038/tpj.2012.24. 

392 Kirzin S, Kramar A, Mosnier J-F, Diebold M-D, Soubeyran I, Thirouard A-
S, Selves J, Laurent-Puig P, Ychou M and Côté JF: UGT1A1 polymorphism 
can predict hematologic toxicity in patients treated with irinotecan. Clin 
Cancer Res 13: 3269–3275, 2007. DOI: 10.1158/1078-0432.CCR-06-
2290. 

393 Nakamura Y, Soda H, Oka M, Kinoshita A, Fukuda MM, Fukuda MM, 
Takatani H, Nagashima S, Soejima Y, Kasai T, Nakatomi K, Masuda N, 
Tsukamoto K and Kohno S: Randomized phase II trial of irinotecan with 
paclitaxel or gemcitabine for non-small cell lung cancer: Association of 
UGT1A1*6 and UGT1A1*27 with severe neutropenia. J Thorac Oncol 6: 
121–127, 2011. DOI: 10.1097/JTO.0b013e318200e4e8. 

394 Parodi L, Pickering E, Cisar LA, Lee D and Soufi-Mahjoubi R: Utility of 
pretreatment bilirubin level and UGT1A1 polymorphisms in multivariate 
predictive models of neutropenia associated with irinotecan treatment in 
previously untreated patients with colorectal cancer. Arch Drug Inf 1: 97–
106, 2008. DOI: http://dx.doi.org/10.1111/j.1753-5174.2008.00014.x. 

395 Soepenberg O, Dumez H and van Oosterom AT: Phase I pharmacokinetic, 
food effect, and pharmacogenetic study of oral irinotecan given as 
semisolid matrix capsules in patients with solid tumors. Clin Cancer Res 
11: 1504–1511, 2005. DOI: http://dx.doi.org/10.1158/1078-0432.CCR-04-
1758. 

396 de Jong FA, Kehrer DFS and de Jonge MJA: Prophylaxis of irinotecan-
induced diarrhea with neomycin and potential role for UGT1A1*28 
genotype screening: A double-blind, randomized, placebo-controlled study. 
Oncologist 11: 944–954, 2006. DOI: 
http://dx.doi.org/10.1634/theoncologist.11-8-944. 



250 
 

397 Diouf B, Crews KR and Evans WE: Association of an inherited genetic 
variant with vincristine-related peripheral neuropathy in children with acute 
lymphoblastic leukemia. JAMA - J Am Med Assoc 313: 815–823, 2015. 
DOI: http://dx.doi.org/10.1001/jama.2015.0894. 

398 Mega JL, Close SL, Wiviott SD, Shen L, Walker JR, Simon T, Antman EM, 
Braunwald E and Sabatine MS: Genetic variants in ABCB1 and CYP2C19 
and cardiovascular outcomes after treatment with clopidogrel and 
prasugrel in the TRITON-TIMI 38 trial: A pharmacogenetic analysis. Lancet 
(London, England) 376: 1312–1319, 2010. DOI: 
http://dx.doi.org/10.1016/S0140-6736%2810%2961273-1. 

399 Wu Y, Zhou Y, Pan Y, Zhao X, Liu L, Wang D, Wang C, Li H, Johnston SC, 
Meng X, Wang Y and Wang Y: Impact of CYP2C19 polymorphism in 
prognosis of minor stroke or TIA patients with declined eGFR on dual 
antiplatelet therapy: CHANCE substudy. Pharmacogenomics J 18: 713–
720, 2018. DOI: https://dx.doi.org/10.1038/s41397-018-0018-4. 

400 Collet JP, Hulot JS and Montalescot G: Genetic and platelet function testing 
of antiplatelet therapy for percutaneous coronary intervention: The 
ARCTIC-GENE study. Eur J Clin Pharmacol 71: 1315–1324, 2015. DOI: 
https://dx.doi.org/10.1007/s00228-015-1917-9. 

401 Pare G, Ross S, Mehta SR, Yusuf S, Anand SS, Connolly SJ, Fox KAA and 
Eikelboom JW: Effect of PON1 Q192R genetic polymorphism on 
clopidogrel efficacy and cardiovascular events in the Clopidogrel in the 
Unstable Angina to Prevent Recurrent Events trial and the Atrial Fibrillation 
Clopidogrel Trial with Irbesartan for Prevention of Vascula. Circ Cardiovasc 
Genet 5: 250–256, 2012. DOI: 
http://dx.doi.org/10.1161/CIRCGENETICS.111.961417. 

402 Mega JL, Close SL, Wiviott SD, Shen L, Hockett RD, Brandt JT, Walker 
JR, Antman EM, Macias WL, Braunwald E and Sabatine MS: Cytochrome 
P450 genetic polymorphisms and the response to prasugrel relationship to 
pharmacokinetic, pharmacodynamic, and clinical outcomes. Circulation 
119: 2553–2560, 2009. PMID: 19414633. DOI: 
http://dx.doi.org/10.1161/CIRCULATIONAHA.109.851949. 

403 Muckian C, Fitzgerald A, O’Neill A, O’Byrne A, Fitzgerald DJ and Shields 
DC: Genetic variability in the extracellular matrix as a determinant of 
cardiovascular risk: Association of type III collagen COL3A1 
polymorphisms with coronary artery disease. Blood 100: 1220–1223, 2002. 
DOI: http://dx.doi.org/10.1182/blood-2002-01-0283. 

404 Kenny D, Muckian C, Fitzgerald DJ, Cannon CP and Shields DC: Platelet 
glycoprotein Ibα receptor polymorphisms and recurrent ischaemic events 
in acute coronary syndrome patients. J Thromb Thrombolysis 13: 13–19, 
2002. DOI: 10.1023/A:1015307823578. 

405 O’Connor FF, Shields DC, Fitzgerald A, Cannon CP, Braunwald E and 
Fitzgerald DJ: Genetic variation in glycoprotein IIb/IIIa (GPIIb/IIIa) as a 
determinant of the responses to an oral GPIIb/IIIa antagonist in patients 
with unstable coronary syndromes. Blood 98: 3256–3260, 2001. DOI: 
http://dx.doi.org/10.1182/blood.V98.12.3256. 

406 Maree AO, Vangjeli C, Jneid H, Ryan J, Cox D, Cannon CP, Shields DC 



251 
 

and Fitzgerald DJ: G-protein beta3 subunit polymorphism and bleeding in 
the orbofiban in patients with unstable coronary syndromes-thrombolysis in 
myocardial infarction 16 trial. J Thromb Haemost 8: 934–941, 2010. DOI: 
http://dx.doi.org/10.1111/j.1538-7836.2010.03775.x. 

407 Shields DC, Fitzgerald AP, O’Neill PA, Muckian C, Kenny D, Moran B, 
Cannon CP, Byrne CE and Fitzgerald DJ: The contribution of genetic 
factors to thrombotic and bleeding outcomes in coronary patients 
randomised to IIb/IIIa antagonists. Pharmacogenomics J 2: 182–190, 2002. 
DOI: http://dx.doi.org/10.1038/sj.tpj.6500100. 

408 Zell JA, McLaren CE, Chen W-P, Thompson PA, Gerner EW and Meyskens 
FL: Ornithine decarboxylase-1 polymorphism, chemoprevention with 
eflornithine and sulindac, and outcomes among colorectal adenoma 
patients. J Natl Cancer Inst 102: 1513–1516, 2010. DOI: 
http://dx.doi.org/10.1093/jnci/djq325. 

409 Tsai H-T, Caroff SN, Miller DD, McEvoy J, Lieberman JA, North KE, Stroup 
TS and Sullivan PF: A candidate gene study of Tardive dyskinesia in the 
CATIE schizophrenia trial. Am J Med Genet B Neuropsychiatr Genet 153B: 
336–340, 2010. DOI: https://dx.doi.org/10.1002/ajmg.b.30981. 

410 Corfitsen HT, Krantz B, Larsen A and Drago A: Molecular pathway analysis 
associates alterations in obesity-related genes and antipsychotic-induced 
weight gain. Acta Neuropsychiatr 32: 72–83, 2020. DOI: 
http://dx.doi.org/10.1017/neu.2019.41. 

411 Perez-Iglesias R, Mata I, Amado JA, Berja A, Garcia-Unzueta MT, Martinez 
Garcia O, Arranz MJ, Vazquez-Barquero JL and Crespo-Facorro B: Effect 
of FTO, SH2B1, LEP, and LEPR polymorphisms on weight gain associated 
with antipsychotic treatment. J Clin Psychopharmacol 30: 661–666, 2010. 

412 Creta E, Fabbri C and Serretti A: Genetics of second-generation 
antipsychotic and mood stabilizer-induced weight gain in bipolar disorder: 
Common and specific effects of key regulators of fat-mass homoeostasis 
genes. Pharmacogenet Genomics 25: 354–362, 2015. DOI: 
http://dx.doi.org/10.1097/FPC.0000000000000144. 

413 Grossman I, Sullivan PF, Walley N, Liu Y, Dawson JR, Gumbs C, Gaedigk 
A, Leeder JS, McEvoy JP, Weale ME and Goldstein DB: Genetic 
determinants of variable metabolism have little impact on the clinical use of 
leading antipsychotics in the CATIE study. Genet Med 10: 720–729, 2008. 
DOI: http://dx.doi.org/10.1097/GIM.0b013e3181863239. 

414 Tybura P, Trzesniowska-Drukala B, Bienkowski P, Beszlej A, Frydecka D, 
Mierzejewski P, Samochowiec A, Grzywacz A and Samochowiec J: 
Pharmacogenetics of adverse events in schizophrenia treatment: 
comparison study of ziprasidone, olanzapine and perazine. Psychiatry Res 
219: 261–267, 2014. DOI: 
http://dx.doi.org/10.1016/j.psychres.2014.05.039. 

415 Aklillu E, Kalow W, Endrenyi L, Harper P, Miura J and Ozdemir V: CYP2D6 
and DRD2 genes differentially impact pharmacodynamic sensitivity and 
time course of prolactin response to perphenazine. Pharmacogenet 
Genomics 17: 989‐993, 2007. DOI: 10.1097/FPC.0b013e3282f01aa3. 



252 
 

416 Mihara K, Suzuki A, Kondo T, Nagashima U, Ono S, Otani K and Kaneko 
S: No relationship between Taq1 A polymorphism of dopamine D2 receptor 
gene and extrapyramidal adverse effects of selective dopamine D2 
antagonists, bromperidol, and nemonapride in schizophrenia: A preliminary 
study. Am J Med Genet 96: 422–424, 2000. DOI: 
http://dx.doi.org/10.1002/1096-8628%2820000612%2996:3%3C422::AID-
AJMG35%3E3.0.CO;2-5. 

417 Mihara K, Kondo T, Suzuki A, Yasui N, Ono S, Otani K and Kaneko S: No 
relationship between--141C Ins/Del polymorphism in the promoter region 
of dopamine D2 receptor and extrapyramidal adverse effects of selective 
dopamine D2 antagonists in schizophrenic patients: a preliminary study. 
Psychiatry Res 101: 33–38, 2001. 

418 Tiwari AK, Brandl EJ, Zai CC, Goncalves VF, Chowdhury NI, Freeman N, 
Lieberman JA, Meltzer HY, Kennedy JL and Müller DJ: Association of 
orexin receptor polymorphisms with antipsychotic-induced weight gain. 
World J Biol Psychiatry 17: 221–229, 2016. DOI: 
http://dx.doi.org/10.3109/15622975.2015.1076173. 

419 Zhang J-P, Robinson DG, Gallego JA, John M, Yu J, Addington J, Tohen 
M, Kane JM, Malhotra AK and Lencz T: Association of a Schizophrenia 
Risk Variant at the DRD2 Locus With Antipsychotic Treatment Response 
in First-Episode Psychosis. Schizophr Bull 41: 1248–1255, 2015. DOI: 
https://dx.doi.org/10.1093/schbul/sbv116. 

420 Schacht JP, Voronin KE, Randall PK and Anton RF: Dopaminergic Genetic 
Variation Influences Aripiprazole Effects on Alcohol Self-Administration and 
the Neural Response to Alcohol Cues in a Randomized Trial. 
Neuropsychopharmacology 43: 1247–1256, 2018. DOI: 
10.1038/npp.2017.298. 

421 Potkin SG, Preskorn S, Hochfeld M and Meng X: A thorough QTc study of 
3 doses of iloperidone including metabolic inhibition via CYP2D6 and/or 
CYP3A4 and a comparison to quetiapine and ziprasidone. J Clin 
Psychopharmacol 33: 3–10, 2013. DOI: 
http://dx.doi.org/10.1097/JCP.0b013e31827c0314. 

422 Thompson A, Lavedan C, Volpi S, A. T and C. L: Absence of weight gain 
association with the HTR2C -759C/T polymorphism in patients with 
schizophrenia treated with iloperidone. Psychiatry Res 175: 271–273, 
2010. DOI: http://dx.doi.org/10.1016/j.psychres.2009.03.020. 

423 Cabaleiro T, Lopez-Rodriguez R, Ochoa D, Roman M, Novalbos J and 
Abad-Santos F: Polymorphisms influencing olanzapine metabolism and 
adverse effects in healthy subjects. Hum Psychopharmacol 28: 205–214, 
2013. DOI: https://dx.doi.org/10.1002/hup.2308. 

424 Houston J, Dharia S, Bishop JR, Ellingrod VL, Fijal B, Jacobson JG and 
Hoffmann VP: Association of DRD2 and ANKK1 polymorphisms with 
prolactin increase in olanzapine-treated women. Psychiatry Res 187: 74–
79, 2011. DOI: 10.1016/j.psychres.2010.10.020. 

425 Houston JP, Kohler J, Bishop JR, Ellingrod VL, Ostbye KM, Zhao F, Conley 
RR, Poole Hoffmann V and Fijal BA: Pharmacogenomic associations with 
weight gain in olanzapine treatment of patients without schizophrenia. J 



253 
 

Clin Psychiatry 73: 1077–1086, 2012. DOI: 
https://dx.doi.org/10.4088/JCP.11m06916. 

426 Novalbos J, Lopez-Rodriguez R, Roman M, Gallego-Sandin S, Ochoa D 
and Abad-Santos F: Effects of CYP2D6 genotype on the pharmacokinetics, 
pharmacodynamics, and safety of risperidone in healthy volunteers. J Clin 
Psychopharmacol 30: 504–511, 2010. DOI: 
http://dx.doi.org/10.1097/JCP.0b013e3181ee84c7. 

427 Cabaleiro T, Ochoa D, Lopez-Rodriguez R, Roman M, Novalbos J, Ayuso 
C and Abad-Santos F: Effect of polymorphisms on the pharmacokinetics, 
pharmacodynamics, and safety of risperidone in healthy volunteers. Hum 
Psychopharmacol 29: 459–469, 2014. 

428 Anderson GM, Scahill L, McCracken JT, McDougle CJ, Aman MG, Tierney 
E, Arnold LE, Martin A, Katsovich L, Posey DJ, Shah B and Vitiello B: 
Effects of short- and long-term risperidone treatment on prolactin levels in 
children with autism. Biol Psychiatry 61: 545–550, 2007. DOI: 
http://dx.doi.org/10.1016/j.biopsych.2006.02.032. 

429 Nurmi EL, Spilman SL, Whelan F, Scahill LL, Aman MG, McDougle CJ, 
Arnold LE, Handen B, Johnson C, Sukhodolsky DG, Posey DJ, Lecavalier 
L, Stigler KA, Ritz L, Tierney E, Vitiello B and McCracken JT: Moderation 
of antipsychotic-induced weight gain by energy balance gene variants in 
the RUPP autism network risperidone studies. Transl Psychiatry 3: e274, 
2013. DOI: http://dx.doi.org/10.1038/tp.2013.26. 

430 Musil R, Spellmann I, Riedel M, Dehning S, Douhet A, Maino K, Zill P, 
Müller N, Möller H-J and Bondy B: SNAP-25 gene polymorphisms and 
weight gain in schizophrenic patients. J Psychiatr Res 42: 963–970, 2008. 
DOI: http://dx.doi.org/10.1016/j.jpsychires.2007.11.003. 

431 Paré G, Eriksson N and Wallentin L: Genetic determinants of dabigatran 
plasma levels and their relation to bleeding. Circulation 127: 1404–1412, 
2013. DOI: 10.1161/CIRCULATIONAHA.112.001233. 

432 Munderi P, Snowden WB, Walker AS, Kityo C, Mosteller M, Kabuye G, 
Thoofer NK, Ssali F, Gilks CF and Hughes AR: Distribution of HLA-B alleles 
in a Ugandan HIV-infected adult population: NORA pharmacogenetic 
substudy of DART. Trop Med Int Heal 16: 200–204, 2011. DOI: 
https://dx.doi.org/10.1111/j.1365-3156.2010.02688.x. 

433 Motsinger AA, Ritchie MD and Haas DW: Multilocus genetic interactions 
and response to efavirenz-containing regimens: an adult AIDS clinical trials 
group study. Pharmacogenet Genomics 16: 837–845, 2006. DOI: 
http://dx.doi.org/10.1097/01.fpc.0000230413.97596.fa. 

434 Haas DW, Ribaudo HJ, Kim RB, Tierney C, Wilkinson GR, Gulick RM, 
Clifford DB, Hulgan T, Marzolini C and Acosta EP: Pharmacogenetics of 
efavirenz and central nervous system side effects: an Adult AIDS Clinical 
Trials Group study. AIDS 18: 2391–2400, 2004. 

435 Haas DW, Bradford Y, Verma A, Verma SS, Eron JJ, Gulick RM, Riddler 
SA, Sax PE, Daar ES, Morse GD, Acosta EP and Ritchie MD: Brain 
neurotransmitter transporter/receptor genomics and efavirenz central 
nervous system adverse events. Pharmacogenet Genomics 28: 179–187, 



254 
 

2018. DOI: http://dx.doi.org/10.1097/FPC.0000000000000341. 

436 Kallianpur AR, Hulgan T, Canter JA, Ritchie MD, Haines JL, Robbins GK, 
Shafer RW, Clifford DB and Haas DW: Hemochromatosis (HFE) gene 
mutations and peripheral neuropathy during antiretroviral therapy. AIDS 20: 
1503–1513, 2006. DOI: 10.1097/01.aids.0000237366.56864.3c. 

437 Canter JA, Haas DW, Kallianpur AR, Ritchie MD, Robbins GK, Shafer RW, 
Clifford DB, Murdock DG and Hulgan T: The mitochondrial 
pharmacogenomics of haplogroup T: MTND2*LHON4917G and 
antiretroviral therapy-associated peripheral neuropathy. 
Pharmacogenomics J 8: 71–77, 2008. DOI: 
http://dx.doi.org/10.1038/sj.tpj.6500470. 

438 Vardhanabhuti S, Ribaudo HJ, Landovitz RJ, Ofotokun I, Lennox JL, 
Currier JS, Olson LM and Haas DW: Screening for UGT1A1 Genotype in 
Study A5257 Would Have Markedly Reduced Premature Discontinuation 
of Atazanavir for Hyperbilirubinemia. Open forum Infect Dis 2: ofv085–
ofv085, 2015. DOI: 10.1093/ofid/ofv085. 

439 Ribaudo HJ, Daar ES, Tierney C, Morse GD, Mollan K, Sax PE, Fischl MA, 
Collier AC, Haas DW and Group DSCT: Impact of UGT1A1 Gilbert variant 
on discontinuation of ritonavir-boosted atazanavir in AIDS Clinical Trials 
Group Study A5202. J Infect Dis 207: 420–425, 2013. DOI: 
10.1093/infdis/jis690. 

440 Bohanes P, Rankin CJ and Lenz H-J: Pharmacogenetic Analysis of INT 
0144 Trial: Association of Polymorphisms with Survival and Toxicity in 
Rectal Cancer Patients Treated with 5-FU and Radiation. Clin Cancer Res 
21: 1583–1590, 2015. DOI: http://dx.doi.org/10.1158/1078-0432.CCR-14-
0857. 

441 Fijal BA, Guo Y, Li SG, Ahl J, Goto T, Tanaka Y, Nisenbaum LK and 
Upadhyaya HP: CYP2D6 predicted metabolizer status and safety in adult 
patients with attention-deficit hyperactivity disorder participating in a large 
placebo-controlled atomoxetine maintenance of response clinical trial. J 
Clin Pharmacol 55: 1167–1174, 2015. DOI: 
https://dx.doi.org/10.1002/jcph.530. 

442 Matsui A, Azuma J, Witcher JW, Long AJ, Sauer J-M, Smith BP, DeSante 
KA, Read HA, Takahashi M and Nakano M: Pharmacokinetics, safety, and 
tolerability of atomoxetine and effect of CYP2D6*10/*10 genotype in 
healthy Japanese men. J Clin Pharmacol 52: 388–403, 2012. DOI: 
http://dx.doi.org/10.1177/0091270011398657. 

443 Mick E, Biederman J, Spencer T, Faraone S V and Sklar P: Absence of 
association with DAT1 polymorphism and response to methylphenidate in 
a sample of adults with ADHD. Am J Med Genet Part B Neuropsychiatr 
Genet 141B: 890–894, 2006. DOI: http://dx.doi.org/10.1002/ajmg.b.30376. 

444 McGOUGH J, McCRACKEN J and Vitiello B: Pharmacogenetics of 
methylphenidate response in preschoolers with ADHD. J Am Acad Child 
Adolesc Psychiatry 45: 1314–1322, 2006. DOI: 
https://dx.doi.org/10.1097/01.chi.0000235083.40285.08. 

445 Marino S, Verzegnassi F, Tamaro P, Stocco G, Bartoli F, Decorti G and 



255 
 

Rabusin M: Response to glucocorticoids and toxicity in childhood acute 
lymphoblastic leukemia: role of polymorphisms of genes involved in 
glucocorticoid response. Pediatr Blood Cancer 53: 984–991, 2009. DOI: 
https://dx.doi.org/10.1002/pbc.22163. 

446 Ala-Mutka EM, Rimpelä JM, Fyhrquist F, Kontula KK and Hiltunen TP: 
Effect of hydrochlorothiazide on serum uric acid concentration: A genome-
wide association study. Pharmacogenomics 19: 517–527, 2018. DOI: 
10.2217/pgs-2017-0184. 

447 Chong DJ, Suchowersky O, Szumlanski C, Weinshilboum RM, Brant R and 
Campbell NR: The relationship between COMT genotype and the clinical 
effectiveness of tolcapone, a COMT inhibitor, in patients with Parkinson’s 
disease. Clin Neuropharmacol 23: 143–148, 2000. 

448 Nieminen T, Uusitalo H, Maenpaa J, Turjanmaa V, Rane A, Lundgren S, 
Ropo A, Rontu R, Lehtimaki T and Kahonen M: Polymorphisms of genes 
CYP2D6, ADRB1 and GNAS1 in pharmacokinetics and systemic effects of 
ophthalmic timolol. A pilot study. Eur J Clin Pharmacol 61: 811–819, 2005. 
DOI: http://dx.doi.org/10.1007/s00228-005-0052-4. 

449 Pomara N, Willoughby L, Wesnes K, Greenblait DJ, Sidtis JJ, Greenblatt 
DJ and Sidtis JJ: Apolipoprotein E epsilon4 allele and lorazepam effects on 
memory in high-functioning older adults. Arch Gen Psychiatry 62: 209–216, 
2005. DOI: 10.1001/archpsyc.62.2.209. 

450 Gogas H, Dafni U and Kirkwood JM: Evaluation of six CTLA-4 
polymorphisms in high-risk melanoma patients receiving adjuvant 
interferon therapy in the He13A/98 multicenter trial. J Transl Med 8: 108, 
2010. DOI: https://dx.doi.org/10.1186/1479-5876-8-108. 

451 von Ahsen N, Armstrong VW, Behrens C, von Tirpitz C, Stallmach A, 
Herfarth H, Stein J, Bias P, Adler G, Shipkova M, Oellerich M, Kruis W, 
Reinshagen M and Schutz E: Association of inosine triphosphatase 94C>A 
and thiopurine S-methyltransferase deficiency with adverse events and 
study drop-outs under azathioprine therapy in a prospective Crohn disease 
study. Clin Chem 51: 2282–2288, 2005. 

452 Fangbin Z, Xiang G, Minhu C, Liang D, Feng X, Min H and Pinjin H: Should 
thiopurine methyltransferase genotypes and phenotypes be measured 
before thiopurine therapy in patients with inflammatory bowel disease? 
Ther Drug Monit 34: 695–701, 2012. PMID: 23149442. DOI: 
10.1097/FTD.0b013e3182731925. 

453 Campos-Salazar AB, Genvigir FDV, Felipe CR, Tedesco-Silva H, Medina-
Pestana J, Monteiro GV, Basso R de G, Cerda A, Hirata MH and Hirata 
RDC: Polymorphisms in mTOR and Calcineurin Signaling Pathways Are 
Associated With Long-Term Clinical Outcomes in Kidney Transplant 
Recipients. Front Pharmacol 9: 1296, 2018. DOI: 
10.3389/fphar.2018.01296. 

454 Thervet E, Loriot MA and Legendre C: Optimization of Initial Tacrolimus 
Dose Using Pharmacogenetic Testing. Clin Pharmacol Ther 87: 721–726, 
2010. DOI: 10.1038/clpt.2010.17. 

455 Woillard J-B, Kamar N, Rousseau A, Rostaing L, Marquet P and Picard N: 



256 
 

Association of sirolimus adverse effects with m-TOR, p70S6K or Raptor 
polymorphisms in kidney transplant recipients. Pharmacogenet Genomics 
22: 725–732, 2012. DOI: 
https://dx.doi.org/10.1097/FPC.0b013e328357359d. 

456 van Agteren M, Armstrong VW and van Gelder T: AcylMPAG plasma 
concentrations and mycophenolic acid-related side effects in patients 
undergoing renal transplantation are not related to the UGT2B7-840G>A 
gene polymorphism. Ther Drug Monit 30: 439–444, 2008. DOI: 
https://dx.doi.org/10.1097/FTD.0b013e318180c709. 

457 Culverhouse RC, Chen L-S, Saccone NL, Ma Y, Piper ME, Baker TB and 
Bierut LJ: Variants in the CHRNA5-CHRNA3-CHRNB4 region of 
chromosome 15 predict gastrointestinal adverse events in the TTURC 
smoking cessation trial. Nicotine Tob Res, 2019. DOI: 
https://dx.doi.org/10.1093/ntr/ntz044. 

458 Ramos RB, Casanova GK and Spritzer PM: Fat mass and obesity-
associated gene polymorphisms do not affect metabolic response to 
hormone therapy in healthy postmenopausal women. Eur J Obstet Gynecol 
Reprod Biol 165: 302–306, 2012. DOI: 
https://dx.doi.org/10.1016/j.ejogrb.2012.07.024. 

459 Bray PF, Howard TD, Vittinghoff E, Sane DC and Herrington DM: Effect of 
genetic variations in platelet glycoproteins Ibalpha and VI on the risk for 
coronary heart disease events in postmenopausal women taking hormone 
therapy. Blood 109: 1862–1869, 2007. DOI: 
http://dx.doi.org/10.1182/blood-2006-03-013151. 

460 Lima JJ, Lang JE, Mougey EB, Blake KB, Gong Y, Holbrook JT, Wise RA 
and Teague WG: Association of CYP2C19 polymorphisms and 
lansoprazole-associated respiratory adverse effects in children. J Pediatr 
163: 686–691, 2013. DOI: http://dx.doi.org/10.1016/j.jpeds.2013.03.017. 

461 Siddiqui KM, Maroteau C, Veluchamy A, Tornio A, Tavendale R, Carr F, 
Abelega NU, Carr D, Bloch K, Hallberg P and Al. E: A common missense 
variant of LILRB5 is associated with statin intolerance and myalgia. Eur 
Heart J 38: 3569–3575, 2017. DOI: 10.1093/eurheartj/ehx467. 

462 Mangravite LM, Engelhardt BE and Krauss RM: A statin-dependent QTL 
for GATM expression is associated with statin-induced myopathy. Nature 
502: 377–380, 2013. DOI: http://dx.doi.org/10.1038/nature12508. 

463 Carr DF, Francis B, Jorgensen AL, Zhang E, Chinoy H, Heckbert SR, Bis 
JC, Brody JA, Floyd JS, Psaty BM, Molokhia M, Lapeyre-Mestre M, Conforti 
A, Alfirevic A, van Staa T and Pirmohamed M: Genomewide Association 
Study of Statin-Induced Myopathy in Patients Recruited Using the UK 
Clinical Practice Research Datalink. Clin Pharmacol Ther 106: 1353–1361, 
2019. DOI: https://dx.doi.org/10.1002/cpt.1557. 

464 Jiang J, Tang Q, Feng J, Dai R, Wang Y, Yang Y, Tang X, Deng C, Zeng 
H, Zhao Y and Zhang F: Association between SLCO1B1 −521T>C and 
−388A>G polymorphisms and risk of statin-induced adverse drug 
reactions: A meta-analysis. Springerplus 5: 1–16, 2016. DOI: 
10.1186/s40064-016-2912-z. 



257 
 

465 Lee YS and Chun P: Effect of SLCO1B1 T521C on Statin-induced 
Myotoxicity: A Systematic Review and Meta-analysis. Korean J Clin Pharm 
28: 320–330, 2018. 

466 Hou Q, Li S, Li L, Li Y, Sun X and Tian H: Association between SLCO1B1 
gene T521C polymorphism and statin-related myopathy risk: A meta-
analysis of case-control studies. Med (United States) 94, 2015. PMID: 
26376374. DOI: 10.1097/MD.0000000000001268. 

467 Xiang Q, Chen S qing, Ma L yue, Hu K, Zhang Z, Mu G yan, Xie Q fen, 
Zhang X dan and Cui Y min: Association between SLCO1B1 T521C 
polymorphism and risk of statin-induced myopathy: a meta-analysis. 
Pharmacogenomics J 18: 721–729, 2018. DOI: 10.1038/s41397-018-
0054-0. 

468 Carr DF, O’Meara H, Jorgensen AL, Campbell J, Hobbs M, McCann G, Van 
Staa T and Pirmohamed M: SLCO1B1 genetic variant associated with 
statin-induced myopathy: A proof-of-concept study using the clinical 
practice research datalink. Clin Pharmacol Ther 94: 695–701, 2013. DOI: 
10.1038/clpt.2013.161. 

469 Su J, Xu H, Yang J, Yu Q, Yang S, Zhang J, Yao Q, Zhu Y, Luo Y, Ji L, 
Zheng Y and Yu J: ABCB1 C3435T polymorphism and the lipid-lowering 
response in hypercholesterolemic patients on statins: A meta-analysis. 
Lipids Health Dis 14: 1–10, 2015. DOI: 10.1186/s12944-015-0114-2. 

470 Singh M, Shah T, Adigopula S, Molnar J, Ahmed A, Khosla S and Arora R: 
CYP2C19*2/ABCB1-C3435T polymorphism and risk of cardiovascular 
events in coronary artery disease patients on clopidogrel: is clinical testing 
helpful?. Indian Heart J 64: 341–352, 2012. DOI: 
https://dx.doi.org/10.1016/j.ihj.2012.06.003. 

471 Luo M, Li J, Xu X, Sun X and Sheng W: ABCB1 C3435T polymorphism and 
risk of adverse clinical events in clopidogrel treated patients: a meta-
analysis. Thromb Res 129: 754–759, 2012. DOI: 
https://dx.doi.org/10.1016/j.thromres.2011.12.003. 

472 Niu X, Mao L, Huang Y, Baral S, Li J-Y, Gao Y, Xia Y-P, He Q-W, Wang 
M-D, Li M, Zou L, Miao X-P and Hu B: CYP2C19 polymorphism and clinical 
outcomes among patients of different races treated with clopidogrel: A 
systematic review and meta-analysis. J Huazhong Univ Sci Technolog Med 
Sci 35: 147–156, 2015. DOI: https://dx.doi.org/10.1007/s11596-015-1404-
7. 

473 Zhao K, Yang M, Lu Y, Sun S, Li W, Li X and Zhao Z: P2Y12 
Polymorphisms and the Risk of Adverse Clinical Events in Patients Treated 
with Clopidogrel: A Meta-Analysis. Drug Res (Stuttg) 69: 23–31, 2019. DOI: 
https://dx.doi.org/10.1055/a-0622-8110. 

474 Li Y, Tang H-L, Hu Y-F and Xie H-G: The gain-of-function variant allele 
CYP2C19*17: a double-edged sword between thrombosis and bleeding in 
clopidogrel-treated patients. J Thromb Haemost 10: 199–206, 2012. DOI: 
https://dx.doi.org/10.1111/j.1538-7836.2011.04570.x. 

475 Wang Y-Q, Wang C-H and Zhang J-H: Association between CYP3A5 
polymorphisms and the risk of adverse events in patients undergoing 



258 
 

clopidogrel therapy: Meta-analysis. Thromb Res 147: 1–6, 2016. DOI: 
https://dx.doi.org/10.1016/j.thromres.2016.09.016. 

476 Li J-L, Fu Y, Qin S-B, Liang G-K, Liu J, Nie X-Y, Chen J, Shi L-W, Shao H 
and Lu Y: Association between P2RY12 gene polymorphisms and adverse 
clinical events in coronary artery disease patients treated with clopidogrel: 
A systematic review and meta-analysis. Gene 657: 69–80, 2018. DOI: 
http://dx.doi.org/10.1016/j.gene.2018.03.007. 

477 Zhai Y, He H, Ma X, Xie J, Meng T, Dong Y and Lu J: Meta-analysis of 
effects of ABCB1 polymorphisms on clopidogrel response among patients 
with coronary artery disease. Eur J Clin Pharmacol 73: 843–854, 2017. 
DOI: 10.1007/s00228-017-2235-1. 

478 Su J, Xu J, Li X, Zhang H, Hu J, Fang R and Chen X: ABCB1 C3435T 
Polymorphism and Response to Clopidogrel Treatment in Coronary Artery 
Disease (CAD) Patients: A Meta-Analysis. PLoS One 7: e46366, 2012. 
DOI: 10.1371/journal.pone.0046366. 

479 Liu YP, Hao PP, Zhang MX, Zhang C, Gao F, Zhang Y and Chen YG: 
Association of genetic variants in CYP2C19 and adverse clinical outcomes 
after treatment with clopidogrel: An updated meta-analysis. Thromb Res 
128: 593–594, 2011. DOI: 10.1016/j.thromres.2011.07.003. 

480 Xi Z, Fang F, Wang J, AlHelal J, Zhou Y and Liu W: CYP2C19 genotype 
and adverse cardiovascular outcomes after stent implantation in 
clopidogrel-treated Asian populations: A systematic review and meta-
analysis. Platelets 30: 229–240, 2019. DOI: 
http://dx.doi.org/10.1080/09537104.2017.1413178. 

481 Sorich MJ, Rowland A, McKinnon RA and Wiese MD: CYP2C19 genotype 
has a greater effect on adverse cardiovascular outcomes following 
percutaneous coronary intervention and in Asian populations treated with 
clopidogrel: A meta-analysis. Circ Cardiovasc Genet 7: 895–902, 2014. 
PMID: 25258374. DOI: 10.1161/CIRCGENETICS.114.000669. 

482 Holmes M V., Perel P, Shah T, Hingorani AD and Casas JP: CYP2C19 
genotype, clopidogrel metabolism, platelet function, and cardiovascular 
events: A systematic review and meta-analysis. JAMA - J Am Med Assoc 
306: 2704–2714, 2011. PMID: 22203539. DOI: 10.1001/jama.2011.1880. 

483 Mao L, Jian C, Changzhi L, Dan H, Suihua H, Wenyi T and Wei W: 
Cytochrome CYP2C19 polymorphism and risk of adverse clinical events in 
clopidogrel-treated patients: a meta-analysis based on 23,035 subjects. 
Arch Cardiovasc Dis 106: 517–527, 2013. PMID: 24080325. DOI: 
https://dx.doi.org/10.1016/j.acvd.2013.06.055. 

484 Huang B, Cui DJ, Ren Y, Han B, Yang DP and Zhao X: Effect of cytochrome 
P450 2C19*17 allelic variant on cardiovascular and cerebrovascular 
outcomes in clopidogrel-treated patients: A systematic review and meta-
analysis. J Res Med Sci 22, 2017. DOI: 10.4103/jrms.JRMS_590_16. 

485 Pan Y, Chen W, Xu Y, Yi X, Han Y, Yang Q, Li X, Huang L, Johnston SC, 
Zhao X, Liu L, Zhang Q, Wang G, Wang Y and Yilong Y: Genetic 
Polymorphisms and Clopidogrel Efficacy for Acute Ischemic Stroke or 
Transient Ischemic Attack A Systematic Review and Meta-Analysis. 



259 
 

Circulation 135: 21–33, 2017. PMID: 27806998. DOI: 
10.1161/CIRCULATIONAHA.116.024913. 

486 Zabalza M, Subirana I, Sala J, Lluis-Ganella C, Lucas G, Tomás M, Masiá 
R, Marrugat J, Brugada R and Elosua R: Meta-analyses of the association 
between cytochrome CYP2C19 loss- and gain-of-function polymorphisms 
and cardiovascular outcomes in patients with coronary artery disease 
treated with clopidogrel. Heart 98: 100–108, 2012. DOI: 
10.1136/hrt.2011.227652. 

487 Jang JS, Cho KI, Jin HY, Seo JS, Yang TH, Kim DK, Kim DS, Seol SH, Kim 
D Il, Kim BH, Park YH, Je HG, Jeong YH and Lee SW: Meta-analysis of 
cytochrome P450 2C19 polymorphism and risk of adverse clinical 
outcomes among coronary artery disease patients of different ethnic 
groups treated with clopidogrel. Am J Cardiol 110: 502–508, 2012. DOI: 
10.1016/j.amjcard.2012.04.020. 

488 Kessler T, Wolf B and Schunkert H: Association of the coronary artery 
disease risk gene GUCY1A3 with ischaemic events after coronary 
intervention. Cardiovasc Res 115: 1512–1518, 2019. DOI: 
http://dx.doi.org/10.1093/cvr/cvz015. 

489 Pan Y, Li S, Xie X and Li M: Association between thromboxane A2 receptor 
polymorphisms and asthma risk: A meta-analysis. J Asthma 53: 576–582, 
2016. DOI: http://dx.doi.org/10.3109/02770903.2015.1126849. 

490 Zhang Y, Huang H, Huang J, Xiang Z, Yang M, Tian C and Fan H: The -
444A/C polymorphism in the LTC4S gene and the risk of asthma: a meta-
analysis. Arch Med Res 43: 444–450, 2012. DOI: 
https://dx.doi.org/10.1016/j.arcmed.2012.08.003. 

491 Sanderson S, Emery J and Higgins J: CYP2C9 gene variants, drug dose, 
and bleeding risk in warfarin-treated patients: A HuGEnetTM systematic 
review and meta-analysis. Genet Med 7: 97–104, 2005. PMID: 15714076. 
DOI: 10.1097/01.GIM.0000153664.65759.CF. 

492 Jorgensen AL, FitzGerald RJ, Oyee J, Pirmohamed M and Williamson PR: 
Influence of CYP2C9 and VKORC1 on Patient Response to Warfarin: A 
Systematic Review and Meta-Analysis. PLoS One 7, 2012. DOI: 
10.1371/journal.pone.0044064. 

493 Yang J, Chen Y, Li X, Wei X, Chen X, Zhang L, Zhang Y, Xu Q, Wang H, 
Li Y, Lu C, Chen W, Zeng C and Yin T: Influence of CYP2C9 and VKORC1 
genotypes on the risk of hemorrhagic complications in warfarin-treated 
patients: A systematic review and meta-analysis. Int J Cardiol 168: 4234–
4243, 2013. DOI: 10.1016/j.ijcard.2013.07.151. 

494 Macías Y, Gómez Tabales J, García-Martín E and Agúndez JAG: An 
update on the pharmacogenomics of NSAID metabolism and the risk of 
gastrointestinal bleeding. Expert Opin Drug Metab Toxicol 16: 319–332, 
2020. DOI: http://dx.doi.org/10.1080/17425255.2020.1744563. 

495 Agúndez JA, García-Martín E and Martínez C: Genetically based 
impairment in CYP2C8- and CYP2C9-dependent NSAID metabolism as a 
risk factor for gastrointestinal bleeding: Is a combination of 
pharmacogenomics and metabolomics required to improve personalized 



260 
 

medicine? Expert Opin Drug Metab Toxicol 5: 607–620, 2009. DOI: 
10.1517/17425250902970998. 

496 Ren Z-Y, Xu X-Q, Bao Y-P and Lu L: The impact of genetic variation on 
sensitivity to opioid analgesics in patients with postoperative pain: A 
systematic review and meta-analysis. Pain Physician 18: 131–152, 2015. 
PMID: 25794200. 

497 Walter C and Lötsch J: Meta-analysis of the relevance of the OPRM1 
118A>G genetic variant for pain treatment. Pain 146: 270–275, 2009. DOI: 
10.1016/j.pain.2009.07.013. 

498 Zhang X, Liang Y, Zhang N, Yan Y, Liu S, Fengxi H, Zhao D and Chu H: 
The Relevance of the OPRM1 118A>G Genetic Variant for Opioid 
Requirement in Pain Treatment: A Meta-Analysis. Pain Physician 22: 331–
340, 2019. 

499 Zhang M, Wu S-Q and He J-Q: Are genetic variations in glutathione S-
transferases involved in anti-tuberculosis drug-induced liver injury? A meta-
analysis. J Clin Pharm Ther 44: 844–857, 2019. DOI: 
https://dx.doi.org/10.1111/jcpt.13006. 

500 Deng R, Yang T, Wang Y and Tang N: CYP2E1 RsaI/PstI polymorphism 
and risk of anti-tuberculosis drug-induced liver injury: a meta-analysis. Int 
J Tuberc Lung Dis 16: 1574–1581, 2012. DOI: 
https://dx.doi.org/10.5588/ijtld.12.0304. 

501 Richardson M, Kirkham J, Dwan K, Sloan DJ, Davies G and Jorgensen AL: 
CYP genetic variants and toxicity related to anti-tubercular agents: A 
systematic review and meta-analysis. Syst Rev 7: 293–305, 2018. DOI: 
10.1186/s13643-018-0861-z. 

502 Yang S, Hwang SJ, Park JY, Chung EK and Lee JI: Association of genetic 
polymorphisms of CYP2E1, NAT2, GST and SLCO1B1 with the risk of anti-
tuberculosis drug-induced liver injury: A systematic review and meta-
analysis. BMJ Open 9: e027940, 2019. DOI: 
http://dx.doi.org/10.1136/bmjopen-2018-027940. 

503 Li C, Long J, Hu X and Zhou Y: GSTM1 and GSTT1 genetic polymorphisms 
and risk of anti-tuberculosis drug-induced hepatotoxicity: An updated meta-
analysis. Eur J Clin Microbiol Infect Dis 32: 859–868, 2013. DOI: 
10.1007/s10096-013-1831-y. 

504 Huang T, Liu C-L, Li L-L, Cai M-H, Chen W-Z, Xu Y-F, O’Reilly PF, Cai L 
and He L: A new method for identifying causal genes of schizophrenia and 
anti-tuberculosis drug-induced hepatotoxicity. Sci Rep 6: 32571, 2016. 
DOI: http://dx.doi.org/10.1038/srep32571. 

505 Tang N, Deng R, Wang Y, Lin M, Li H, Qiu Y, Hong M and Zhou G: GSTM1 
and GSTT1 null polymorphisms and susceptibility to anti-tuberculosis drug-
induced liver injury: A meta-analysis. Int J Tuberc Lung Dis 17, 2013. PMID: 
23232001. DOI: http://dx.doi.org/10.5588/ijtld.12.0447. 

506 Sheng YJ, Wu G, He HY, Chen W, Zou YS, Li Q, Zhong L, Huang YM and 
Deng CL: The association between CYP2E1 polymorphisms and 
hepatotoxicity due to anti-tuberculosis drugs: A meta-analysis. Infect Genet 
Evol 24: 34–40, 2014. DOI: 10.1016/j.meegid.2014.01.034. 



261 
 

507 Cai L, Cai M-H, Wang M-Y, Xu Y-F, Chen W-Z, Qin S-Y, Wan C-L and He 
L: Meta-analysis-based preliminary exploration of the connection between 
ATDILI and schizophrenia by GSTM1/T1 gene polymorphisms. PLoS One 
10: e0128643, 2015. DOI: http://dx.doi.org/10.1371/journal.pone.0128643. 

508 Wang FJ, Wang Y, Niu T, Lu WX, Sandford AJ and He JQ: Update meta-
analysis of the CYP2E1 RsaI/PstI and DraI polymorphisms and risk of 
antituberculosis drug-induced hepatotoxicity: Evidence from 26 studies. J 
Clin Pharm Ther 41: 334–340, 2016. DOI: 10.1111/jcpt.12388. 

509 Suvichapanich S, Fukunaga K, Zahroh H, Mushiroda T, Mahasirimongkol 
S, Toyo-Oka L, Chaikledkaew U, Jittikoon J, Yuliwulandari R, Yanai H, 
Wattanapokayakit S and Tokunaga K: NAT2 ultra-slow acetylator and risk 
of anti-tuberculosis drug-induced liver injury: A genotype-based meta-
analysis. Pharmacogenet Genomics 28: 167–176, 2018. DOI: 
http://dx.doi.org/10.1097/FPC.0000000000000339. 

510 Richardson M, Kirkham J, Dwan K, Sloan DJ, Davies G and Jorgensen AL: 
NAT2 variants and toxicity related to anti-tuberculosis agents: A systematic 
review and meta-analysis. Int J Tuberc Lung Dis 23: 293–305, 2019. DOI: 
10.5588/ijtld.18.0324. 

511 Wang PY, Xie SY, Hao Q, Zhang C and Jiang BF: NAT2 polymorphisms 
and susceptibility to anti-tuberculosis drug-induced liver injury: A meta-
analysis. Int J Tuberc Lung Dis 16: 589–595, 2012. DOI: 
10.5588/ijtld.11.0377. 

512 Zhang M, Wang S, Wilffert B, Tong R, van Soolingen D, van den Hof S and 
Alffenaar J-W: The association between the NAT2 genetic polymorphisms 
and risk of DILI during anti-TB treatment: a systematic review and meta-
analysis. Br J Clin Pharmacol 84: 2747–2760, 2018. DOI: 
http://dx.doi.org/10.1111/bcp.13722. 

513 Shi J, Xie M, Wang J, Xu Y and Liu X: Susceptibility of N-acetyltransferase 
2 slow acetylators to antituberculosis drug-induced liver injury: A meta-
analysis. Pharmacogenomics 16: 2083–2097, 2015. PMID: 26616266. 
DOI: 10.2217/pgs.15.144. 

514 Du H, Chen X, Fang Y, Yan O, Xu H, Li L, Li W and Huang W: Slow N-
acetyltransferase 2 genotype contributes to anti-tuberculosis drug-induced 
hepatotoxicity: A meta-analysis. Mol Biol Rep 40: 3591–3596, 2013. DOI: 
10.1007/s11033-012-2433-y. 

515 Cai Y, Yi JY, Zhou CH and Shen XZ: Pharmacogenetic Study of Drug-
Metabolising Enzyme Polymorphisms on the Risk of Anti-Tuberculosis 
Drug-Induced Liver Injury: A Meta-Analysis. PLoS One 7: 1–8, 2012. PMID: 
23082213. DOI: 10.1371/journal.pone.0047769. 

516 Sun F, Chen Y, Xiang Y and Zhan S: Drug-metabolising enzyme 
polymorphisms and predisposition to anti-tuberculosis drug-induced liver 
injury: a meta-analysis [Review article]. Int J Tuberc Lung Dis 12: 994–
1002, 2008. PMID: 18713495. 

517 Tangamornsuksan W and Lohitnavy M: Association between HLA-B*1301 
and dapsone-induced cutaneous adverse drug reactions a systematic 
review and meta-analysis. JAMA Dermatology 154: 441–446, 2018. DOI: 



262 
 

http://dx.doi.org/10.1001/jamadermatol.2017.6484. 

518 Khan S, Mandal RK, Elasbali AM, Dar SA, Jawed A, Wahid M, Mahto H, 
Lohani M, Mishra BN, Akhter N, Rabaan AA and Haque S: 
Pharmacogenetic association between NAT2 gene polymorphisms and 
isoniazid induced hepatotoxicity: trial sequence meta-analysis as evidence. 
Biosci Rep 39: BSR20180845, 2019. DOI: 
https://dx.doi.org/10.1042/BSR20180845. 

519 Booth RA, Ansari MT, Tricco AC, Loit E, Weeks L, Doucette S, Skidmore 
B, Hoch JS, Tsouros S, Sears M, Sy R, Karsh J, Mani S, Galipeau J, 
Yurkiewich A, Daniel R, Tsertsvadze A and Yazdi F: Assessment of 
thiopurine methyltransferase activity in patients prescribed azathioprine or 
other thiopurine-based drugs. Evid Rep Technol Assess (Full Rep): 1–282, 
2010. 

520 Wang R, Liu B, Li J, Xu J, Wang X, Zhao Z and Zhao L: Association 
between the c.415c > t, c.52g > a, and 36_37insggagtc polymorphisms of 
nudt 15 and thiopurine-induced leukopenia, thiopurine intolerance, and 
severe hair loss: An updated meta-analysis. Drug Des Devel Ther 13: 
2729–2744, 2019. DOI: http://dx.doi.org/10.2147/DDDT.S210512. 

521 Yin D, Xia X, Zhang J, Zhang S, Liao F, Zhang G, Zhang Y, Hou Q, Yang 
X, Wang H, Ma Z, Wang H, Zhu Y, Zhang W, Wang Y, Liu B, Wang L, Xu 
H and Shu Y: Impact of NUDT15 polymorphisms on thiopurines-induced 
myelotoxicity and thiopurines tolerance dose. Oncotarget 8: 13575–13585, 
2017. DOI: http://dx.doi.org/10.18632/oncotarget.14594. 

522 van Gennep S, Konté K, Meijer B, Heymans MW, D’Haens GR, Löwenberg 
M and de Boer NKH: Systematic review with meta-analysis: risk factors for 
thiopurine-induced leukopenia in IBD. Aliment Pharmacol Ther 50: 484–
506, 2019. DOI: http://dx.doi.org/10.1111/apt.15403. 

523 Liu Y-P, Xu H-Q, Li M, Yang X, Yu S, Fu W-L and Huang Q: Association 
between thiopurine smethyltransferase polymorphisms and azathioprine-
induced adverse drug reactions in patients with autoimmune diseases: A 
meta-analysis. PLoS One 10: 1–14, 2015. DOI: 
10.1371/journal.pone.0144234. 

524 VAN DIEREN JM, HANSEN BE, Kuipers EJ, Nieuwenhuis EESS and Van 
Der Woude CJ: Meta-analysis: Inosine triphosphate pyrophosphatase 
polymorphisms and thiopurine toxicity in the treatment of inflammatory 
bowel disease. Aliment Pharmacol Ther 26: 643–652, 2007. DOI: 
10.1111/j.1365-2036.2007.03412.x. 

525 Booth RA, Ansari MT, Loit E, Tricco AC, Weeks L, Doucette S, Skidmore 
B, Sears M, Sy R and Karsh J: Assessment of thiopurine S-
methyltransferase activity in patients prescribed thiopurines: A systematic 
review. Ann Intern Med 154: 814–824, 2011. DOI: 10.7326/0003-4819-
154-12-201106210-00009. 

526 Dong XW, Zheng Q, Zhu MM, Tong JL and Ran ZH: Thiopurine s-
methyltransferase polymorphisms and thiopurine toxicity in treatment of 
inflammatory bowel disease. World J Gastroenterol 16: 3187–3195, 2010. 
PMID: 20593505. DOI: 10.3748/wjg.v16.i25.3187. 



263 
 

527 Liu Y-P, Wu H-Y and Fu W-L: Association between thiopurine 
smethyltransferase polymorphisms and thiopurine-induced adverse drug 
reactions in patients with inflammatory bowel disease: A meta-analysis. 
PLoS One 10: 1–12, 2015. DOI: 10.1371/journal.pone.0121745. 

528 Lee YH and Bae S-C: Association of the ATIC 347 C/G polymorphism with 
responsiveness to and toxicity of methotrexate in rheumatoid arthritis: a 
meta-analysis. Rheumatol Int 36: 1591–1599, 2016. 

529 Zhao M, Liang L, Ji L, Chen D, Zhang Y, Zhu Y and Ongaro A: MTHFR 
gene polymorphisms and methotrexate toxicity in adult patients with 
hematological malignancies: a meta-analysis. Pharmacogenomics 17: 
1005–1017, 2016. DOI: https://dx.doi.org/10.2217/pgs-2016-0004. 

530 Chen Y, Zou K, Sun J, Yang Y and Liu G: Associations between gene 
polymorphisms and treatment outcomes of methotrexate in patients with 
juvenile idiopathic arthritis. Pharmacogenomics 19: 529–538, 2018. DOI: 
https://dx.doi.org/10.2217/pgs-2017-0208. 

531 He H-R, Liu P, He G-H, Dong W-H, Wang M-Y, Dong Y-L and Lu J: 
Association between reduced folate carrier G80A polymorphism and 
methotrexate toxicity in childhood acute lymphoblastic leukemia: a meta-
analysis. Leuk Lymphoma 55: 2793–2800, 2014. DOI: 
https://dx.doi.org/10.3109/10428194.2014.898761. 

532 Oosterom N, Berrevoets M, den Hoed MAH, Zolk O, Hoerning S, Pluijm 
SMF, Pieters R, de Jonge R, Tissing WJE, van den Heuvel-Eibrink MM and 
Heil SG: The role of genetic polymorphisms in the thymidylate synthase 
(TYMS) gene in methotrexate-induced oral mucositis in children with acute 
lymphoblastic leukemia. Pharmacogenet Genomics 28: 223–229, 2018. 
DOI: https://dx.doi.org/10.1097/FPC.0000000000000352. 

533 Bae S-C and Lee YH: TYMS polymorphisms and responsiveness to or 
toxicity of methotrexate in rheumatoid arthritis. TYMS-Polymorphismen und 
Empfindlichkeit gegenuber oder Toxizitat von Methotrexat bei 
rheumatoider Arthritis 77: 824–832, 2018. DOI: 
https://dx.doi.org/10.1007/s00393-018-0419-4. 

534 Chen Y, Zou K, Sun J, Yang Y and Liu G: Are gene polymorphisms related 
to treatment outcomes of methotrexate in patients with rheumatoid 
arthritis? A systematic review and meta-analysis. Pharmacogenomics 18: 
175–195, 2017. DOI: 10.2217/pgs-2016-0158. 

535 Qiu Q, Huang J, Lin Y, Shu X, Fan H, Tu Z, Zhou Y and Xiao C: 
Polymorphisms and pharmacogenomics for the toxicity of methotrexate 
monotherapy in patients with rheumatoid arthritis. Med (United States) 96, 
2017. PMID: 28296761. DOI: 10.1097/MD.0000000000006337. 

536 Lopez-Lopez E, Martin-Guerrero I, Ballesteros J and Garcia-Orad A: A 
systematic review and meta-analysis of MTHFR polymorphisms in 
methotrexate toxicity prediction in pediatric acute lymphoblastic leukemia. 
Pharmacogenomics J 13: 498–506, 2013. DOI: 10.1038/tpj.2012.44. 

537 Huang J, Fan H and Xiao C: Are gene polymorphisms related to adverse 
events of methotrexate in patients with rheumatoid arthritis? A 
retrospective cohort study based on an updated meta-analysis. Ther Adv 



264 
 

Chronic Dis 11: 204062232091602, 2020. DOI: 
10.1177/2040622320916026. 

538 Shao W, Yuan Y and Li Y: Association between MTHFR C677T 
Polymorphism and Methotrexate Treatment Outcome in Rheumatoid 
Arthritis Patients: A Systematic Review and Meta-Analysis. Genet Test Mol 
Biomarkers 21: 275–285, 2017. DOI: 
http://dx.doi.org/10.1089/gtmb.2016.0326. 

539 Song GG, Bae SC and Lee YH: Association of the MTHFR C677T and 
A1298C polymorphisms with methotrexate toxicity in rheumatoid arthritis: 
A meta-analysis. Clin Rheumatol 33: 1715–1724, 2014. PMID: 24794492. 
DOI: 10.1007/s10067-014-2645-8. 

540 Lee YH and Song GG: Associations between the C677T and A1298C 
polymorphisms of MTHFR and the efficacy and toxicity of methotrexate in 
rheumatoid arthritis: A meta-analysis. Clin Drug Investig 30: 101–108, 
2010. PMID: 20067328. DOI: 10.2165/11531070-000000000-00000. 

541 Zhu C, Liu YW, Wang SZ, Li XL, Nie XL, Yu XT, Zhao LB and Wang XL: 
Associations between the C677T and A1298C polymorphisms of MTHFR 
and the toxicity of methotrexate in childhood malignancies: A meta-
analysis. Pharmacogenomics J 18: 450–459, 2018. DOI: 
10.1038/tpj.2017.34. 

542 Yang L, Hu X and Xu L: Impact of methylenetetrahydrofolate reductase 
(MTHFR) polymorphisms on methotrexate-induced toxicities in acute 
lymphoblastic leukemia: A meta-analysis. Tumor Biol 33: 1445–1454, 
2012. DOI: 10.1007/s13277-012-0395-2. 

543 Fan H, Li Y, Zhang L and Li W: Lack of association between MTHFR 
A1298C polymorphism and outcome of methotrexate treatment in 
rheumatoid arthritis patients: evidence from a systematic review and meta-
analysis. Int J Rheum Dis 20: 526–540, 2017. DOI: 10.1111/1756-
185X.13100. 

544 Fisher MC and Cronstein BN: Metaanalysis of methylenetetrahydrofolate 
reductase (MTHFR) polymorphisms affecting methotrexate toxicity. J 
Rheumatol 36: 539–545, 2009. DOI: 10.3899/jrheum.080576. 

545 Spyridopoulou KP, Dimou NL, Hamodrakas SJ and Bagos PG: Methylene 
tetrahydrofolate reductase gene polymorphisms and their association with 
methotrexate toxicity: A meta-analysis. Pharmacogenet Genomics 22: 
117–133, 2012. PMID: 22143415. DOI: 10.1097/FPC.0b013e32834ded2a. 

546 Owen SA, Lunt M, Bowes J, Hider SL, Bruce IN, Thomson W and Barton 
A: MTHFR gene polymorphisms and outcome of methotrexate treatment in 
patients with rheumatoid arthritis: Analysis of key polymorphisms and 
meta-analysis of C677T and A1298C polymorphisms. Pharmacogenomics 
J 13: 137–147, 2013. DOI: 10.1038/tpj.2011.42. 

547 Yao P, He X, Zhang R, Tong R and Xiao H: The influence of MTHFR 
genetic polymorphisms on adverse reactions after methotrexate in patients 
with hematological malignancies: a meta-analysis. Hematology 24: 10–19, 
2019. DOI: 10.1080/10245332.2018.1500750. 

548 Hagleitner MM, Coenen MJH, Aplenc R, Patiño-Garcia A, Chiusolo P, 



265 
 

Gemmati D, De Mattei M, Ongaro A, Krajinovic M, Hoogerbrugge PM, 
Vermeulen SHHM and Te Loo DMWM: The role of the MTHFR 677C>T 
polymorphism in methotrexate-induced liver toxicity: A meta-analysis in 
patients with cancer. Pharmacogenomics J 14: 115–119, 2014. DOI: 
10.1038/tpj.2013.19. 

549 Kung TN, Dennis J, Ma Y, Xie G, Bykerk V, Pope J, Thorne C, Keystone 
E, Siminovitch KA and Gagnon F: RFC1 80G>A is a genetic determinant 
of methotrexate efficacy in rheumatoid arthritis: A human genome 
epidemiologic review and meta-analysis of observational studies. Arthritis 
Rheumatol 66: 1111–1120, 2014. DOI: 10.1002/art.38331. 

550 Li X, Hu M, Li W, Gu L, Chen M, Ding H, Vanarsa K and Du Y: The 
association between reduced folate carrier-1 gene 80G/A polymorphism 
and methotrexate efficacy or methotrexate related-toxicity in rheumatoid 
arthritis: A meta-analysis. Int Immunopharmacol 38: 8–15, 2016. PMID: 
27233001. DOI: 10.1016/j.intimp.2016.05.012. 

551 Lee YH, Bae SC and Song G: Association of the ABCB1 C3435T 
polymorphism with responsiveness to and toxicity of DMARDs in 
rheumatoid arthritis. Z Rheumatol 75: 707–715, 2016. DOI: 
10.1007/s00393-015-1618-x. 

552 Shi YW, Min FL and Liao WP: HLA-A*24:02 as a common risk factor for 
antiepileptic drug-induced cutaneous adverse reactions. Neurology 88: 
2183–2191, 2017. DOI: 
http://dx.doi.org/10.1212/WNL.0000000000004008. 

553 Cheung Y-K, Cheng S-H, Chan EJM, Lo S V, Ng MHL and Kwan P: HLA-
B alleles associated with severe cutaneous reactions to antiepileptic drugs 
in Han Chinese. Epilepsia 54: 1307–1314, 2013. DOI: 
https://dx.doi.org/10.1111/epi.12217. 

554 Min FL, Mao BJ and Shi YW: HLA-B*13:01 as a risk allele for antiepileptic 
drugs-induced cutaneous adverse reactions: Higher risk for cross-
reactivity? Front Neurol 10: 614, 2019. DOI: 
http://dx.doi.org/10.3389/fneur.2019.00614. 

555 Li X, Yu K, Mei S, Huo J, Wang J, Zhu Y and Zhao Z: HLA-B∗ 1502 
increases the risk of phenytoin or lamotrigine induced Stevens-Johnson 
syndrome/toxic epidermal necrolysis: Evidence from a meta-analysis of 
nine case-control studies. Drug Res (Stuttg) 65: 107–111, 2014. DOI: 
10.1055/s-0034-1375684. 

556 Wu X, Liu W and Zhou W: Association of CYP2C9*3 with phenytoin-
induced Stevens-Johnson syndrome and toxic epidermal necrolysis: A 
systematic review and meta-analysis. J Clin Pharm Ther 43: 408–413, 
2018. DOI: 10.1111/jcpt.12660. 

557 Chung W-H, Chang W-C and Hung S-I: Genetic variants associated with 
phenytoin-related severe cutaneous adverse reactions. JAMA 312: 525–
534, 2014. DOI: https://dx.doi.org/10.1001/jama.2014.7859. 

558 Su SC, Chen CB and Chung WH: HLA Alleles and CYP2C9*3 as Predictors 
of Phenytoin Hypersensitivity in East Asians. Clin Pharmacol Ther 105: 
476–485, 2019. DOI: http://dx.doi.org/10.1002/cpt.1190. 



266 
 

559 Chouchi M, Kaabachi W, Tizaoui K, Daghfous R, Aidli SE and Hila L: The 
HLA-B*15:02 polymorphism and Tegretol®-induced serious cutaneous 
reactions in epilepsy: An updated systematic review and meta-analysis. 
Rev Neurol (Paris) 174: 278–291, 2018. DOI: 
10.1016/j.neurol.2017.11.006. 

560 Wang Q, Sun S, Xie M, Zhao K, Li X and Zhao Z: Association between the 
HLA-B alleles and carbamazepine-induced SJS/TEN: A meta-analysis. 
Epilepsy Res 135: 19–28, 2017. DOI: 10.1016/j.eplepsyres.2017.05.015. 

561 Grover S and Kukreti R: HLA alleles and hypersensitivity to 
carbamazepine: an updated systematic review with meta-analysis. 
Pharmacogenet Genomics 24: 94–112, 2014. PMID: 24336023. DOI: 
10.1097/FPC.0000000000000021. 

562 Yip VL, Marson AG, Jorgensen AL, Pirmohamed M and Alfirevic A: HLA 
genotype and carbamazepine-induced cutaneous adverse drug reactions: 
A systematic review. Clin Pharmacol Ther 92: 757–765, 2012. DOI: 
10.1038/clpt.2012.189. 

563 Genin E, Chen DP, Hung SI, Sekula P, Schumacher M, Chang PY, Tsai 
SH, Wu TL, Bellón T, Tamouza R, Fortier C, Toubert A, Charron D, 
Hovnanian A, Wolkenstein P, Chung WH, Mockenhaupt M and Roujeau 
JC: HLA-A*31:01 and different types of carbamazepine-induced severe 
cutaneous adverse reactions: An international study and meta-analysis. 
Pharmacogenomics J 14: 281–288, 2014. PMID: 24322785. DOI: 
10.1038/tpj.2013.40. 

564 Khor AHP, Lim KS and Ng CC: HLA-B ∗15:02 association with 
carbamazepine-induced Stevens-Johnson syndrome and toxic epidermal 
necrolysis in an Indian population: A pooled-data analysis and meta-
analysis. Epilepsia 55: e120–e124, 2014. DOI: 10.1111/epi.12802. 

565 Tangamornsuksan W, Chaiyakunapruk N, Somkrua R, Lohitnavy M and 
Tassaneeyakul W: Relationship between the HLA-B*1502 allele and 
carbamazepine-induced Stevens-Johnson syndrome and toxic epidermal 
necrolysis: A systematic review and meta-analysis. JAMA Dermatology 
149: 1025–1032, 2013. DOI: 10.1001/jamadermatol.2013.4114. 

566 Nicoletti P, Barrett S and Pirmohamed M: Shared Genetic Risk Factors 
Across Carbamazepine-Induced Hypersensitivity Reactions. Clin 
Pharmacol Ther 106: 1028–1036, 2019. PMID: 31066027. DOI: 
10.1002/cpt.1493. 

567 Liu Y, Yu Y, Nie X, Zhao L and Wang X: Association between HLA-B∗15:02 
and oxcarbazepine-induced cutaneous adverse reaction: A meta-analysis. 
Pharmacogenomics 19: 547–552, 2018. PMID: 29629814. DOI: 
10.2217/pgs-2017-0189. 

568 Tangamornsuksan W, Scholfield CN and Lohitnavy M: Association 
between HLA genotypes and oxcarbazepine-induced cutaneous adverse 
drug reactions: A systematic review and meta- analysis. J Pharm Pharm 
Sci 21: 1–18, 2018. DOI: http://dx.doi.org/10.18433/J36S7D. 

569 Zeng T, Long YS and Shi YW: Association of HLA-B*1502 allele with 
lamotrigine-induced Stevens-Johnson syndrome and toxic epidermal 



267 
 

necrolysis in Han Chinese subjects: A meta-analysis. Int J Dermatol 54: 
488–493, 2015. DOI: 10.1111/ijd.12570. 

570 Deng Y, Li S, Zhang L, Jin H and Zou X: Association between HLA alleles 
and lamotrigine-induced cutaneous adverse drug reactions in Asian 
populations: A meta-analysis. Seizure 60: 163–171, 2018. DOI: 
10.1016/j.seizure.2018.06.024. 

571 Yu K-H, Yu C-Y and Fang Y-F: Diagnostic utility of HLA-B*5801 screening 
in severe allopurinol hypersensitivity syndrome: an updated systematic 
review and meta-analysis. Int J Rheum Dis 20: 1057–1071, 2017. DOI: 
https://dx.doi.org/10.1111/1756-185X.13143. 

572 Ng CY, Yeh YT, Wang CW, Hung SI, Yang CH, Chang YC, Chang WC, Lin 
YJ, Chang CJ, Su SC, Fan WL, Chen DY, Wu YJJ, Tian YC, Hui RCY and 
Chung WH: Impact of the HLA-B⋆58:01 Allele and Renal Impairment on 

Allopurinol-Induced Cutaneous Adverse Reactions. J Invest Dermatol 136: 
1373–1381, 2016. DOI: 10.1016/j.jid.2016.02.808. 

573 Li X, Zhao Z and Sun S Sen: Association of human leukocyte antigen 
variants and allopurinol-induced Stevens-Johnson syndrome and toxic 
epidermal necrolysis: A meta-Analysis. Am J Heal Pharm 74: e183–e192, 
2017. DOI: http://dx.doi.org/10.2146/ajhp160243. 

574 Wu R, Cheng YJ, Zhu LL, Yu L, Zhao XK, Jia M, Wen CH, Long XZ, Tang 
T, He AJ, Zeng YY, Ma ZF, Zheng Z, Ni MZ and Cai GJ: Impact of HLA-
B*58: 01 allele and allopurinol-induced cutaneous adverse drug reactions: 
Evidence from 21 pharmacogenetic studies. Oncotarget 7: 81870–81879, 
2016. PMID: 27835909. DOI: 10.18632/oncotarget.13250. 

575 Somkrua R, Eickman EE, Saokaew S, Lohitnavy M and Chaiyakunapruk 
N: Association of HLA-B*5801 allele and allopurinol-induced stevens 
johnson syndrome and toxic epidermal necrolysis: A systematic review and 
meta-analysis. BMC Med Genet 12: 118, 2011. PMID: 21906289. DOI: 
http://dx.doi.org/10.1186/1471-2350-12-118. 

576 Daray FM, Thommi SB and Ghaemi SN: The pharmacogenetics of 
antidepressant-induced mania: A systematic review and meta-analysis. 
Bipolar Disord 12: 702–706, 2010. DOI: 10.1111/j.1399-
5618.2010.00864.x. 

577 Frye MA, McElroy SL, Prieto ML, Harper KL, Walker DL, Kung S, Chauhan 
M, Crow S, Sutor B, Galardy CW, Veldic M, Palmer BA, Geske JR, Fuentes 
M, Cuellar-Barboza AB, Seymour LR, Mori N and Biernacka JM: Clinical 
risk factors and serotonin transporter gene variants associated with 
antidepressant-induced mania. J Clin Psychiatry 76: 174–180, 2015. DOI: 
10.4088/JCP.14m09127. 

578 Biernacka JM, McElroy SL, Crow S, Sharp A, Benitez J, Veldic M, Kung S, 
Cunningham JM, Post RM, Mrazek D and Frye MA: Pharmacogenomics of 
antidepressant induced mania: A review and meta-analysis of the serotonin 
transporter gene (5HTTLPR) association. J Affect Disord 136: e21–e29, 
2012. DOI: 10.1016/j.jad.2011.05.038. 

579 Kato M and Serretti A: Review and meta-analysis of antidepressant 
pharmacogenetic findings in major depressive disorder. Mol Psychiatry 15: 



268 
 

473–500, 2010. DOI: 10.1038/mp.2008.116. 

580 Fabbri C, Tansey KE and Lewis CM: Effect of cytochrome CYP2C19 
metabolizing activity on antidepressant response and side effects: Meta-
analysis of data from genome-wide association studies. Eur 
Neuropsychopharmacol 28: 945–954, 2018. DOI: 
10.1016/j.euroneuro.2018.05.009. 

581 Bakker PR, Van Harten PN and Van Os J: Antipsychotic-induced tardive 
dyskinesia and polymorphic variations in COMT, DRD2, CYP1A2 and 
MnSOD genes: A meta-analysis of pharmacogenetic interactions. Mol 
Psychiatry 13: 544–556, 2008. DOI: 10.1038/sj.mp.4002142. 

582 Bakker PR, van Harten PN and van Os J: Antipsychotic-induced tardive 
dyskinesia and the Ser9Gly polymorphism in the DRD3 gene: A meta 
analysis. Schizophr Res 83: 185–192, 2006. DOI: 
10.1016/j.schres.2006.01.010. 

583 Lerer B, Segman RH and Macciardi F: Pharmacogenetics of tardive 
dyskinesia: Combined analysis of 780 patients supports association with 
dopamine D3 receptor gene Ser9Gly polymorphism. 
Neuropsychopharmacology 27: 105–119, 2002. DOI: 10.1016/S0893-
133X(02)00293-2. 

584 Zhang J-PP, Lencz T and Correll CU: Pharmacogenetic Associations of 
Antipsychotic Drug-Related Weight Gain: A Systematic Review and Meta-
analysis. Schizophr Bull 42: 1418–1437, 2016. PMID: 27217270. DOI: 
10.1093/schbul/sbw058. 

585 Lv Z, Rong B, Tong X, Li X, Chen X, Wang X and Li Z: The association 
between COMT Val158Met gene polymorphism and antipsychotic-induced 
tardive dyskinesia risk. Int J Neurosci 126: 1044–1050, 2016. DOI: 
10.3109/00207454.2015.1089504. 

586 Calafato MS, Austin-Zimmerman I, Thygesen JH, Sairam M, Metastasio A, 
Marston L, Abad-Santos F, Bhat A, Harju-Seppänen J, Irizar H, Zartaloudi 
E and Bramon E: The effect of CYP2D6 variation on antipsychotic-induced 
hyperprolactinaemia: a systematic review and meta-analysis. 
Pharmacogenomics J: 1–9, 2020. DOI: http://dx.doi.org/10.1038/s41397-
019-0142-9. 

587 Fleeman N, Dundar Y, Dickson R, Jorgensen A, Pushpakom S, McLeod C, 
Pirmohamed M and Walley T: Cytochrome P450 testing for prescribing 
antipsychotics in adults with schizophrenia: Systematic review and meta-
analyses. Pharmacogenomics J 11: 1–14, 2011. DOI: 10.1038/tpj.2010.73. 

588 Patsopoulos NA, Ntzani EE, Zintzaras E and Ioannidis JPA: CYP2D6 
polymorphisms and the risk of tardive dyskinesia in schizophrenia: A meta-
analysis. Pharmacogenet Genomics 15: 151–158, 2005. DOI: 
10.1097/01213011-200503000-00003. 

589 Miura I, Zhang JP, Hagi K, Lencz T, Kane JM, Yabe H, Malhotra AK and 
Correll CU: Variants in the DRD2 locus and antipsychotic-related prolactin 
levels: A meta-analysis. Psychoneuroendocrinology 72: 1–10, 2016. DOI: 
10.1016/j.psyneuen.2016.06.002. 

590 Souza RP, De Luca V, Muscettola G, Rosa DVF, de Bartolomeis A, 



269 
 

Romano Silva M and Kennedy JL: Association of antipsychotic induced 
weight gain and body mass index with GNB3 gene: A meta-analysis. Prog 
Neuro-Psychopharmacology Biol Psychiatry 32: 1848–1853, 2008. DOI: 
10.1016/j.pnpbp.2008.08.014. 

591 Sicard MN, Zai CC, Tiwari AK, Souza RP, Meltzer HY, Lieberman JA, 
Kennedy JL and Müller DJ: Polymorphisms of the HTR2C gene and 
antipsychotic-induced weight gain: An update and meta-analysis. 
Pharmacogenomics 11: 1561–1571, 2010. DOI: 10.2217/pgs.10.123. 

592 De Luca V, Mueller DJ, de Bartolomeis A and Kennedy JL: Association of 
the HTR2C gene and antipsychotic induced weight gain: A meta-analysis. 
Int J Neuropsychopharmacol 10: 697–704, 2007. DOI: 
10.1017/S1461145707007547. 

593 Shen J, Ge W, Zhang J, Zhu HJ and Fang Y: Leptin -2548G/A gene 
polymorphism in association with antipsychotic-induced weight gain: A 
meta-analysis study. Psychiatr Danub 26: 145–151, 2014. 

594 Suetani RJ, Siskind D, Reichhold H and Kisely S: Genetic variants 
impacting metabolic outcomes among people on clozapine: a systematic 
review and meta-analysis. Psychopharmacology (Berl) 234: 2989–3008, 
2017. DOI: https://dx.doi.org/10.1007/s00213-017-4728-0. 

595 Ma X, Maimaitirexiati T, Zhang R, Gui X, Zhang W, Xu G and Hu G: HTR2C 
polymorphisms, olanzapine-induced weight gain and antipsychotic-
induced metabolic syndrome in schizophrenia patients: A meta-analysis. 
Int J Psychiatry Clin Pract 18: 229–242, 2014. DOI: 
10.3109/13651501.2014.957705. 

596 Li X, Yu C, Wang T, Chen K, Zhai S and Tang H: Effect of cytochrome 
P450 2C19 polymorphisms on the clinical outcomes of voriconazole: a 
systematic review and meta-analysis. Eur J Clin Pharmacol 72: 1185–
1193, 2016. DOI: 10.1007/s00228-016-2089-y. 

597 Hu K, Xiang Q, Wang Z, Mu G-Y, Zhang Z, Ma L-Y, Xie Q-F, Chen S-Q, 
Zhou S, Zhang X-D and Cui Y-M: Associations between human leukocyte 
antigen polymorphisms and hypersensitivity to antiretroviral therapy in 
patients with human immunodeficiency virus: a meta-analysis. BMC Infect 
Dis 19: 583, 2019. DOI: http://dx.doi.org/10.1186/s12879-019-4227-5. 

598 Cheng L, Wang Y, Li X, Feng W, Weng B, Yuan Q, Xia P and Sun F: Meta-
analysis of the associations of CYP2B6-516G>T polymorphisms with 
efavirenz-induced central nervous system side effects and virological 
outcome in HIV-infected adults. Pharmacogenomics J 20: 246–259, 2020. 
PMID: 31636355. DOI: 10.1038/s41397-019-0112-2. 

599 Pineda-Tenor D, García-Álvarez M, Jiménez-Sousa MA, Vázquez-Morón 
S and Resino S: Relationship between ITPA polymorphisms and hemolytic 
anemia in HCV-infected patients after ribavirin-based therapy: A meta-
analysis. J Transl Med 13: 320, 2015. DOI: 
http://dx.doi.org/10.1186/s12967-015-0682-y. 

600 Cornejo Castro EM, Carr DF, Jorgensen AL, Alfirevic A, Pirmohamed M, 
E.M. CC, D.F. C, A.L. J, A. A, Cornejo Castro EM, Carr DF, Jorgensen AL, 
Alfirevic A and Pirmohamed M: HLA-allelotype associations with 



270 
 

nevirapine-induced hypersensitivity reactions and hepatotoxicity: A 
systematic review of the literature and meta-analysis. Pharmacogenet 
Genomics 25: 186–198, 2015. DOI: 10.1097/FPC.0000000000000124. 

601 Sousa-Pinto B, Pinto-Ramos J, Correia C, Gonçalves-Costa G, Gomes L, 
Gil-Mata S, Araújo L and Delgado L: Pharmacogenetics of abacavir 
hypersensitivity: A systematic review and meta-analysis of the association 
with HLA-B∗57:01. J Allergy Clin Immunol 136: 1092-1094.e3, 2015. DOI: 
10.1016/j.jaci.2015.03.019. 

602 Tangamornsuksan W, Lohitnavy O, Kongkaew C, Chaiyakunapruk N, 
Reisfeld B, Scholfield CN and Lohitnavy M: Association of HLA-B*5701 
genotypes and abacavir-induced hypersensitivity reaction: A sysyematic 
review and meta-analysis. J Pharm Pharm Sci 18: 68–76, 2015. PMID: 
25877443. DOI: 10.18433/j39s3t. 

603 Du P, Wang A, Ma Y and Li X: Association between the UGT1A1*28 allele 
and hyperbilirubinemia in HIV-positive patients receiving atazanavir: A 
meta-analysis. Biosci Rep 39: 1–9, 2019. DOI: 10.1042/BSR20182105. 

604 Li YF, Zhu XM, Liu F, Xiao CS, Bian YF, Li H, Cai J, Li RS and Yang XC: 
Angiotensin-converting enzyme (ACE) gene insertion/deletion 
polymorphism and ACE inhibitor-related cough: A meta-analysis. PLoS 
One 7, 2012. PMID: 22723835. DOI: 10.1371/journal.pone.0037396. 

605 Mu G, Xiang Q, Zhou S, Xie Q, Liu Z, Zhang Z and Cui Y: Association 
between genetic polymorphisms and angiotensin-converting enzyme 
inhibitor-induced cough: A systematic review and meta-analysis. 
Pharmacogenomics 20: 189–212, 2019. DOI: 10.2217/pgs-2018-0157. 

606 Mahmoudpour SH, Leusink M, Putten L Van Der, Terreehorst I, Asselbergs 
FW, De Boer A and Maitland-Van Der Zee AH: Pharmacogenetics of ACE 
inhibitor-induced angioedema and cough: A systematic review and meta-
analysis. Pharmacogenomics 14: 249–260, 2013. DOI: 
10.2217/pgs.12.206. 

607 Nishio K: Angiotensin-converting enzyme and bradykinin gene 
polymorphisms and cough: A meta-analysis. World J Cardiol 3: 329, 2011. 
DOI: 10.4330/wjc.v3.i10.329. 

608 Mahmoudpour SH, Veluchamy A, Siddiqui MK, Asselbergs FW, Souverein 
PC, De Keyser CE, Hofman A, Lang CC, Doney ASF, Stricker BH, De Boer 
A, Maitland-Van Der Zee AH and Palmer CNA: Meta-analysis of genome-
wide association studies on the intolerance of angiotensin-converting 
enzyme inhibitors. Pharmacogenet Genomics 27: 112–119, 2017. DOI: 
10.1097/FPC.0000000000000264. 

609 Rasmussen ER, Hallberg P and Wadelius M: Genome-wide association 
study of angioedema induced by angiotensin-converting enzyme inhibitor 
and angiotensin receptor blocker treatment. Pharmacogenomics J, 2020. 
DOI: https://dx.doi.org/10.1038/s41397-020-0165-2. 

610 Meloche M, Khazaka M, Kassem I, Barhdadi A, Dube M-P and de Denus 
S: CYP2D6 polymorphism and its impact on the clinical response to 
metoprolol: A systematic review and meta-analysis. Br J Clin Pharmacol 
86: 1015–1033, 2020. DOI: https://dx.doi.org/10.1111/bcp.14247. 



271 
 

611 Guo Z, Cui W, Que L, Li C, Tang X and Liu J: Pharmacogenetics of 
medication-related osteonecrosis of the jaw: a systematic review and meta-
analysis. Int J Oral Maxillofac Surg 49: 298–309, 2020. PMID: 31445964. 
DOI: 10.1016/j.ijom.2019.07.016. 

612 Yang G, Hamadeh IS, Katz J, Riva A, Lakatos P, Balla B, Kosa J, Vaszilko 
M, Pelliccioni GA, Davis N, Langaee TY, Moreb JS and Gong Y: 
SIRT1/HERC4 Locus Associated With Bisphosphonate-Induced 
Osteonecrosis of the Jaw: An Exome-Wide Association Analysis. J Bone 
Miner Res 33: 91–98, 2018. DOI: https://dx.doi.org/10.1002/jbmr.3285. 

613 Chen WT and Chi CC: Associations of HLA genotypes with antithyroid 
drug-induced agranulocytosis: A systematic review and meta-analysis of 
pharmacogenomics studies. Br J Clin Pharmacol 85: 1878–1887, 2019. 
DOI: 10.1111/bcp.13989. 

614 Hawcutt DB, Francis B, Carr DF, Jorgensen AL, Yin P, Wallin N, O’Hara N, 
Zhang EJ, Bloch KM, Ganguli A, Thompson B, McEvoy L, Peak M, 
Crawford AA, Walker BR, Blair JC, Couriel J, Smyth RL and Pirmohamed 
M: Susceptibility to corticosteroid-induced adrenal suppression: a genome-
wide association study. Lancet Respir Med 6: 442–450, 2018. DOI: 
10.1016/S2213-2600(18)30058-4. 

615 Gong LL, Fang LH, Wang HY, Peng JH, Si K, Zhu J, Han FF, Wang YH, 
Du GH, Pei LX and Liu LH: Genetic risk factors for glucocorticoid-induced 
osteonecrosis: A meta-analysis. Steroids 78: 401–408, 2013. DOI: 
http://dx.doi.org/10.1016/j.steroids.2013.01.004. 

616 Rojas L, Neumann I, Herrero MJ, Bosó V, Reig J, Poveda JL, Megías J, 
Bea S and Aliño SF: Effect of CYP3A5∗3 on kidney transplant recipients 
treated with tacrolimus: A systematic review and meta-analysis of 
observational studies. Pharmacogenomics J 15: 38–48, 2015. DOI: 
10.1038/tpj.2014.38. 

617 Xia T, Zhu S, Wen Y, Gao S, Li M, Tao X, Zhang F and Chen W: Risk 
factors for calcineurin inhibitor nephrotoxicity after renal transplantation: A 
systematic review and meta-analysis. Drug Des Devel Ther 12: 417–428, 
2018. DOI: 10.2147/DDDT.S149340. 

618 Yee J, Kim SM, Han JM, Lee N, Yoon HY and Gwak HS: The association 
between NAT2 acetylator status and adverse drug reactions of 
sulfasalazine: a systematic review and meta-analysis. Sci Rep 10: 1–8, 
2020. PMID: 32107440. DOI: 10.1038/s41598-020-60467-8. 

619 Tangamornsuksan W and Lohitnavy M: Association between HLA-B*5901 
and methazolamide-induced Stevens-Johnson syndrome/toxic epidermal 
necrolysis: a systematic review and meta-analysis. Pharmacogenomics J 
19: 286–294, 2019. DOI: 10.1038/s41397-018-0052-2. 

620 Xiang Q, Zhang Z, Wu Y, Zuo S, Liu Q, Liu T, Wang X and Cui Y: HLA 
polymorphisms and TKI-induced liver injury in patients with cancer: A meta-
analysis. J Cancer 10: 2161–2168, 2019. DOI: 10.7150/jca.26727. 

621 Tang L, Zhang C, He H, Pan Z, Fan D, He Y, You H and Li Y: Associations 
between ABCG2 gene polymorphisms and gefitinib toxicity in non-small 
cell lung cancer: a meta-analysis. Onco Targets Ther 11: 665–675, 2018. 



272 
 

DOI: https://dx.doi.org/10.2147/OTT.S154244. 

622 Luo H, Qin G and Yao C: Correlation between adverse events after drug 
treatment and the MDR1 C3435T polymorphism in advanced non-small cell 
lung cancer patients in an Asian population: a meta-analysis. J Int Med Res 
47: 3522–3533, 2019. DOI: 
https://dx.doi.org/10.1177/0300060519858012. 

623 Leong SL, Chaiyakunapruk N, Tassaneeyakul W, Arunmanakul P, 
Nathisuwan S and Lee SWH: Roles of pharmacogenomics in non-
anthracycline antineoplastic-induced cardiovascular toxicities: A 
systematic review and meta-analysis of genotypes effect. Int J Cardiol 280: 
190–197, 2019. DOI: 10.1016/j.ijcard.2018.12.049. 

624 Qian YY, Liu XY, Wu Q, Song X, Chen XF, Liu YQ, Pei D, Shen LZ and 
Shu YQ: The ERCC1 C118T polymorphism predicts clinical outcomes of 
colorectal cancer patients receiving Oxaliplatin-based chemotherapy: A 
meta-analysis based on 22 studies. Asian Pacific J Cancer Prev 15: 8383–
8390, 2014. DOI: 10.7314/APJCP.2014.15.19.8383. 

625 Gómez Penã C, Dávila-Fajardo CL, Martínez-González LJ, Carmona-Saéz 
P, Soto Pino MJ, Sánchez Ramos J, Moreno Escobar E, Blancas I, 
Fernández JJ, Fernández D, Correa C and Cabeza Barrera J: Influence of 
the HER2 Ile655Val polymorphism on trastuzumab-induced cardiotoxicity 
in HER2-positive breast cancer patients: A meta-analysis. Pharmacogenet 
Genomics 25: 388–393, 2015. DOI: 10.1097/FPC.0000000000000149. 

626 Tserga E, Nandwani T, Edvall NK, Bulla J, Patel P, Canlon B, Cederroth 
CR and Baguley DM: The genetic vulnerability to cisplatin ototoxicity: a 
systematic review. Sci Rep 9: 3455, 2019. DOI: 
http://dx.doi.org/10.1038/s41598-019-40138-z. 

627 Hagleitner MM, Coenen MJH, Patino-Garcia A, De Bont ESJM, Gonzalez-
Neira A, Vos HI, Van Leeuwen FN, Gelderblom H, Hoogerbrugge PM, 
Guchelaar HJ and Te Loo MWM: Influence of genetic variants in TPMT and 
COMT associated with cisplatin induced hearing loss in patients with 
cancer: Two new cohorts and a meta-analysis reveal significant 
heterogeneity between cohorts. PLoS One 9: 1–13, 2014. PMID: 
25551397. DOI: 10.1371/journal.pone.0115869. 

628 Clemens E, Broer L and Dirksen U: Genetic variation of cisplatin-induced 
ototoxicity in non-cranial-irradiated pediatric patients using a candidate 
gene approach: The International PanCareLIFE Study. 
Pharmacogenomics J 20: 294–305, 2020. PMID: 31666714. DOI: 
10.1038/s41397-019-0113-1. 

629 Assis J, Pereira C, Nogueira A, Pereira D, Carreira R and Medeiros R: 
Genetic variants as ovarian cancer first-line treatment hallmarks: A 
systematic review and meta-analysis. Cancer Treat Rev 61: 35–52, 2017. 
DOI: http://dx.doi.org/10.1016/j.ctrv.2017.10.001. 

630 Peng Z, Wang Q, Gao J, Ji Z, Yuan J, Tian Y and Shen L: Association 
between GSTP1 Ile105Val polymorphism and oxaliplatin-induced 
neuropathy: a systematic review and meta-analysis. Cancer Chemother 
Pharmacol 72: 305–314, 2013. PMID: 23695028. DOI: 10.1007/s00280-
013-2194-x. 



273 
 

631 Liu W, Wang Y, Luo J, Yuan H and Luo Z: Genetic Polymorphisms and 
Platinum-Based Chemotherapy-Induced Toxicities in Patients With Lung 
Cancer: A Systematic Review and Meta-Analysis. Front Oncol 9: 1573, 
2020. DOI: 10.3389/fonc.2019.01573. 

632 Cliff J, Jorgensen AL, Lord R, Azam F, Cossar L, Carr DF and Pirmohamed 
M: The molecular genetics of chemotherapy–induced peripheral 
neuropathy: A systematic review and meta-analysis. Crit Rev Oncol 
Hematol 120: 127–140, 2017. DOI: 10.1016/j.critrevonc.2017.09.009. 

633 Lv F, Ma Y, Zhang Y and Li Z: Relationship between GSTP1 rs1695 gene 
polymorphism and myelosuppression induced by platinum-based drugs: A 
meta-analysis. Int J Biol Markers 33: 364–371, 2018. DOI: 
10.1177/1724600818792897. 

634 Meulendijks D, Rozeman EA, Cats A, Sikorska K, Joerger M, Deenen MJ, 
Beijnen JH and Schellens JHM: Pharmacogenetic variants associated with 
outcome in patients with advanced gastric cancer treated with 
fluoropyrimidine and platinum-based triplet combinations: A pooled 
analysis of three prospective studies. Pharmacogenomics J 17: 441–451, 
2017. DOI: 10.1038/tpj.2016.81. 

635 Liu H, Shi W, Zhao L, Dai D, Gao J and Kong X: Can GSTM1 and GSTT1 
polymorphisms predict clinical outcomes of chemotherapy in gastric and 
colorectal cancers? A result based on the previous reports. Onco Targets 
Ther 9: 3683–3694, 2016. DOI: https://dx.doi.org/10.2147/OTT.S105158. 

636 LEUNG HWC and CHAN ALF: Association and prediction of severe 5-
fluorouracil toxicity with dihydropyrimidine dehydrogenase gene 
polymorphisms: A meta-analysis. Biomed Reports 3: 879–883, 2015. DOI: 
10.3892/br.2015.513. 

637 Tang C, Yu S, Jiang H, Li W, Xu X, Cheng X, Peng K, Chen E, Cui Y and 
Liu T: A meta-analysis: Methylenetetrahydrofolate reductase C677T 
polymorphism in gastric cancer patients treated with 5-Fu based 
chemotherapy predicts serious hematologic toxicity but not prognosis. J 
Cancer 9: 1057–1066, 2018. DOI: http://dx.doi.org/10.7150/jca.23391. 

638 Jiang H and Shen Y: Methylene tetrahydrofolate reductase (MTHFR) gene 
rs1801133 C>T polymorphisms and response to 5-FU based 
chemotherapy in patients with colorectal cancer: A meta-analysis. 
Pteridines 30: 126–132, 2019. DOI: http://dx.doi.org/10.1515/pteridines-
2019-0015. 

639 Li Q, Liu Y, Zhang H-M, Huang Y-P, Wang T-Y, Li D-S and Sun H-Z: 
Influence of DPYD Genetic Polymorphisms on 5-Fluorouracil Toxicities in 
Patients with Colorectal Cancer: A Meta-Analysis. Gastroenterol Res Pract 
2014: 827989, 2014. DOI: https://dx.doi.org/10.1155/2014/827989. 

640 Meulendijks D, Henricks LM and Schellens JHM: Clinical relevance of 
DPYD variants c.1679T>G, c.1236G>A/HapB3, and c.1601G>A as 
predictors of severe fluoropyrimidine-associated toxicity: A systematic 
review and meta-analysis of individual patient data. Lancet Oncol 16: 
1639–1650, 2015. PMID: 26603945. DOI: 10.1016/S1470-2045(15)00286-
7. 



274 
 

641 Meulendijks D, Henricks LM, Amstutz U, Froehlich TK, Largiadèr CR, 
Beijnen JH, de Boer A, Deenen MJ, Cats A and Schellens JHM: Rs895819 
in MIR27A improves the predictive value of DPYD variants to identify 
patients at risk of severe fluoropyrimidine-associated toxicity. Int J Cancer 
138: 2752–2761, 2016. DOI: http://dx.doi.org/10.1002/ijc.30014. 

642 Hamzic S, Kummer D, Froehlich TK, Joerger M, Aebi S, Palles C, 
Thomlinson I, Meulendijks D, Schellens JHM, García-González X, López-
Fernández LA, Amstutz U and Largiadèr CR: Evaluating the role of 
ENOSF1 and TYMS variants as predictors in fluoropyrimidine-related 
toxicities: An IPD meta-analysis. Pharmacol Res 152: 104594, 2020. DOI: 
http://dx.doi.org/10.1016/j.phrs.2019.104594. 

643 Terrazzino S, Cargnin S, Del Re M, Danesi R, Canonico PL and Genazzani 
AA: DPYD IVS14+1G>A and 2846A>T genotyping for the prediction of 
severe fluoropyrimidine-related toxicity: A meta-analysis. 
Pharmacogenomics 14: 1255–1272, 2013. DOI: 
http://dx.doi.org/10.2217/pgs.13.116. 

644 Jennings BA, Kwok CS, Willis G, Matthews V, Wawruch P and Loke YK: 
Functional polymorphisms of folate metabolism and response to 
chemotherapy for colorectal cancer, a systematic review and meta-
analysis. Pharmacogenet Genomics 22: 290–304, 2012. DOI: 
10.1097/FPC.0b013e328351875d. 

645 Shen X, Wang J, Yan X, Ren X, Wang F, Chen X and Xu Y: Predictive 
value of GSTP1 Ile105Val polymorphism in clinical outcomes of 
chemotherapy in gastric and colorectal cancers: a systematic review and 
meta-analysis. Cancer Chemother Pharmacol 77: 1285–1302, 2016. DOI: 
10.1007/s00280-016-3047-1. 

646 Eliasen A, Dalhoff K, Mathiasen R, Schmiegelow K, Rechnitzer C, Schelde 
AB, Perwitasari DA, Tsuji D and Brok J: Pharmacogenetics of antiemetics 
for chemotherapy-induced nausea and vomiting: A systematic review and 
meta-analysis. Crit Rev Oncol Hematol 149: 102939, 2020. PMID: 
32259776. DOI: 10.1016/j.critrevonc.2020.102939. 

647 Rosmarin D, Palles C and Tomlinson I: Genetic markers of toxicity from 
capecitabine and other fluorouracil-based regimens: Investigation in the 
QUASAR2 study, systematic review, and meta-analysis. J Clin Oncol 32: 
1031–1039, 2014. PMID: 24590654. DOI: 10.1200/JCO.2013.51.1857. 

648 Li H, Wang X and Wang X: The impact of CDA A79C gene polymorphisms 
on the response and hematologic toxicity in gemcitabine-treated patients: 
A meta-analysis. Int J Biol Markers 29: e224–e232, 2014. DOI: 
10.5301/jbm.5000076. 

649 Ding X, Chen W, Fan H and Zhu B: Cytidine deaminase polymorphism 
predicts toxicity of gemcitabine-based chemotherapy. Gene 559: 31–37, 
2015. DOI: http://dx.doi.org/10.1016/j.gene.2015.01.010. 

650 Reichwagen A, Ziepert M and Wojnowski L: Association of NADPH oxidase 
polymorphisms with anthracycline-induced cardiotoxicity in the RICOVER-
60 trial of patients with aggressive CD20+ B-cell lymphoma. 
Pharmacogenomics 16: 361–372, 2015. DOI: 
http://dx.doi.org/10.2217/pgs.14.179. 



275 
 

651 Leong SL, Chaiyakunapruk N and Lee SWH: Candidate gene association 
studies of anthracycline-induced cardiotoxicity: A systematic review and 
meta-Analysis. Sci Rep 7: 1–13, 2017. DOI: 10.1038/s41598-017-00075-
1. 

652 Chaturvedi P, Tulsyan S, Agarwal G, Lal P, Agarwal S, Mittal RD and Mittal 
B: Influence of ABCB1 genetic variants in breast cancer treatment 
outcomes. Cancer Epidemiol 37: 754–761, 2013. DOI: 
http://dx.doi.org/10.1016/j.canep.2013.04.012. 

653 Wright GEB, Amstutz U and Jean-Louis J: Pharmacogenomics of 
Vincristine-Induced Peripheral Neuropathy Implicates Pharmacokinetic 
and Inherited Neuropathy Genes. Clin Pharmacol Ther 105: 402–410, 
2019. DOI: 10.1002/cpt.1179. 

654 Li P, Chen Q, Wang Y-D and Ha M-W: Effects of MTHFR genetic 
polymorphisms on toxicity and clinical response of irinotecan-based 
chemotherapy in patients with colorectal cancer. Genet Test Mol 
Biomarkers 18: 313–322, 2014. DOI: 
http://dx.doi.org/10.1089/gtmb.2013.0494. 

655 Yang Y, Zhou M, Hu M, Cui Y, Zhong Q, Liang L and Huang F: UGT1A1*6 
and UGT1A1*28 polymorphisms are correlated with irinotecan-induced 
toxicity: A meta-analysis. Asia Pac J Clin Oncol 14: e479–e489, 2018. DOI: 
http://dx.doi.org/10.1111/ajco.13028. 

656 Zaïr ZM and Singer DRJ: Efflux transporter variants as predictors of drug 
toxicity in lung cancer patients: Systematic review and meta-analysis. 
Pharmacogenomics 17: 1089–1112, 2016. DOI: 
http://dx.doi.org/10.2217/pgs-2015-0006. 

657 Zaïr ZM and Singer DRJ: Influx transporter variants as predictors of cancer 
chemotherapy-induced toxicity: Systematic review and meta-analysis. 
Pharmacogenomics 17: 1189–1205, 2016. DOI: 10.2217/pgs-2015-0005. 

658 Hu Z-YY, Yu Q and Zhao Y-SS: Dose-dependent association between 
UGT1A1*28 polymorphism and irinotecan-induced  diarrhoea: a meta-
analysis. Eur J Cancer 46: 1856–1865, 2010. PMID: 20335017. DOI: 
10.1016/j.ejca.2010.02.049. 

659 Liu X, Cheng D, Kuang Q, Liu G and Xu W: Association of UGT1A1*28 
polymorphisms with irinotecan-induced toxicities in  colorectal cancer: a 
meta-analysis in Caucasians. Pharmacogenomics J 14: 120–129, 2014. 
PMID: 23529007. DOI: https://dx.doi.org/10.1038/tpj.2013.10. 

660 Han F, Guo C, Yu D, Zhu J, Gong L, Li G, Lv Y, Liu H, An G and Liu L: 
Associations between UGT1A1*6 or UGT1A1*6/*28 polymorphisms and 
irinotecan-induced neutropenia in Asian cancer patients. Cancer 
Chemother Pharmacol 73: 779–788, 2014. DOI: 
https://dx.doi.org/10.1007/s00280-014-2405-0. 

661 Cheng L, Li M, Hu J, Ren W, Xie L, Sun ZP, Liu BR, Xu GX, Dong XL and 
Qian XP: UGT1A1*6 polymorphisms are correlated with irinotecan-induced 
toxicity: A system review and meta-analysis in Asians. Cancer Chemother 
Pharmacol 73: 551–560, 2014. DOI: 10.1007/s00280-014-2382-3. 

662 Hoskins JM, Goldberg RM, Qu P, Ibrahim JG and McLeod HL: UGT1A1*28 



276 
 

genotype and irinotecan-induced neutropenia: Dose matters. J Natl Cancer 
Inst 99: 1290–1295, 2007. DOI: 10.1093/jnci/djm115. 

663 Hu ZY, Yu Q, Pei Q and Guo C: Dose-dependent association between 
UGT1A1*28 genotype and irinotecan-induced neutropenia: Low doses also 
increase risk. Clin Cancer Res 16: 3832–3842, 2010. DOI: 10.1158/1078-
0432.CCR-10-1122. 

664 Liu X-H, Lu J, Duan W, Dai Z-M, Wang M, Lin S, Yang P-T, Tian T, Liu K, 
Zhu Y-Y, Zheng Y, Sheng Q-W and Dai Z-J: Predictive value of 
UGT1A1*28 polymorphism in irinotecan-based chemotherapy. J Cancer 8: 
691–703, 2017. DOI: http://dx.doi.org/10.7150/jca.17210. 

665 Chen X, Liu L, Guo Z, Liang W, He J, Huang L, Deng Q, Tang H, Pan H, 
Guo M, Liu Y, He Q and He J: UGT1A1 polymorphisms with irinotecan-
induced toxicities and treatment outcome in Asians with Lung Cancer: a 
meta-analysis. Cancer Chemother Pharmacol 79: 1109–1117, 2017. 
PMID: 28502040. DOI: 10.1007/s00280-017-3306-9. 

666 Zhang X, Yin JF, Zhang J, Kong SJ, Zhang HY and Chen XM: UGT1A1*6 
polymorphisms are correlated with irinotecan-induced neutropenia: a 
systematic review and meta-analysis. Cancer Chemother Pharmacol 80: 
135–149, 2017. DOI: 10.1007/s00280-017-3344-3. 

667 Zhang X, Yin J-F, Zhang J, Kong S-J, Zhang H-Y and Chen X-M: 
UGT1A1*6 polymorphisms are correlated with irinotecan-induced 
neutropenia: a systematic review and meta-analysis. Cancer Chemother 
Pharmacol 80: 135–149, 2017. DOI: http://dx.doi.org/10.1007/s00280-017-
3344-3. 

668 Health Information Research Unit - HIRU ~ Search Strategies for MEDLINE 
in Ovid Syntax and the PubMed translation. Available from: 
https://hiru.mcmaster.ca/hiru/HIRU_Hedges_MEDLINE_Strategies.aspx 
[last accessed January 10, 2020]. 

669 Health Information Research Unit - HIRU ~ Search Strategies for EMBASE 
in Ovid Syntax. Available from: 
https://hiru.mcmaster.ca/hiru/HIRU_Hedges_EMBASE_Strategies.aspx 
[last accessed January 10, 2020]. 

670 Search Results - CADTH Search Filters Database - Canadian Agency for 
Drugs and Technologies in Health. Available from: 
https://searchfilters.cadth.ca/list?q=&p=1&ps=20&setName_facet=ovid 
000000%7COvid [last accessed July 22, 2023]. 

671 Bush WS, Crosslin DR and Ritchie MD: Genetic variation among 82 
pharmacogenes: The PGRNseq data from the eMERGE network. Clin 
Pharmacol Ther 100: 160, 2016. PMID: 26857349. DOI: 10.1002/CPT.350. 

672 Mostafa S, Kirkpatrick CMJ, Byron K and Sheffield L: An analysis of allele, 
genotype and phenotype frequencies, actionable pharmacogenomic (PGx) 
variants and phenoconversion in 5408 Australian patients genotyped for 
CYP2D6, CYP2C19, CYP2C9 and VKORC1 genes. J Neural Transm 126: 
5–18, 2019. PMID: 30191366. DOI: 10.1007/S00702-018-1922-
0/TABLES/8. 

673 Van Driest SL, Shi Y, Bowton E, Schildcrout J, Peterson J, Pulley J, Denny 



277 
 

J and Roden D: Clinically actionable genotypes among 10,000 patients with 
preemptive pharmacogenomic testing. Clin Pharmacol Ther 95: 423, 2014. 
PMID: 24253661. DOI: 10.1038/CLPT.2013.229. 

674 Ji Y, Skierka JM and Black JL: Preemptive Pharmacogenomic Testing for 
Precision Medicine: A Comprehensive Analysis of Five Actionable 
Pharmacogenomic Genes Using Next-Generation DNA Sequencing and a 
Customized CYP2D6 Genotyping Cascade. J Mol Diagn 18: 438, 2016. 
PMID: 26947514. DOI: 10.1016/J.JMOLDX.2016.01.003. 

675 McInnes G, Lavertu A, Sangkuhl K, Klein TE, Whirl‐Carrillo M and Altman 
RB: Pharmacogenetics at Scale: An Analysis of the UK Biobank. Clin 
Pharmacol Ther: cpt.2122, 2020. DOI: 10.1002/cpt.2122. 

676 Kimpton JE, Carey IM, Threapleton CJD, Robinson A, Harris T, Cook DG, 
DeWilde S and Baker EH: Longitudinal exposure of English primary care 
patients to pharmacogenomic drugs: An analysis to inform design of pre-
emptive pharmacogenomic testing. Br J Clin Pharmacol 85: 2734–2746, 
2019. PMID: 31454087. DOI: 10.1111/BCP.14100. 

677 EBM DataLab University of Oxford: OpenPrescribing., 2017. Available 
from: https://openprescribing.net/chemical/ [last accessed February 6, 
2023]. 

678 Tyrrell J, Mulugeta A, Wood AR, Zhou A, Beaumont RN, Tuke MA, Jones 
SE, Ruth KS, Yaghootkar H, Sharp S, Thompson WD, Ji Y, Harrison J, 
Freathy RM, Murray A, Weedon MN, Lewis C, Frayling TM and Hyppönen 
E: Using genetics to understand the causal influence of higher BMI on 
depression. Int J Epidemiol 48: 834–848, 2019. PMID: 30423117. DOI: 
10.1093/IJE/DYY223. 

679 Hellwege JN, Keaton JM, Giri A, Gao X, Velez Edwards DR and Edwards 
TL: Population Stratification in Genetic Association Studies. Curr Protoc 
Hum Genet 95: 1.22.1-1.22.23, 2017. PMID: 29044472. DOI: 
10.1002/CPHG.48. 

680 The electronic medicines compendium (emc). Available from: 
https://www.medicines.org.uk/emc/ [last accessed February 1, 2023]. 

681 DrugBank Online | Database for Drug and Drug Target Info. Available from: 
https://go.drugbank.com/ [last accessed February 1, 2023]. 

682 Bycroft C, Freeman C and Marchini J: The UK Biobank resource with deep 
phenotyping and genomic data. Nature 562: 203, 2018. PMID: 30305743. 
DOI: 10.1038/S41586-018-0579-Z. 

683 UK Biobank online resource centre. Available from: 
https://biobank.ctsu.ox.ac.uk/ [last accessed January 3, 2023]. 

684 Balduzzi S, Rücker G and Schwarzer G: How to perform a meta-analysis 
with R: a practical tutorial. Evid Based Ment Health 22: 153–160, 2019. 
PMID: 31563865. DOI: 10.1136/EBMENTAL-2019-300117. 

685 Stijnen T, Hamza TH and Özdemir P: Random effects meta‐analysis of 
event outcome in the framework of the generalized linear mixed model with 
applications in sparse data. Stat Med 29: 3046–3067, 2010. 

686 Bagos PG and Nikolopoulos GK: Mixed-effects poisson regression models 



278 
 

for meta-analysis of follow-up studies with constant or varying durations. 
Int J Biostat 5, 2009. DOI: 10.2202/1557-4679.1168. 

687 Viechtbauer W: Bias and efficiency of meta-analytic variance estimators in 
the random-effects model. J Educ Behav Stat 30: 261–293, 2005. 

688 Grady BJ and Ritchie MD: Statistical Optimization of Pharmacogenomics 
Association Studies: Key Considerations from Study Design to Analysis. 
Curr Pharmacogenomics Person Med 9: 41, 2011. PMID: 21887206. DOI: 
10.2174/187569211794728805. 

689 High Cholesterol - Symptoms, Causes & Levels - BHF. Available from: 
https://www.bhf.org.uk/informationsupport/risk-factors/high-cholesterol 
[last accessed August 30, 2023]. 

690 What are Triglycerides - HEART UK - Cholesterol Charity. Available from: 
https://www.heartuk.org.uk/cholesterol/triglycerides [last accessed August 
30, 2023]. 

691 Youssef E, Kirkdale CL, Wright DJ, Guchelaar HJ and Thornley T: 
Estimating the potential impact of implementing pre-emptive 
pharmacogenetic testing in primary care across the UK. Br J Clin 
Pharmacol 87: 2907–2925, 2021. PMID: 33464647. DOI: 
10.1111/BCP.14704. 

692 Rollinson V, Turner R and Pirmohamed M: Pharmacogenomics for Primary 
Care: An Overview. Genes (Basel) 11: 1–29, 2020. PMID: 33198260. DOI: 
10.3390/GENES11111337. 

693 Guo C, Xie X, Li J, Huang L, Chen S, Li X, Yi X, Wu Q, Yang G, Zhou H, 
Liu JP and Chen X: Pharmacogenomics guidelines: Current status and 
future development. Clin Exp Pharmacol Physiol 46: 689–693, 2019. PMID: 
31009088. DOI: 10.1111/1440-1681.13097. 

694 Swen JJ, Huizinga TW, Gelderblom H, De Vries EGE, Assendelft WJJ, 
Kirchheiner J and Guchelaar HJ: Translating Pharmacogenomics: 
Challenges on the Road to the Clinic. PLOS Med 4: e209, 2007. PMID: 
17696640. DOI: 10.1371/JOURNAL.PMED.0040209. 

695 Swen JJ, Wilting I and Deneer VHM: Pharmacogenetics: From Bench to 
Byte. Clin Pharmacol Ther 83: 781–787, 2008. PMID: 18253145. DOI: 
10.1038/SJ.CLPT.6100507. 

696 Rigter T, Jansen ME, Groot JM d., Janssen SWJ, Rodenburg W and Cornel 
MC: Implementation of Pharmacogenetics in Primary Care: A Multi-
Stakeholder Perspective. Front Genet 11: 1, 2020. DOI: 
10.3389/FGENE.2020.00010/FULL. 

697 Damkier P: Obviously nine believers: Actionable germline genetic variants 
for pre-emptive pharmacogenetic testing. Basic Clin Pharmacol Toxicol 
126: 5–6, 2020. PMID: 31597220. DOI: 10.1111/BCPT.13335. 

698 Turner RM, Fontana V, Zhang JE, Carr D, Yin P, FitzGerald R, Morris AP 
and Pirmohamed M: A Genome-wide Association Study of Circulating 
Levels of Atorvastatin and Its  Major Metabolites. Clin Pharmacol Ther 108: 
287–297, 2020. PMID: 32128760. DOI: 10.1002/cpt.1820. 

699 Jiang J, Tang Q, Feng J, Dai R, Wang Y, Yang Y, Tang X, Deng C, Zeng 



279 
 

H, Zhao Y and Zhang F: Association between SLCO1B1 -521T>C and -
388A>G polymorphisms and risk of statin-induced adverse drug reactions: 
A meta-analysis. Springerplus 5, 2016. PMID: 27606156. DOI: 
10.1186/S40064-016-2912-Z. 

700 Sai K, Kajinami K and Saito Y: A possible role for HLA-DRB1*04:06 in 
statin-related myopathy in Japanese patients. Drug Metab Pharmacokinet 
31: 467–470, 2016. PMID: 27839692. DOI: 10.1016/j.dmpk.2016.09.002. 

701 Danik JS, Chasman DI, MacFadyen JG, Nyberg F, Barratt BJ and Ridker 
PM: Lack of association between SLCO1B1 polymorphisms and clinical 
myalgia following rosuvastatin therapy. Am Heart J 165: 1008–1014, 2013. 
DOI: https://dx.doi.org/10.1016/j.ahj.2013.01.025. 

702 Ramakumari N, Indumathi B, Katkam SK and Kutala VK: Impact of 
pharmacogenetics on statin-induced myopathy in South-Indian subjects. 
Indian Heart J 70 Suppl 3: S120–S125, 2018. PMID: 30595243. DOI: 
10.1016/j.ihj.2018.07.009. 

703 Puccetti L, Ciani F and Auteri A: Genetic involvement in statins induced 
myopathy. Preliminary data from an  observational case-control study. 
Atherosclerosis 211: 28–29, 2010. PMID: 20347093. DOI: 
10.1016/j.atherosclerosis.2010.02.026. 

704 Santos PCJL, Gagliardi ACM, Miname MH, Chacra AP, Santos RD, Krieger 
JE and Pereira AC: SLCO1B1 haplotypes are not associated with 
atorvastatin-induced myalgia in  Brazilian patients with familial 
hypercholesterolemia. Eur J Clin Pharmacol 68: 273–279, 2012. PMID: 
21928084. DOI: 10.1007/s00228-011-1125-1. 

705 Hubáček JA, Dlouhá D, Adámková V, Zlatohlavek L, Viklický O, Hrubá P, 
Češka R and Vrablík M: SLCO1B1 polymorphism is not associated with 
risk of statin-induced  myalgia/myopathy in a Czech population. Med Sci 
Monit  Int Med J Exp  Clin Res 21: 1454–1459, 2015. PMID: 25992810. 
DOI: 10.12659/MSM.893007. 

706 Khine H, Yuet WC, Adams-Huet B and Ahmad Z: Statin-associated muscle 
symptoms and SLCO1B1 rs4149056 genotype in patients with  familial 
hypercholesterolemia. Am Heart J 179: 1–9, 2016. PMID: 27595674. DOI: 
10.1016/j.ahj.2016.05.015. 

707 Brunham LR, Lansberg PJ, Zhang L, Miao F, Carter C, Hovingh GK, 
Visscher H, Jukema JW, Stalenhoef AF, Ross CJD, Carleton BC, Kastelein 
JJP and Hayden MR: Differential effect of the rs4149056 variant in 
SLCO1B1 on myopathy associated  with simvastatin and atorvastatin. 
Pharmacogenomics J 12: 233–237, 2012. PMID: 21243006. DOI: 
10.1038/tpj.2010.92. 

708 Donnelly LA, Doney ASF, Tavendale R, Lang CC, Pearson ER, Colhoun 
HM, McCarthy MI, Hattersley AT, Morris AD and Palmer CNA: Common 
nonsynonymous substitutions in SLCO1B1 predispose to statin intolerance 
in  routinely treated individuals with type 2 diabetes: a go-DARTS study. 
Clin Pharmacol Ther 89: 210–216, 2011. PMID: 21178985. DOI: 
10.1038/clpt.2010.255. 

709 Linde R, Peng L, Desai M and Feldman D: The role of vitamin D and 



280 
 

SLCO1B1*5 gene polymorphism in statin-associated  myalgias. 
Dermatoendocrinol 2: 77–84, 2010. PMID: 21547103. DOI: 
10.4161/derm.2.2.13509. 

710 Liu J-E, Liu X-Y, Chen S, Zhang Y, Cai L-Y, Yang M, Lai W-H, Ren B and 
Zhong S-L: SLCO1B1 521T > C polymorphism associated with 
rosuvastatin-induced myotoxicity in  Chinese coronary artery disease 
patients: a nested case-control study. Eur J Clin Pharmacol 73: 1409–
1416, 2017. PMID: 28812116. DOI: 10.1007/s00228-017-2318-z. 

711 Hou Q, Li S, Li L, Li Y, Sun X and Tian H: Association Between SLCO1B1 
Gene T521C Polymorphism and Statin-Related Myopathy  Risk: A Meta-
Analysis of Case-Control Studies. Medicine (Baltimore) 94: e1268, 2015. 
PMID: 26376374. DOI: 10.1097/MD.0000000000001268. 

712 Lu B, Sun L, Seraydarian M, Hoffmann TJ, Medina MW, Risch N, Iribarren 
C, Krauss RM and Oni-Orisan A: Effect of SLCO1B1 T521C on Statin-
Related Myotoxicity With Use of Lovastatin and  Atorvastatin. Clin 
Pharmacol Ther 110: 733–740, 2021. PMID: 34114646. DOI: 
10.1002/cpt.2337. 

713 Xiang Q, Zhang X-D, Mu G-Y, Wang Z, Liu Z-Y, Xie Q-F, Hu K, Zhang Z, 
Ma L-Y, Jiang J and Cui Y-M: Correlation between single-nucleotide 
polymorphisms and statin-induced myopathy:  a mixed-effects model meta-
analysis. Eur J Clin Pharmacol 77: 569–581, 2021. PMID: 33150478. DOI: 
10.1007/s00228-020-03029-1. 

714 Linskey DW, English JD, Perry DA, Ochs-Balcom HM, Ma C, Isackson PJ, 
Vladutiu GD and Luzum JA: Association of SLCO1B1 c.521T>C 
(rs4149056) with discontinuation of atorvastatin  due to statin-associated 
muscle symptoms. Pharmacogenet Genomics 30: 208–211, 2020. PMID: 
32453264. DOI: 10.1097/FPC.0000000000000412. 

715 de Keyser CE, Peters BJM, Becker ML, Visser LE, Uitterlinden AG, Klungel 
OH, Verstuyft C, Hofman A, Maitland-van der Zee A-H and Stricker BH: 
The SLCO1B1 c.521T>C polymorphism is associated with dose decrease 
or switching  during statin therapy in the Rotterdam Study. Pharmacogenet 
Genomics 24: 43–51, 2014. PMID: 24263182. DOI: 
10.1097/FPC.0000000000000018. 

716 Carr DF, O’Meara H, Jorgensen AL, Campbell J, Hobbs M, McCann G, van 
Staa T and Pirmohamed M: SLCO1B1 genetic variant associated with 
statin-induced myopathy: a  proof-of-concept study using the clinical 
practice research datalink. Clin Pharmacol Ther 94: 695–701, 2013. PMID: 
23942138. DOI: 10.1038/clpt.2013.161. 

717 Jiang J, Tang Q, Feng J, Dai R, Wang Y, Yang Y, Tang X, Deng C, Zeng 
H, Zhao Y and Zhang F: Association between SLCO1B1 -521T>C and -
388A>G polymorphisms and risk of  statin-induced adverse drug reactions: 
A meta-analysis. Springerplus 5: 1368, 2016. PMID: 27606156. DOI: 
10.1186/s40064-016-2912-z. 

718 Jansen ME, Rigter T, Fleur TMC, Souverein PC, Verschuren WMM, 
Vijverberg SJ, Swen JJ, Rodenburg W and Cornel MC: Predictive Value of 
SLCO1B1 c.521T>C Polymorphism on Observed Changes in the 
Treatment of 1136 Statin-Users. Genes (Basel) 14, 2023. PMID: 



281 
 

36833383. DOI: 10.3390/GENES14020456. 

719 Turner RM, Radman I, Bozina N and Alfirevic A: Pharmacogenetics and 
statin-related myopathy: what do we know? Pharmacogenomics 21: 821–
825, 2020. PMID: 32723135. DOI: 10.2217/PGS-2020-0041. 

720 Wang Y, Tian Y, Lv P, Chen L, Luo W, Jing X, Li H, Tan Z, Wang Y, Zhou 
H and Ouyang D-S: The effect of SLCO1B1 polymorphism on the 
pharmacokinetics of atorvastatin and  2-hydroxyatorvastatin in healthy 
Chinese people. Pharmazie 72: 365–368, 2017. PMID: 29442027. DOI: 
10.1691/ph.2017.6944. 

721 Zubiaur P, Benedicto MD, Villapalos-García G, Navares-Gómez M, Mejía-
Abril G, Román M, Martín-Vílchez S, Ochoa D and Abad-Santos F: 
SLCO1B1 Phenotype and CYP3A5 Polymorphism Significantly Affect 
Atorvastatin  Bioavailability. J Pers Med 11, 2021. PMID: 33805706. DOI: 
10.3390/jpm11030204. 

722 León-Cachón RBR, Ascacio-Martínez JA, Gamino-Peña ME, Cerda-Flores 
RM, Meester I, Gallardo-Blanco HL, Gómez-Silva M, Piñeyro-Garza E and 
Barrera-Saldaña HA: A pharmacogenetic pilot study reveals MTHFR, 
DRD3, and MDR1 polymorphisms as  biomarker candidates for slow 
atorvastatin metabolizers. BMC Cancer 16: 74, 2016. PMID: 26857559. 
DOI: 10.1186/s12885-016-2062-2. 

723 Lee YJ, Lee MG, Lim LA, Jang SB and Chung JY: Effects of SLCO1B1 and 
ABCB1 genotypes on the pharmacokinetics of atorvastatin  and 2-
hydroxyatorvastatin in healthy Korean subjects. Int J Clin Pharmacol Ther 
48: 36–45, 2010. PMID: 20040338. DOI: 10.5414/cpp48036. 

724 Lee N, Maeda K, Fukizawa S, Ieiri I, Tomaru A, Akao H, Takeda K, Iwadare 
M, Niwa O, Masauji T, Yamane N, Kajinami K, Kusuhara H and Sugiyama 
Y: Microdosing clinical study to clarify pharmacokinetic and 
pharmacogenetic  characteristics of atorvastatin in Japanese 
hypercholesterolemic patients. Drug Metab Pharmacokinet 34: 387–395, 
2019. PMID: 31594719. DOI: 10.1016/j.dmpk.2019.08.004. 

725 He Y-J, Zhang W, Chen Y, Guo D, Tu J-H, Xu L-Y, Tan Z-R, Chen B-L, Li 
Z, Zhou G, Yu B-N, Kirchheiner J and Zhou H-H: Rifampicin alters 
atorvastatin plasma concentration on the basis of SLCO1B1  521T>C 
polymorphism. Clin Chim Acta 405: 49–52, 2009. PMID: 19374892. DOI: 
10.1016/j.cca.2009.04.003. 

726 DeGorter MK, Tirona RG, Schwarz UI, Choi Y-H, Dresser GK, Suskin N, 
Myers K, Zou G, Iwuchukwu O, Wei W-Q, Wilke RA, Hegele RA and Kim 
RB: Clinical and pharmacogenetic predictors of circulating atorvastatin and  
rosuvastatin concentrations in routine clinical care. Circ Cardiovasc Genet 
6: 400–408, 2013. PMID: 23876492. DOI: 
10.1161/CIRCGENETICS.113.000099. 

727 Rajput TA, Naveed AK, Farooqi ZR and Khan S: Effects of two functionally 
important SLCO1B1 gene polymorphisms on  pharmacokinetics of 
atorvastatin. Pak J Pharm Sci 30: 1363–1370, 2017. PMID: 29039339. 

728 Pasanen MK, Fredrikson H, Neuvonen PJ and Niemi M: Different effects of 
SLCO1B1 polymorphism on the pharmacokinetics of atorvastatin  and 



282 
 

rosuvastatin. Clin Pharmacol Ther 82: 726–733, 2007. PMID: 17473846. 
DOI: 10.1038/sj.clpt.6100220. 

729 Woo HI, Kim SR, Huh W, Ko J-W and Lee S-Y: Association of genetic 
variations with pharmacokinetics and lipid-lowering  response to 
atorvastatin in healthy Korean subjects. Drug Des Devel Ther 11: 1135–
1146, 2017. PMID: 28435225. DOI: 10.2147/DDDT.S131487. 

730 Daka A, Dimovski A, Kapedanovska A, Vavlukis M, Eftimov A, Labachevski 
N, Jakjovski K, Geshkovska MN, Nebija D and Mladenovska K: Effects of 
single nucleotide polymorphisms and haplotypes of the SLCO1B1 gene on  
the pharmacokinetic profile of atorvastatin in healthy Macedonian 
volunteers. Pharmazie 70: 480–488, 2015. PMID: 26373210. 

731 Ulvestad M, Skottheim IB, Jakobsen GS, Bremer S, Molden E, Asberg A, 
Hjelmesæth J, Andersson TB, Sandbu R and Christensen H: Impact of 
OATP1B1, MDR1, and CYP3A4 expression in liver and intestine on  
interpatient pharmacokinetic variability of atorvastatin in obese subjects. 
Clin Pharmacol Ther 93: 275–282, 2013. PMID: 23361102. DOI: 
10.1038/clpt.2012.261. 

732 Birmingham BK, Bujac SR, Elsby R, Azumaya CT, Wei C, Chen Y, 
Mosqueda-Garcia R and Ambrose HJ: Impact of ABCG2 and SLCO1B1 
polymorphisms on pharmacokinetics of rosuvastatin,  atorvastatin and 
simvastatin acid in Caucasian and Asian subjects: a class effect? Eur J Clin 
Pharmacol 71: 341–355, 2015. PMID: 25673568. DOI: 10.1007/s00228-
014-1801-z. 

733 Mori D, Kashihara Y, Yoshikado T, Kimura M, Hirota T, Matsuki S, Maeda 
K, Irie S, Ieiri I, Sugiyama Y and Kusuhara H: Effect of OATP1B1 genotypes 
on plasma concentrations of endogenous OATP1B1  substrates and drugs, 
and their association in healthy volunteers. Drug Metab Pharmacokinet 34: 
78–86, 2019. PMID: 30528195. DOI: 10.1016/j.dmpk.2018.09.003. 

734 Luzum JA, Theusch E, Taylor KD, Wang A, Sadee W, Binkley PF, Krauss 
RM, Medina MW and Kitzmiller JP: Individual and Combined Associations 
of Genetic Variants in CYP3A4, CYP3A5, and SLCO1B1 With Simvastatin 
and Simvastatin Acid Plasma Concentrations. J Cardiovasc Pharmacol 66: 
80–85, 2015. PMID: 26164721. DOI: 10.1097/FJC.0000000000000246. 

735 Choi HY, Bae KS, Cho SH, Ghim JL, Choe S, Jung JA, Jin SJ, Kim HS and 
Lim HS: Impact of CYP2D6, CYP3A5, CYP2C19, CYP2A6, SLCO1B1, 
ABCB1, and ABCG2 gene polymorphisms on the pharmacokinetics of 
simvastatin and simvastatin acid. Pharmacogenet Genomics 25: 595–608, 
2015. PMID: 26367500. DOI: 10.1097/FPC.0000000000000176. 

736 Pasanen MK, Neuvonen M, Neuvonen PJ and Niemi M: SLCO1B1 
polymorphism markedly affects the pharmacokinetics of simvastatin acid. 
Pharmacogenet Genomics 16: 873–879, 2006. PMID: 17108811. DOI: 
10.1097/01.FPC.0000230416.82349.90. 

737 Wagner JB, Abdel-Rahman S, Van Haandel L, Gaedigk A, Gaedigk R, 
Raghuveer G, Kauffman R and Leeder JS: Impact of SLCO1B1 Genotype 
on Pediatric Simvastatin Acid Pharmacokinetics. J Clin Pharmacol 58: 
823–833, 2018. PMID: 29469964. DOI: 10.1002/JCPH.1080. 



283 
 

738 Jiang F, Choi JY, Lee JH, Ryu S, Park ZW, Lee JG, Na HS, Lee SY, Oh 
WY, Chung MW and Choi SE: The influences of SLCO1B1 and ABCB1 
genotypes on the pharmacokinetics of simvastatin, in relation to CYP3A4 
inhibition. Pharmacogenomics 18: 459–469, 2017. PMID: 28350522. DOI: 
10.2217/PGS-2016-0199. 

739 Tsamandouras N, Dickinson G, Guo Y, Hall S, Rostami-Hodjegan A, 
Galetin A and Aarons L: Development and Application of a Mechanistic 
Pharmacokinetic Model for Simvastatin and its Active Metabolite 
Simvastatin Acid Using an Integrated Population PBPK Approach. Pharm 
Res 32: 1864–1883, 2015. PMID: 25446771. DOI: 10.1007/S11095-014-
1581-2. 

740 Tsamandouras N, Dickinson G, Guo Y, Hall S, Rostami-Hodjegan A, 
Galetin A and Aarons L: Identification of the effect of multiple 
polymorphisms on the pharmacokinetics of  simvastatin and simvastatin 
acid using a population-modeling approach. Clin Pharmacol Ther 96: 90–
100, 2014. PMID: 24598718. DOI: 10.1038/clpt.2014.55. 

741 Ieiri I, Suwannakul S, Maeda K, Uchimaru H, Hashimoto K, Kimura M, 
Fujino H, Hirano M, Kusuhara H, Irie S, Higuchi S and Sugiyama Y: 
SLCO1B1 (OATP1B1, an uptake transporter) and ABCG2 (BCRP, an efflux 
transporter)  variant alleles and pharmacokinetics of pitavastatin in healthy 
volunteers. Clin Pharmacol Ther 82: 541–547, 2007. PMID: 17460607. 
DOI: 10.1038/sj.clpt.6100190. 

742 Zhou Q, Chen Q-X, Ruan Z-R, Yuan H, Xu H-M and Zeng S: 
CYP2C9*3(1075A > C), ABCB1 and SLCO1B1 genetic polymorphisms and 
gender are  determinants of inter-subject variability in pitavastatin 
pharmacokinetics. Pharmazie 68: 187–194, 2013. PMID: 23556337. 

743 Zhang D, Ding Y, Wang X, Xin W, Du W, Chen W, Zhang X and Li P: Effects 
of ABCG2 and SLCO1B1 gene variants on inflammation markers in 
patients  with hypercholesterolemia and diabetes mellitus treated with 
rosuvastatin. Eur J Clin Pharmacol 76: 939–946, 2020. PMID: 32361904. 
DOI: 10.1007/s00228-020-02882-4. 

744 Liu M, Wu X-J, Zhao G-L, Zhang T, Xu S-S, Sun Y-X, Qiu F and Zhao L-M: 
Effects of Polymorphisms in NR1H4, NR1I2, SLCO1B1, and ABCG2 on the  
Pharmacokinetics of Rosuvastatin in Healthy Chinese Volunteers. J 
Cardiovasc Pharmacol 68: 383–390, 2016. PMID: 27557342. DOI: 
10.1097/FJC.0000000000000426. 

745 Lee E, Ryan S, Birmingham B, Zalikowski J, March R, Ambrose H, Moore 
R, Lee C, Chen Y and Schneck D: Rosuvastatin pharmacokinetics and 
pharmacogenetics in white and Asian subjects  residing in the same 
environment. Clin Pharmacol Ther 78: 330–341, 2005. PMID: 16198652. 
DOI: 10.1016/j.clpt.2005.06.013. 

746 Choi JH, Lee MG, Cho J-Y, Lee J-E, Kim KH and Park K: Influence of 
OATP1B1 genotype on the pharmacokinetics of rosuvastatin in Koreans. 
Clin Pharmacol Ther 83: 251–257, 2008. PMID: 17568401. DOI: 
10.1038/sj.clpt.6100267. 

747 Kim Y, Yoon S, Choi Y, Yoon SH, Cho J-Y, Jang I-J, Yu K-S and Chung J-
Y: Influence of OATP1B1 and BCRP polymorphisms on the 



284 
 

pharmacokinetics and  pharmacodynamics of rosuvastatin in elderly and 
young Korean subjects. Sci Rep 9: 19410, 2019. PMID: 31857620. DOI: 
10.1038/s41598-019-55562-4. 

748 Ho RH, Tirona RG, Leake BF, Glaeser H, Lee W, Lemke CJ, Wang Y and 
Kim RB: Drug and Bile Acid Transporters in Rosuvastatin Hepatic Uptake: 
Function, Expression, and Pharmacogenetics. Gastroenterology 130: 
1793–1806, 2006. PMID: 16697742. DOI: 
10.1053/J.GASTRO.2006.02.034. 

749 Zhao G, Liu M, Wu X, Li G, Qiu F, Gu J and Zhao L: Effect of 
polymorphisms in CYP3A4, PPARA, NR1I2, NFKB1, ABCG2 and 
SLCO1B1 on the  pharmacokinetics of lovastatin in healthy Chinese 
volunteers. Pharmacogenomics 18: 65–75, 2017. PMID: 27967318. DOI: 
10.2217/pgs.16.31. 

750 Tornio A, Vakkilainen J, Neuvonen M, Backman JT, Neuvonen PJ and 
Niemi M: SLCO1B1 polymorphism markedly affects the pharmacokinetics 
of lovastatin acid. Pharmacogenet Genomics 25: 382–387, 2015. PMID: 
26020121. DOI: 10.1097/FPC.0000000000000148. 

751 Hedman M, Antikainen M, Holmberg C, Neuvonen M, Eichelbaum M, 
Kivistö KT, Neuvonen PJ and Niemi M: Pharmacokinetics and response to 
pravastatin in paediatric patients with familial  hypercholesterolaemia and 
in paediatric cardiac transplant recipients in relation to polymorphisms of 
the SLCO1B1 and ABCB1 genes. Br J Clin Pharmacol 61: 706–715, 2006. 
PMID: 16722833. DOI: 10.1111/j.1365-2125.2006.02643.x. 

752 Birmingham BK, Bujac SR, Elsby R, Azumaya CT, Zalikowski J, Chen Y, 
Kim K and Ambrose HJ: Rosuvastatin pharmacokinetics and 
pharmacogenetics in Caucasian and Asian  subjects residing in the United 
States. Eur J Clin Pharmacol 71: 329–340, 2015. PMID: 25630984. DOI: 
10.1007/s00228-014-1800-0. 

753 Niemi M, Pasanen MK and Neuvonen PJ: SLCO1B1 polymorphism and 
sex affect the pharmacokinetics of pravastatin but not  fluvastatin. Clin 
Pharmacol Ther 80: 356–366, 2006. PMID: 17015053. DOI: 
10.1016/j.clpt.2006.06.010. 

754 Lu X-F, Zhou Y, Bi K-S and Chen X-H: Mixed effects of OATP1B1, BCRP 
and NTCP polymorphisms on the population  pharmacokinetics of 
pravastatin in healthy volunteers. Xenobiotica 46: 841–849, 2016. PMID: 
26744986. DOI: 10.3109/00498254.2015.1130881. 

755 Ide T, Sasaki T, Maeda K, Higuchi S, Sugiyama Y and Ieiri I: Quantitative 
population pharmacokinetic analysis of pravastatin using an  enterohepatic 
circulation model combined with pharmacogenomic Information on 
SLCO1B1 and ABCC2 polymorphisms. J Clin Pharmacol 49: 1309–1317, 
2009. PMID: 19776292. DOI: 10.1177/0091270009341960. 

756 Mwinyi J, Johne A, Bauer S, Roots I and Gerloff T: Evidence for inverse 
effects of OATP-C (SLC21A6) 5 and 1b haplotypes on  pravastatin kinetics. 
Clin Pharmacol Ther 75: 415–421, 2004. PMID: 15116054. DOI: 
10.1016/j.clpt.2003.12.016. 

757 Hermann M, Bogsrud MP, Molden E, Asberg A, Mohebi BU, Ose L and 



285 
 

Retterstøl K: Exposure of atorvastatin is unchanged but lactone and acid 
metabolites are  increased several-fold in patients with atorvastatin-
induced myopathy. Clin Pharmacol Ther 79: 532–539, 2006. PMID: 
16765141. DOI: 10.1016/j.clpt.2006.02.014. 

758 Bai X, Zhang B, Wang P, Wang G-L, Li J-L, Wen D-S, Long X-Z, Sun H-S, 
Liu Y-B, Huang M and Zhong S-L: Effects of SLCO1B1 and GATM gene 
variants on rosuvastatin-induced myopathy are  unrelated to high plasma 
exposure of rosuvastatin and its metabolites. Acta Pharmacol Sin 40: 492–
499, 2019. PMID: 29950617. DOI: 10.1038/s41401-018-0013-y. 

759 Teichholz LE: Statin-associated myopathy with normal creatine kinase 
levels. Ann Intern Med 138, 2003. PMID: 12809468. DOI: 10.7326/0003-
4819-138-12-200306170-00023. 

760 Howard JP, Wood FA and Francis DP: Side Effect Patterns in a Crossover 
Trial of Statin, Placebo, and No Treatment. J Am Coll Cardiol 78: 1210–
1222, 2021. PMID: 34531021. DOI: 10.1016/J.JACC.2021.07.022. 

761 Damkier P and Andersen MA: Temporary Like Achilles: Pre-emptive 
germline pharmacogenetic testing. Basic Clin Pharmacol Toxicol, 2023. 
PMID: 37337835. DOI: 10.1111/BCPT.13916. 

762 Swen JJ, van der Wouden CH and Rajasingam A: A 12-gene 
pharmacogenetic panel to prevent adverse drug reactions: an open-label, 
multicentre, controlled, cluster-randomised crossover implementation 
study. Lancet 401: 347–356, 2023. PMID: 36739136. DOI: 10.1016/S0140-
6736(22)01841-4. 

763 Bell ML, Kenward MG, Fairclough DL and Horton NJ: Differential dropout 
and bias in randomised controlled trials: when it matters and when it may 
not. BMJ 346, 2013. PMID: 23338004. DOI: 10.1136/BMJ.E8668. 

764 Kahan BC, Cro S, Doré CJ, Bratton DJ, Rehal S, Maskell NA, Rahman N 
and Jairath V: Reducing bias in open-label trials where blinded outcome 
assessment is not feasible: strategies from two randomised trials. Trials 15, 
2014. PMID: 25416527. DOI: 10.1186/1745-6215-15-456. 

765 Curtis D: The PREPARE study: benefits of pharmacogenetic testing are 
unclear. Lancet 401: 1850–1851, 2023. PMID: 37270235. DOI: 
10.1016/S0140-6736(23)00854-1. 

766 Medicines and Healthcare Products Regulatory Agency (MHRA): Trends in 
UK spontaneous Adverse Drug Reaction ( ADR ) reporting between 2008-
2012. London, 2014. 

767 Saedder EA, Brock B, Nielsen LP, Bonnerup DK and Lisby M: Identifying 
high-risk medication: A systematic literature review. Eur J Clin Pharmacol 
70: 637–645, 2014. PMID: 24671697. DOI: 10.1007/s00228-014-1668-z. 

768 Tyynismaa L, Honkala A, Airaksinen M, Shermock K and Lehtonen L: 
Identifying High-alert Medications in a University Hospital by Applying Data 
From the Medication Error Reporting System. J Patient Saf Publish Ah. 
PMID: 28574956. DOI: 10.1097/PTS.0000000000000388. 

769 Franke HA, Woods DM and Holl JL: High-alert medications in the pediatric 
intensive care unit. Pediatr Crit Care Med 10: 85–90, 2009. PMID: 



286 
 

19057440. DOI: 10.1097/PCC.0b013e3181936ff8. 

770 Institute for Safe Medication Practices (ISMP): High-Alert Medications in 
Acute Care Settings, 2018. 

771 NHS Specialist Pharmacy Service: Specimen High Risk Injectable 
Medicines List, 2017. 

772 Institute for Safe Medication Practices (ISMP): List of High-Alert 
Medications in Community/Ambulatory Healthcare, 2011. 

773 Institute for Safe Medication Practices (ISMP): High-Alert Medications in 
Long-Term Care (LTC) Settings, 2016. 

774 Federico F: Preventing harm from high-alert medications. Jt Comm J Qual 
Patient Saf 33: 537–542, 2007. PMID: 17915527. DOI: 10.1016/S1553-
7250(07)33057-2. 

775 Barry PJ, O’Keefe N, O’Connor KA and O’Mahony D: Inappropriate 
prescribing in the elderly: A comparison of the Beers criteria and the 
improved prescribing in the elderly tool (IPET) in acutely ill elderly 
hospitalized patients. J Clin Pharm Ther 31: 617–626, 2006. PMID: 
17176367. DOI: 10.1111/j.1365-2710.2006.00783.x. 

776 Hanlon JT, Schmader KE, Samsa GP, Weinberger M, Uttech KM, Lewis 
IK, Cohen HJ and Feussner JR: A method for assessing drug therapy 
appropriateness. J Clin Epidemiol 45: 1045–1051, 1992. PMID: 1474400. 
DOI: 10.1016/0895-4356(92)90144-C. 

777 Samsa GP, Hanlon JT, Schmader KE, Weinberger M, Clipp EC, Uttech 
KM, Lewis IK, Landsman PB and Cohen HJ: A summated score for the 
medication appropriateness index: development and assessment of 
clinimetric properties including content validity. J Clin Epidemiol 47: 891–
896, 1994. PMID: 7730892. DOI: 10.1016/0895-4356(94)90192-9. 

778 Gallagher P, Ryan C, Byrne S, Kennedy J and O’Mahony D: STOPP 
(Screening Tool of Older Person’s Prescriptions) and START (Screening 
Tool to Alert doctors to Right Treatment). Consensus validation. Int J Clin 
Pharmacol Ther 46: 72–83, 2008. PMID: 18218287. DOI: 
10.5414/CPP46072. 

779 Lavan AH and Gallagher P: Predicting risk of adverse drug reactions in 
older adults. Ther Adv drug Saf 7: 11–22, 2016. PMID: 26834959. DOI: 
10.1177/2042098615615472. 

780 Barry PJ, Gallagher P, Ryan C and O’mahony D: START (screening tool to 
alert doctors to the right treatment) - An evidence-based screening tool to 
detect prescribing omissions in elderly patients. Age Ageing 36: 632–638, 
2007. PMID: 17881418. DOI: 10.1093/ageing/afm118. 

781 Christensen M and Lundh A: Medication review in hospitalised patients to 
reduce morbidity and mortality. Cochrane Database Syst Rev 2016, 2016. 
PMID: 26895968. DOI: 10.1002/14651858.CD008986.pub3. 

782 Beers MH, Ouslander JG, Rollingher I, Reuben DB, Brooks J and Beck JC: 
Explicit Criteria for Determining Inappropriate Medication Use in Nursing 
Home Residents. Arch Intern Med 151: 1825–1832, 1991. PMID: 1888249. 
DOI: 10.1001/archinte.1991.00400090107019. 



287 
 

783 Samuel MJ: American Geriatrics Society 2015 Updated Beers Criteria for 
Potentially Inappropriate Medication Use in Older Adults. J Am Geriatr Soc 
63: 2227–2246, 2015. PMID: 26446832. DOI: 10.1111/jgs.13702. 

784 O’Connor MN, Gallagher P and Omahony D: Inappropriate prescribing: 
Criteria, detection and prevention. Drugs and Aging 29: 437–452, 2012. 
PMID: 22642779. DOI: 10.2165/11632610-000000000-00000. 

785 Marriott J and Stehlik P: A critical analysis of the methods used to develop 
explicit clinical criteria for use in older people. Age Ageing 41: 441–450, 
2012. PMID: 22711452. DOI: 10.1093/ageing/afs064. 

786 Hill-Taylor B, Sketris I, Hayden J, Byrne S, O’Sullivan D and Christie R: 
Application of the STOPP/START criteria: A systematic review of the 
prevalence of potentially inappropriate prescribing in older adults, and 
evidence of clinical, humanistic and economic impact. J Clin Pharm Ther 
38: 360–372, 2013. PMID: 23550814. DOI: 10.1111/jcpt.12059. 

787 Beardon PHG, McGilchrist MM, McKendrick AD, McDevitt DG and 
MacDonald TM: Primary non-compliance with prescribed medication in 
primary care. Br Med J 307: 846–848, 1993. PMID: 8401129. DOI: 
10.1136/bmj.307.6908.846. 

788 Gardner, T.L., S.M. Dovey, M.W. Tilyard  and EG: Differences between 
prescribed and dispensed medications. NZ Med J 109: 69–72, 1996. PMID: 
8606821. 

789 Food and Drug Administration: Guidance for Industry and Investigators: 
Safety Reporting Requirements for INDs and BA/BE Studies, 2012. 

790 European Medicines Agency: Guideline on good pharmacovigilance 
practices (GVP) Annex I - Definitions (Rev 4), 2017. 

791 World Health Organization: The importance of pharmacovigilance. World 
Health Organization, 2002. 

792 Genomics 101: Genomics in Healthcare - Genomics Education 
Programme. Available from: 
https://www.genomicseducation.hee.nhs.uk/education/online-
courses/genomics-101-genomics-in-healthcare/ [last accessed July 7, 
2023]. 

793 Buzdar AU, Robertson JFR, Eiermann W and Nabholtz JM: An overview of 
the pharmacology and pharmacokinetics of the newer generation 
aromatase inhibitors anastrozole, letrozole, and exemestane. Cancer 95: 
2006–2016, 2002. PMID: 12404296. DOI: 10.1002/CNCR.10908. 

794 Abe O, Abe R and Caffier H: Relevance of breast cancer hormone 
receptors and other factors to the efficacy of adjuvant tamoxifen: patient-
level meta-analysis of randomised trials. Lancet 378: 771–784, 2011. 
PMID: 21802721. DOI: 10.1016/S0140-6736(11)60993-8. 

795 Gray RG, Rea D and Lee M: Long-term effects of continuing adjuvant 
tamoxifen to 10 years versus stopping at 5 years in 6,953 women with early 
breast cancer. https://doi.org/101200/jco20133118_suppl5 31: 5–5, 2013. 
DOI: 10.1200/JCO.2013.31.18_SUPPL.5. 

796 Davies C, Pan H and Peto R: Long-term effects of continuing adjuvant 



288 
 

tamoxifen to 10 years versus stopping at 5 years after diagnosis of 
oestrogen receptor-positive breast cancer: ATLAS, a randomised trial. 
Lancet 381: 805–816, 2013. PMID: 23219286. DOI: 10.1016/S0140-
6736(12)61963-1. 

797 Dowsett M, Cuzick J and Peto R: Meta-Analysis of Breast Cancer 
Outcomes in Adjuvant Trials of Aromatase Inhibitors Versus Tamoxifen. J 
Clin Oncol 28: 509–518, 2009. DOI: 10.1200/JCO.2009.23.1274. 

798 Burstein HJ, Prestrud AA and Griggs JJ: American Society of Clinical 
Oncology clinical practice guideline: update on adjuvant endocrine therapy 
for women with hormone receptor-positive breast cancer. J Clin Oncol 28: 
3784–3796, 2010. PMID: 20625130. DOI: 10.1200/JCO.2009.26.3756. 

799 FDA Approved Drug Products: Femara Letrozole Oral Tablets. Available 
from: 
https://www.accessdata.fda.gov/drugsatfda_docs/label/2018/020726s035l
bl.pdf [last accessed January 9, 2023]. 

800 FDA Approved Drug Products: Kisquali Femara Co-Pack Letrozole and 
Ribociclib Succinate Oral Tablets. Available from: 
https://www.accessdata.fda.gov/drugsatfda_docs/label/2020/209935s006l
bl.pdf [last accessed January 9, 2023]. 

801 EMA Approved Drugs: Anastrozole., 2010. Available from: 
https://www.ema.europa.eu/en/documents/referral/arimidex-article-30-
referral-annex-iii_en.pdf [last accessed January 9, 2023]. 

802 FDA Approved Drug Products: AROMASIN® (exemestane) Tablets., 2011. 
Available from: 
https://www.accessdata.fda.gov/drugsatfda_docs/label/2018/020753s020l
bl.pdf [last accessed January 9, 2023]. 

803 Bradley R, Burrett J and Wood W: Aromatase inhibitors versus tamoxifen 
in early breast cancer: patient-level meta-analysis of the randomised trials. 
Lancet (London, England) 386: 1341–1352, 2015. PMID: 26211827. DOI: 
10.1016/S0140-6736(15)61074-1. 

804 Henry NL, Azzouz F, Desta Z, Li L, Nguyen AT, Lemler S, Hayden J, 
Tarpinian K, Yakim E, Flockhart DA, Stearns V, Hayes DF and Storniolo 
AM: Predictors of Aromatase Inhibitor Discontinuation as a Result of 
Treatment-Emergent Symptoms in Early-Stage Breast Cancer. J Clin 
Oncol 30: 936, 2012. PMID: 22331951. DOI: 10.1200/JCO.2011.38.0261. 

805 Hadji P: Improving compliance and persistence to adjuvant tamoxifen and 
aromatase inhibitor therapy. Crit Rev Oncol Hematol 73: 156–166, 2010. 
PMID: 19299162. DOI: 10.1016/J.CRITREVONC.2009.02.001. 

806 Murphy CC, Bartholomew LK, Carpentier MY, Bluethmann SM and Vernon 
SW: Adherence to adjuvant hormonal therapy among breast cancer 
survivors in clinical practice: A systematic review. Breast Cancer Res Treat 
134: 459–478, 2012. PMID: 22689091. DOI: 10.1007/S10549-012-2114-
5/TABLES/3. 

807 Mokbel K and Mokbel K: The Role of Community Pharmacists in 
Addressing Medication-related Issues for  Breast Cancer Patients 
Receiving Adjuvant Endocrine Therapy. Anticancer Res 42: 661–666, 



289 
 

2022. PMID: 35093864. DOI: 10.21873/anticanres.15524. 

808 Wishart GC, Azzato EM, Greenberg DC, Rashbass J, Kearins O, Lawrence 
G, Caldas C and Pharoah PDP: PREDICT: a new UK prognostic model 
that predicts survival following surgery for invasive breast cancer. Breast 
Cancer Res 12, 2010. PMID: 20053270. DOI: 10.1186/BCR2464. 

809 Harris LN, Ismaila N and Hayes DF: Use of Biomarkers to Guide Decisions 
on Adjuvant Systemic Therapy for Women With Early-Stage Invasive 
Breast Cancer: American Society of Clinical Oncology Clinical Practice 
Guideline. J Clin Oncol 34: 1134–1150, 2016. PMID: 26858339. DOI: 
10.1200/JCO.2015.65.2289. 

810 Burstein HJ, Prestrud AA and Griggs JJ: American Society of Clinical 
Oncology Clinical Practice Guideline: Update on Adjuvant Endocrine 
Therapy for Women With Hormone Receptor–Positive Breast Cancer. J 
Clin Oncol 28: 3784, 2010. PMID: 20625130. DOI: 
10.1200/JCO.2009.26.3756. 

811 Haynes R: Clinical epidemiology: how to do clinical practice research, 
2012. 

812 Little J, Higgins JPT, Ioannidis JPA and Birkett N: STrengthening the 
REporting of Genetic Association Studies (STREGA)—an extension of the 
STROBE statement. Genet Epidemiol 33: 581–598, 2009. PMID: 
19278015. DOI: 10.1002/GEPI.20410. 

813 Campbell M, Katikireddi SV, Sowden A, McKenzie JE and Thomson H: 
Improving Conduct and Reporting of Narrative Synthesis of Quantitative 
Data (ICONS-Quant): protocol for a mixed methods study to develop a 
reporting guideline. BMJ Open 8: e020064, 2018. DOI: 
10.1136/BMJOPEN-2017-020064. 

814 Duggan C, Marriott K, Edwards R and Cuzick J: Inherited and acquired risk 
factors for venous thromboembolic disease among women taking 
tamoxifen to prevent breast cancer. J Clin Oncol 21: 3588–3593, 2003. 
PMID: 14512389. DOI: 10.1200/JCO.2003.10.111. 

815 Ohnishi T, Ogawa Y, Saibara T, Nishioka A, Kariya S, Fukumoto M, Onishi 
S and Yoshida S: CYP17 polymorphism and tamoxifen-induced hepatic 
steatosis. Hepatol Res 33: 178–180, 2005. DOI: 
10.1016/J.HEPRES.2005.09.030. 

816 Goetz MP, Rae JM, Suman VJ, Safgren SL, Ames MM, Visscher DW, 
Reynolds C, Couch FJ, Lingle WL, Flockhart DA, Desta Z, Perez EA and 
Ingle JN: Pharmacogenetics of tamoxifen biotransformation is associated 
with clinical outcomes of efficacy and hot flashes. J Clin Oncol 23: 9312–
9318, 2005. PMID: 16361630. DOI: 10.1200/JCO.2005.03.3266. 

817 Tucker AN, Tkaczuk KA, Lewis LM, Tomic D, Lim CK and Flaws JA: 
Polymorphisms in cytochrome P4503A5 (CYP3A5) may be associated with 
race and tumor characteristics, but not metabolism and side effects of 
tamoxifen in breast cancer patients. Cancer Lett 217: 61–72, 2005. 

818 Georgopoulos N, Adonakis G, Fotopoulos A, Koika V, Spinos N, 
Saltamavros A, Keramopoulos A, Koukouras D, Decavalas G and 
Kourounis G: Estrogen receptor polymorphisms in tamoxifen-treated 



290 
 

women with breast cancer. Gynecol Endocrinol 22: 185–189, 2006. PMID: 
16723304. DOI: 10.1080/09513590600645767. 

819 Abramson N, Costantino JP, Garber JE, Berliner N, Wickerham DL and 
Wolmark N: Effect of Factor V Leiden and Prothrombin G20210→A 
Mutations on Thromboembolic Risk in the National Surgical Adjuvant 
Breast and Bowel Project Breast Cancer Prevention Trial. JNCI J Natl 
Cancer Inst 98: 904–910, 2006. PMID: 16818854. DOI: 
10.1093/JNCI/DJJ262. 

820 Bonanni B, Macis D, Maisonneuve P, Johansson HA, Gucciardo G, Oliviero 
P, Travaglini R, Muraca MG, Rotmensz N, Veronesi U and Decensi AU: 
Polymorphism in the CYP2D6 tamoxifen-metabolizing gene influences 
clinical effect but not hot flashes: Data from the Italian tamoxifen trial [1]. J 
Clin Oncol 24: 3708–3709, 2006. PMID: 16877740. DOI: 
10.1200/JCO.2006.06.8072. 

821 Chu W, Fyles A, Sellers EM, Mccready DR, Murphy J, Pal T and Narod SA: 
Association between CYP3A4 genotype and risk of endometrial cancer 
following tamoxifen use. Carcinogenesis 28: 2139–2142, 2007. PMID: 
17434921. DOI: 10.1093/CARCIN/BGM087. 

822 Ntukidem NI, Nguyen AT, Stearns V, Rehman M, Schott A, Skaar T, Jin Y, 
Blanche P, Li L, Lemler S, Hayden J, Krauss RM, Desta Z, Flockhart DA 
and Hayes DF: Estrogen Receptor Genotypes, Menopausal Status, and 
the Lipid Effects of Tamoxifen. Clin Pharmacol Ther 83: 702–710, 2008. 
PMID: 17713466. DOI: 10.1038/SJ.CLPT.6100343. 

823 Jin Y, Hayes DF, Li L, Robarge JD, Skaar TC, Philips S, Nguyen A, Schott 
A, Hayden J, Lemler S, Storniolo AM, Flockhart DA and Stearns V: 
Estrogen Receptor Genotypes Influence Hot Flash Prevalence and 
Composite Score Before and After Tamoxifen Therapy. J Clin Oncol 26: 
5849, 2008. PMID: 19018086. DOI: 10.1200/JCO.2008.16.8377. 

824 Colomer R, Monzo M and Alba E: A Single-Nucleotide Polymorphism in the 
Aromatase Gene Is Associated with the Efficacy of the Aromatase Inhibitor 
Letrozole in Advanced Breast Carcinoma. Clin Cancer Res 14: 811–816, 
2008. PMID: 18245543. DOI: 10.1158/1078-0432.CCR-07-1923. 

825 Onitilo AA, McCarty CA, Wilke RA, Glurich I, Engel JM, Flockhart DA, 
Nguyen A, Li L, Mi D, Skaar TC and Jin Y: Estrogen receptor genotype is 
associated with risk of venous thromboembolism during tamoxifen therapy. 
Breast Cancer Res Treat 115: 643–650, 2009. PMID: 19082882. DOI: 
10.1007/S10549-008-0264-2. 

826 Okishiro M, Taguchi T, Kim SJ, Shimazu K, Tamaki Y and Noguchi S: 
Genetic polymorphisms of CYP2D6*10 and CYP2C19*2,*3 are not 
associated with prognosis, endometrial thickness, or bone mineral density 
in Japanese breast cancer patients treated with adjuvant tamoxifen. 
Cancer 115: 952–961, 2009. PMID: 19156902. DOI: 
10.1002/CNCR.24111. 

827 Lynn Henry N, Rae JM, Li L, Azzouz F, Skaar TC, Desta Z, Sikora MJ, 
Philips S, Nguyen AT, Storniolo AM, Hayes DF, Flockhart DA and Stearns 
V: Association between CYP2D6 genotype and tamoxifen-induced hot 
flashes in a prospective cohort. Breast Cancer Res Treat 117: 571–575, 



291 
 

2009. PMID: 19153830. DOI: 10.1007/s10549-009-0309-1. 

828 Henry NL, Nguyen A, Azzouz F, Li L, Robarge J, Philips S, Cao D, Skaar 
TC, Rae JM, Storniolo AM, Flockhart DA, Hayes DF and Stearns V: Lack 
of association between oestrogen receptor polymorphisms and change in 
bone mineral density with tamoxifen therapy. Br J Cancer 102: 294, 2010. 
PMID: 19953095. DOI: 10.1038/SJ.BJC.6605460. 

829 Garber JE, Halabi S and Berliner N: Factor V Leiden Mutation and 
Thromboembolism Risk in Women Receiving Adjuvant Tamoxifen for 
Breast Cancer. JNCI J Natl Cancer Inst 102: 942, 2010. PMID: 20554945. 
DOI: 10.1093/JNCI/DJQ211. 

830 Ingle JN, Schaid DJ and Weinshilboum RM: Genome-wide associations 
and functional genomic studies of musculoskeletal adverse events in 
women receiving aromatase inhibitors. J Clin Oncol 28: 4674–4682, 2010. 
DOI: https://dx.doi.org/10.1200/JCO.2010.28.5064. 

831 Ramón Y Cajal T, Altés A, Paré L, Del Rio E, Alonso C, Barnadas A and 
Baiget M: Impact of CYP2D6 polymorphisms in tamoxifen adjuvant breast 
cancer treatment. Breast Cancer Res Treat 119: 33–38, 2010. DOI: 
http://dx.doi.org/10.1007/s10549-009-0328-y. 

832 Irvin WJ, Walko CM and Carey LA: Genotype-Guided Tamoxifen Dosing 
Increases Active Metabolite Exposure in Women With Reduced CYP2D6 
Metabolism: A Multicenter Study. J Clin Oncol 29: 3232, 2011. PMID: 
21768473. DOI: 10.1200/JCO.2010.31.4427. 

833 Park IH, Lee Y-SS, Lee KS, Kim SY, Hong S-HH, Jeong J, Lee H, Ro J and 
Nam B-HH: Single nucleotide polymorphisms of CYP19A1 predict clinical 
outcomes and adverse events associated with letrozole in patients with 
metastatic breast cancer. Cancer Chemother Pharmacol 68: 1263–1271, 
2011. PMID: 21442439. DOI: 10.1007/S00280-011-1615-Y/FIGURES/2. 

834 Mao JJ, Su HI, Feng R, Donelson ML, Aplenc R, Rebbeck TR, Stanczyk F 
and DeMichele A: Association of functional polymorphisms in CYP19A1 
with aromatase inhibitor associated arthralgia in breast cancer survivors. 
Breast Cancer Res 13: R8, 2011. PMID: 21251330. DOI: 
10.1186/BCR2813. 

835 Damodaran SE, Pradhan SC, Umamaheswaran G, Kadambari D, Reddy 
KS and Adithan C: Genetic polymorphisms of CYP2D6 increase the risk for 
recurrence of breast cancer in patients receiving tamoxifen as an adjuvant 
therapy. Cancer Chemother Pharmacol 70: 75–81, 2012. PMID: 22623212. 
DOI: 10.1007/S00280-012-1891-1/FIGURES/2. 

836 Lorizio W, Wu AHB, Beattie MS, Rugo H, Tchu S, Kerlikowske K and Ziv 
E: Clinical and biomarker predictors of side effects from tamoxifen. Breast 
Cancer Res Treat 132: 1107–1118, 2012. PMID: 22207277. DOI: 
10.1007/S10549-011-1893-4/TABLES/5. 

837 Sestak I, Kealy R, Nikoloff M, Fontecha M, Forbes JF, Howell A and Cuzick 
J: Relationships between CYP2D6 phenotype, breast cancer and hot 
flushes in women at high risk of breast cancer receiving prophylactic 
tamoxifen: results from the IBIS-I trial. Br J Cancer 107: 230, 2012. PMID: 
22735900. DOI: 10.1038/BJC.2012.278. 



292 
 

838 Kiyotani K, Mushiroda T, Imamura CK, Tanigawara Y, Hosono N, Kubo M, 
Sasa M, Nakamura Y and Zembutsu H: Dose-adjustment study of 
tamoxifen based on CYP2D6 genotypes in Japanese breast cancer 
patients. Breast Cancer Res Treat 131: 137–145, 2012. PMID: 21947681. 
DOI: http://dx.doi.org/10.1007/s10549-011-1777-7. 

839 Regan MM, Leyland-Jones B and Viale G: CYP2D6 Genotype and 
Tamoxifen Response in Postmenopausal Women with Endocrine-
Responsive Breast Cancer: The Breast International Group 1-98 Trial. 
JNCI J Natl Cancer Inst 104: 441, 2012. PMID: 22395644. DOI: 
10.1093/JNCI/DJS125. 

840 Hartmaier RJ, Richter AS and Oesterreich S: A SNP in Steroid Receptor 
Coactivator-1 Disrupts a GSK3β Phosphorylation Site and Is Associated 
with Altered Tamoxifen Response in Bone. Mol Endocrinol 26: 220, 2012. 
PMID: 22174377. DOI: 10.1210/ME.2011-1032. 

841 Koukouras D, Marioli DJ, Papadopoulos K, Adonakis GL, Armeni AK, 
Georgopoulos NA and Decavalas G: Association of estrogen receptor 
alpha (ERα) gene polymorphisms with endometrial thickness and lipid 
profile in women with breast cancer treated with aromatase inhibitors. 
Gynecol Endocrinol 28: 859–862, 2012. PMID: 22799738. DOI: 
https://dx.doi.org/10.3109/09513590.2012.671393. 

842 Rolla R, Vidali M, Meola S, Pollarolo P, Fanello MR, Nicolotti C, Saggia C, 
Forti L, Agostino FD, Rossi V, Borra G, Stratica F, Alabiso O and Bellomo 
G: Side effects associated with ultrarapid cytochrome P450 2D6 genotype 
among women with early stage breast cancer treated with tamoxifen. Clin 
Lab 58: 1211–1218, 2012. DOI: 
http://dx.doi.org/10.7754/Clin.Lab.2012.120114. 

843 Ruddy KJ, Desantis SD, Gelman RS, Wu AHB, Punglia RS, Mayer EL, 
Tolaney SM, Winer EP, Partridge AH and Burstein HJ: Personalized 
medicine in breast cancer: Tamoxifen, endoxifen, and CYP2D6 in clinical 
practice. Breast Cancer Res Treat 141: 421–427, 2013. PMID: 24062210. 
DOI: 10.1007/S10549-013-2700-1/FIGURES/2. 

844 Napoli N, Rastelli A, Ma C, Yarramaneni J, Vattikutti S, Moskowitz G, Giri 
T, Mueller C, Kulkarny V, Qualls C, Ellis M and Armamento-Villareal R: 
Genetic Polymorphism at Val80 (rs700518) of the CYP19A1 Gene is 
Associated with Aromatase Inhibitor Associated Bone Loss in Women with 
ER (+) Breast Cancer. Bone 55: 309–314, 2013. PMID: 23643682. DOI: 
10.1016/J.BONE.2013.04.021. 

845 Liu L, Bai Y-X and Zhang Q-Y: A Polymorphism at the 3’-UTR Region of 
the Aromatase Gene Is Associated with the Efficacy of the Aromatase 
Inhibitor, Anastrozole, in Metastatic Breast Carcinoma. Multidisciplinary 
Digital Publishing Institute, 2013. 

846 Garcia-Giralt N, Rodríguez-Sanz M, Prieto-Alhambra D, Servitja S, Torres-
Del Pliego E, Balcells S, Albanell J, Grinberg D, Diez-Perez A, Tusquets I 
and Nogués X: Genetic determinants of aromatase inhibitor-related 
arthralgia: The B-ABLE cohort study. Breast Cancer Res Treat 140: 385–
395, 2013. PMID: 23868189. DOI: 10.1007/S10549-013-2638-
3/TABLES/4. 



293 
 

847 Weng L, Ziliak D, Im HK, Gamazon ER, Philips S, Nguyen AT, Desta Z, 
Skaar TC, Flockhart DA and Huang RS: Genome-wide discovery of genetic 
variants affecting tamoxifen sensitivity and their clinical and functional 
validation. Ann Oncol 24: 1867–1873, 2013. DOI: 
http://dx.doi.org/10.1093/annonc/mdt125. 

848 Wang J, Lu K, Song Y, Xie L, Zhao S, Wang Y, Sun W, Liu L, Zhao H, Tang 
D, Ma W, Pan B, Xuan Q, Liu H and Zhang Q: Indications of clinical and 
genetic predictors for aromatase inhibitors related musculoskeletal adverse 
events in Chinese Han women with breast cancer. PLoS One 8: e68798, 
2013. DOI: https://dx.doi.org/10.1371/journal.pone.0068798. 

849 Jager NGL, Koornstra RHT, Vincent AD, van Schaik RHN, Huitema ADR, 
Korse TM, Schellens JHM, Linn SC and Beijnen JH: Hot flashes are not 
predictive for serum concentrations of tamoxifen and its metabolites. BMC 
Cancer 13: 612, 2013. DOI: https://dx.doi.org/10.1186/1471-2407-13-612. 

850 Günald M, Erkisi M, Afşar ÇU, Erçolak V, Paydas S, Kara IO, Şahin B, 
Gulec UK and Secilmis A: Evaluation of endometrial thickness and bone 
mineral density based on CYP2D6 polymorphisms in Turkish breast cancer 
patients receiving tamoxifen treatment. Pharmacology 94: 183–189, 2014. 
PMID: 25378122. DOI: http://dx.doi.org/10.1159/000363304. 

851 Liu M, Goss PE, Ingle JN, Kubo M, Furukawa Y, Batzler A, Jenkins GD, 
Carlson EE, Nakamura Y, Schaid DJ, Chapman J-AWAW, Shepherd LE, 
Ellis MJ, Khosla S, Wang L and Weinshilboum RM: Aromatase inhibitor-
associated bone fractures: a case-cohort GWAS and functional genomics. 
Mol Endocrinol 28: 1740–1751, 2014. PMID: 25148458. DOI: 
https://dx.doi.org/10.1210/me.2014-1147. 

852 Fontein DBY, Houtsma D, Nortier JWR, Baak-Pablo RF, Kranenbarg EM-
K, van der Straaten TRJHM, Putter H, Seynaeve C, Gelderblom H, van de 
Velde CJH and Guchelaar H-J: Germline variants in the CYP19A1 gene 
are related to specific adverse events in aromatase inhibitor users: a 
substudy of Dutch patients in the TEAM trial. Breast Cancer Res Treat 144: 
599–606, 2014. DOI: https://dx.doi.org/10.1007/s10549-014-2873-2. 

853 Dieudonné AS, Lambrechts D, Smeets D, Belmans A, Wildiers H, 
Paridaens R, Hyonil C, Timmerman D, Christiaens MR, Vergote I and 
Neven P: The rs1800716 variant in CYP2D6 is associated with an 
increased double endometrial thickness in postmenopausal women on 
tamoxifen. Ann Oncol  Off J Eur Soc Med Oncol 25: 90–95, 2014. PMID: 
24265353. DOI: 10.1093/ANNONC/MDT399. 

854 Baxter SD, Teft WA, Choi YH, Winquist E and Kim RB: Tamoxifen-
associated hot flash severity is inversely correlated with endoxifen 
concentration and CYP3A422. Breast Cancer Res Treat 145: 419–428, 
2014. DOI: http://dx.doi.org/10.1007/s10549-014-2963-1. 

855 Kovac M, Kovac Z, Tomasevic Z, Vucicevic S, Djordjevic V, Pruner I and 
Radojkovic D: Factor V Leiden mutation and high FVIII are associated with 
an increased risk of VTE in women with breast cancer during adjuvant 
tamoxifen — Results from a prospective, single center, case control study. 
Eur J Intern Med 26: 63–67, 2015. PMID: 25592075. DOI: 
10.1016/J.EJIM.2014.12.015. 



294 
 

856 Servitja S, Martos T, Garrigos L, Rodriguez Sanz M, Garcia Giralt N, Prieto 
Alhambra D, Nogues X and Tusquets I: Skeletal adverse effects with 
aromatase inhibitors in early breast cancer: evidence to date and clinical 
guidance. Ther Adv Med Oncol 7: 291, 2015. PMID: 26327926. DOI: 
10.1177/1758834015598536. 

857 Oesterreich S, Henry NL and Flockhart DA: Associations between genetic 
variants and the effect of letrozole and exemestane on bone mass and 
bone turnover. Breast Cancer Res Treat 154: 263–273, 2015. PMID: 
26536870. DOI: 10.1007/S10549-015-3608-8. 

858 Rodríguez-Sanz M, García-Giralt N, Prieto-Alhambra D, Servitja S, Balcells 
S, Pecorelli R, Díez-Pérez A, Grinberg D, Tusquets I and Nogues X: 
CYP11A1 expression in bone is associated with aromatase inhibitor-
related bone loss. J Mol Endocrinol 55: 69–79, 2015. PMID: 26108486. 
DOI: http://dx.doi.org/10.1530/JME-15-0079. 

859 Wang J, Lu K, Song Y, Zhao S, Ma W, Xuan Q, Tang D, Zhao H, Liu L and 
Zhang Q: RANKL and OPG Polymorphisms Are Associated with 
Aromatase Inhibitor-Related Musculoskeletal Adverse Events in Chinese 
Han Breast Cancer Patients. PLoS One 10: e0133964, 2015. PMID: 
26218592. DOI: https://dx.doi.org/10.1371/journal.pone.0133964. 

860 Napoli N, Rastelli A, Ma C, Colleluori G, Vattikuti S and Armamento-
Villareal R: Genetic Polymorphism at Val80 (rs700518) of the CYP19A1 
Gene is Associated with Body Composition Changes in Women on 
Aromatase Inhibitors for ER (+) Breast Cancer. Pharmacogenet Genomics 
25: 377, 2015. PMID: 26049585. DOI: 10.1097/FPC.0000000000000146. 

861 Lintermans A, Van Asten K, Jongen L, Van Brussel T, Laenen A, 
Verhaeghe J, Vanderschueren D, Lambrechts D and Neven P: Genetic 
variant in the osteoprotegerin gene is associated with aromatase inhibitor-
related musculoskeletal toxicity in breast cancer patients. Eur J Cancer 56: 
31–36, 2016. PMID: 26798969. DOI: 10.1016/J.EJCA.2015.12.013. 

862 Santa-Maria CA, Blackford A and Stearns V: Association of Variants in 
Candidate Genes with Lipid Profiles in Women with Early Breast Cancer 
on Adjuvant Aromatase Inhibitor Therapy. Clin Cancer Res 22: 1395–1402, 
2016. PMID: 26463708. DOI: 10.1158/1078-0432.CCR-15-1213. 

863 Hertz DL, Deal A and Irvin WJ: Tamoxifen Dose Escalation in Patients With 
Diminished CYP2D6 Activity Normalizes Endoxifen Concentrations 
Without Increasing Toxicity. Oncologist 21: 795–803, 2016. PMID: 
27226358. DOI: 10.1634/THEONCOLOGIST.2015-0480/-/DC1. 

864 Fox P, Balleine RL, Lee C, Gao B, Balakrishnar B, Menzies AM, Yeap SH, 
Ali SS, Gebski V, Provan P, Coulter S, Liddle C, Hui R, Kefford R, Lynch J, 
Wong M, Wilcken N and Gurney H: Dose escalation of tamoxifen in patients 
with low endoxifen level: Evidence for therapeutic drug monitoring - The 
TADE study. Clin Cancer Res 22: 3164–3171, 2016. DOI: 
https://dx.doi.org/10.1158/1078-0432.CCR-15-1470. 

865 Mazzuca F, Botticelli A, Mazzotti E, La Torre M, Borro M, Marchetti L, 
Maddalena C, Gentile G, Simmaco M and Marchetti P: CYP19A1 Genetic 
Polymorphisms rs4646 and Osteoporosis in Patients Treated with 
Aromatase Inhibitor-Based Adjuvant Therapy. Eurasian J Med 48: 10–14, 



295 
 

2016. DOI: https://dx.doi.org/10.5152/eurasianjmed.2015.008. 

866 Knight B: The Association between the UGT2B17 Gene Deletion and 
Menopause-Related Quality of Life in Postmenopausal Women in the 
CCTG MAP.3 Breast Cancer Chemoprevention Trial., 2017. 

867 Al-Mamun MA: Effect of SULT1A1, UGT2B7, CYP3A5 and CYP2D6 
polymorphisms on tamoxifen response in breast cancer patients of 
Bangladesh., 2017. 

868 Zembutsu H, Nakamura S and Nakamura Y: Significant Effect of 
Polymorphisms in CYP2D6 on Response to Tamoxifen Therapy for Breast 
Cancer: A Prospective Multicenter Study. Clin Cancer Res 23: 2019–2026, 
2017. PMID: 27797974. DOI: 10.1158/1078-0432.CCR-16-1779. 

869 Gervasini G, Jara C, Olier C, Romero N, Martinez R and Carrillo JA: 
Polymorphisms in ABCB1 and CYP19A1 genes affect anastrozole plasma 
concentrations and clinical outcomes in postmenopausal breast cancer 
patients. Br J Clin Pharmacol 83: 562–571, 2017. DOI: 
https://dx.doi.org/10.1111/bcp.13130. 

870 Argalacsova S, Slanar O, Bakhouche H and Pertuzelka L: Impact of ABCB1 
and CYP2D6 polymorphisms on tamoxifen treatment outcomes and 
adverse events in breast cancer patients. J BUON 22: 1217–1226, 2017. 

871 Pineda-Moncusí M, Rodríguez-Sanz M, Díez-Pérez A, Aymar P, Martos T, 
Servitja S, Tusquets I, García-Giralt N and Nogués X: Genetic analysis of 
steroid pathway enzymes associated with adverse musculoskeletal effects 
of aromatase inhibitors. Rev Osteoporos y Metab Miner 9: 72–81, 2017. 
DOI: http://dx.doi.org/10.4321/S1889-836X2017000200004. 

872 Wickramage I, Tennekoon KH, Ariyaratne MAY, Hewage AS and 
Sundralingam T: CYP2D6 polymorphisms may predict occurrence of 
adverse effects to tamoxifen: A preliminary retrospective study. Breast 
Cancer Targets Ther 9: 111–120, 2017. DOI: 
http://dx.doi.org/10.2147/BCTT.S126557. 

873 Borrie AE, Rose R V. and Kim RB: Letrozole concentration is associated 
with CYP2A6 variation but not with arthralgia in patients with breast cancer. 
Breast Cancer Res Treat 172: 371–379, 2018. PMID: 30094551. DOI: 
10.1007/S10549-018-4910-Z/FIGURES/4. 

874 Bai S: Influence of the UGT2B17 Gene on the Relationship Between 
Exemestane and Bone Mineral Density in Postmenopausal Women., 2018. 

875 Niravath P, Chen B and Ingle JN: Vitamin D Levels, Vitamin D Receptor 
Polymorphisms, and Inflammatory Cytokines in Aromatase Inhibitor-
Induced Arthralgias: An Analysis of CCTG MA.27. Clin Breast Cancer 18: 
78–87, 2018. PMID: 29128193. DOI: 10.1016/J.CLBC.2017.10.009. 

876 Jansen LE, Teft WA, Rose R V, Lizotte DJ and Kim RB: CYP2D6 genotype 
and endoxifen plasma concentration do not predict hot flash severity during 
tamoxifen therapy. Breast Cancer Res Treat 171: 701–708, 2018. DOI: 
https://dx.doi.org/10.1007/s10549-018-4876-x. 

877 Dempsey JM, Xi J, Henry NL, Rae JM and Hertz DL: Attempted replication 
of SNPs in RANKL and OPG with musculoskeletal adverse events during 



296 
 

aromatase inhibitor treatment for breast cancer. Physiol Genomics 50: 98–
99, 2018. DOI: https://dx.doi.org/10.1152/physiolgenomics.00085.2017. 

878 Basmadjian R: UGT2B17, exemestane metabolism, and their association 
with physical health-related quality of life in Caucasian postmenopausal 
women participating in the Mammary Prevention.3 Trial., 2019. 

879 Rangel-Méndez JA, Rubi-Castellanos R, Sánchez-Cruz JF and Moo-Puc 
RE: Tamoxifen side effects: pharmacogenetic and clinical approach in 
Mexican mestizos. Transl Cancer Res 8: 23, 2019. PMID: 35116730. DOI: 
10.21037/TCR.2018.12.27. 

880 Abubakar MB, Lin Tan H, Murali Krishna Bhavaraju V and Hua Gan S: 
Impact of CYP3A4 and CYP3A5 single nucleotide polymorphisms on 
anastrozole-associated adverse events among Malaysian breast cancer 
patients. AsPac J Mol Biol Biotechnol 27: 33–42, 2019. 

881 Kamdem LK, Xi J, Clark BL, Gregory BJ, Kidwell KM, Storniolo AM, Stearns 
V, Hayes DF, Gersch CL, Rae JM, Henry NL and Hertz DL: Exemestane 
may be less detrimental than letrozole to bone health in women 
homozygous for the UGT2B17*2 gene deletion. Breast Cancer Res Treat 
175: 297–303, 2019. PMID: 30747308. DOI: 10.1007/S10549-019-05158-
3/FIGURES/3. 

882 He W, Grassmann F, Eriksson M, Eliasson E, Margolin S, Thorén L, Hall P 
and Czene K: CYP2D6 Genotype Predicts Tamoxifen Discontinuation and 
Prognosis in Patients With Breast Cancer. J Clin Oncol 38: 548, 2020. 
PMID: 31800347. DOI: 10.1200/JCO.19.01535. 

883 Ho V, Pasquet R, Luo S, Chen G, Goss P, Tu D, Lazarus P and Richardson 
H: Variation in the UGT2B17 genotype, exemestane metabolism and 
menopause-related toxicities in the CCTG MAP.3 trial. Breast Cancer Res 
Treat 183: 705, 2020. PMID: 32715442. DOI: 10.1007/S10549-020-05812-
1. 

884 Umamaheswaran G, Kadambari D, Muthuvel SK, Kalaivani S, Devi J, 
Damodaran SE, Pradhan SC, Dubashi B, Dkhar SA and Adithan C: 
Association of CYP19A1 gene variations with adjuvant letrozole-induced 
adverse events in South Indian postmenopausal breast cancer cohort 
expressing hormone-receptor positivity. Breast Cancer Res Treat 182: 
147–158, 2020. PMID: 32385792. DOI: 10.1007/s10549-020-05656-9. 

885 Romero SAD, Su HI, Satagopan J, Li QS, Seluzicki CM, Dries A, 
DeMichele AM and Mao JJ: Clinical and genetic risk factors for aromatase 
inhibitor-associated arthralgia in breast cancer survivors. Breast 49: 48–54, 
2020. DOI: http://dx.doi.org/10.1016/j.breast.2019.10.008. 

886 Baatjes K, Peeters A, McCaul M, Conradie MM, Apffelstaedt J, Conradie 
MM and Kotze MJ: Cyp19a1 rs10046 pharmacogenetics in 
postmenopausal breast cancer patients treated with aromatase inhibitors: 
One-year follow-up. Curr Pharm Des 26: 6007–6012, 2020. DOI: 
https://dx.doi.org/10.2174/1381612826666200908141858. 

887 Bojanic K, Kuna L, Curcic IB, Wagner J, Smolic R, Kralik K, Kizivat T, 
Ivanac G, Vcev A, Wu GY and Smolic M: Representation of CYP3A4, 
CYP3A5 and UGT1A4 polymorphisms within croatian breast cancer 



297 
 

patients’ population. Int J Environ Res Public Health 17: 3692, 2020. DOI: 
http://dx.doi.org/10.3390/ijerph17103692. 

888 Borrie AE, Rose FA and Kim RB: Genetic and clinical predictors of 
arthralgia during letrozole or anastrozole therapy in breast cancer patients. 
Breast Cancer Res Treat 183: 365–372, 2020. DOI: 
http://dx.doi.org/10.1007/s10549-020-05777-1. 

889 Tamura K, Imamura CK and Tanigawara Y: CYP2D6 Genotype-Guided 
Tamoxifen Dosing in Hormone Receptor-Positive Metastatic Breast Cancer 
(TARGET-1): A Randomized, Open-Label, Phase 2 Study. SSRN Electron 
J, 2020. DOI: 10.2139/ssrn.3365080. 

890 Miranda C, Galleguillos M, Torres R, Tardón K, Cáceres DD, Lee K, Redal 
MA, Varela NM and Quiñones LA: Preliminary Pharmacogenomic-Based 
Predictive Models of Tamoxifen Response in Hormone-dependent Chilean 
Breast Cancer Patients. Front Pharmacol 12: 661443, 2021. DOI: 
https://dx.doi.org/10.3389/fphar.2021.661443. 

891 Hertz DL, Smith KL, Zong Y, Gersch CL, Pesch AM, Lehman J, Blackford 
AL, Henry NL, Kidwell KM, Rae JM and Stearns V: Further Evidence That 
OPG rs2073618 Is Associated With Increased Risk of Musculoskeletal 
Symptoms in Patients Receiving Aromatase Inhibitors for Early Breast 
Cancer. Front Genet 12: 662734, 2021. DOI: 
https://dx.doi.org/10.3389/fgene.2021.662734. 

892 Umamaheswaran G, Kadambari D, Muthuvel SK, Kumar NAN, Dubashi B, 
Aibor Dkhar S and Adithan C: Polymorphisms of T- cell leukemia 1A gene 
loci are not related to the development of adjuvant letrozole-induced 
adverse events in breast cancer. PLoS One 16: e0247989, 2021. DOI: 
https://dx.doi.org/10.1371/journal.pone.0247989. 

893 Hertz DL, Kidwell KM, Gersch CL, Storniolo AM, Stearns V, Skaar TC, 
Hayes DF, Henry NL and Rae JM: Genome-wide association study of 
aromatase inhibitor discontinuation due to musculoskeletal symptoms., 
2022. DOI: 10.21203/rs.3.rs-1315678/v1. 

894 Abed SN: Genetic Polymorphic Impact of Metabolizing Enzyme (CYP3A4 
and UGT1A4 genes) on Anastrazole Response in Iraqi Breast Cancer 
Women. Ann Clin Med Case Rep 8: 1–6, 2022. 

895 Zhou W, Jiang Y, Xu Y, Wang Y, Ma X, Zhou L, Lin Y, Wang Y, Wu Z, Li 
M, Yin W and Lu J: Comparison of adverse drug reactions between 
tamoxifen and toremifene in breast cancer patients with different CYP2D6 
genotypes: A propensity-score matched cohort study. Int J cancer 150: 
1664–1676, 2022. DOI: https://dx.doi.org/10.1002/ijc.33919. 

896 Vaz-Luis I, Francis PA, Di Meglio A and Stearns V: Challenges in Adjuvant 
Therapy for Premenopausal Women Diagnosed With Luminal Breast 
Cancers. Am Soc Clin Oncol Educ B: e47–e61, 2021. PMID: 33989019. 
DOI: 10.1200/edbk_320595. 

897 Huiart L, Bouhnik AD, Rey D, Tarpin C, Cluze C, Bendiane MK, Viens P 
and Giorgi R: Early discontinuation of tamoxifen intake in younger women 
with breast cancer: Is it time to rethink the way it is prescribed? Eur J 
Cancer 48: 1939–1946, 2012. PMID: 22464016. DOI: 



298 
 

10.1016/J.EJCA.2012.03.004. 

898 Nazari SS and Mukherjee P: An overview of mammographic density and 
its association with breast cancer. Breast Cancer 25: 259, 2018. PMID: 
29651637. DOI: 10.1007/S12282-018-0857-5. 

899 McKenzie JE and Brennan SE: Synthesizing and presenting findings using 
other methods. Cochrane Handb Syst Rev Interv: 321–347, 2019. DOI: 
10.1002/9781119536604.CH12. 

900 Tramèr MR, Reynolds DJM, Moore RA and McQuay HJ: Efficacy, Dose-
Response, and Safety of Ondansetron in Prevention of Postoperative 
Nausea and Vomiting A Quantitative Systematic Review of Randomized 
Placebo-controlled Trials. Anesthesiology 87: 1277–1289, 1997. PMID: 
9416710. DOI: 10.1097/00000542-199712000-00004. 

901 Bailey BJ: Duplicate publication in the field of otolaryngology-head and 
neck surgery. Otolaryngol - Head Neck Surg 126: 211–216, 2002. PMID: 
11956527. DOI: 10.1067/MHN.2002.122698. 

902 Gøtzsche PC: Multiple publication of reports of drug trials. Eur J Clin 
Pharmacol 36: 429–432, 1989. PMID: 2666138. DOI: 
10.1007/BF00558064/METRICS. 

903 Cheung MWL: Modeling dependent effect sizes with three-level meta-
analyses: A structural equation modeling approach. Psychol Methods 19: 
211–229, 2014. PMID: 23834422. DOI: 10.1037/A0032968. 

904 Hedges L V., Tipton E and Johnson MC: Robust variance estimation in 
meta-regression with dependent effect size estimates. Res Synth Methods 
1: 39–65, 2010. PMID: 26056092. DOI: 10.1002/JRSM.5. 

905 Beretvas S and Poster D: Using mixed-effects models in reliability 
generalization studies. journals.sagepub.com 63: 75–95, 2003. DOI: 
10.1177/0013164402239318. 

906 Tipton E: Robust variance estimation in meta-regression with binary 
dependent effects. Res Synth Methods 4: 169–187, 2013. DOI: 
10.1002/JRSM.1070. 

907 Van Den Noortgate W and Onghena P: Multilevel Meta-Analysis: A 
Comparison with Traditional Meta-Analytical Procedures. Educ Psychol 
Meas 63: 765–790, 2003. DOI: 10.1177/0013164403251027. 

908 Konstantopoulos S: Fixed effects and variance components estimation in 
three-level meta-analysis. Res Synth Methods 2: 61–76, 2011. DOI: 
10.1002/JRSM.35. 

909 Van den Noortgate W, López-López JA, Marín-Martínez F and Sánchez-
Meca J: Three-level meta-analysis of dependent effect sizes. Behav Res 
Methods 45: 576–594, 2013. PMID: 23055166. DOI: 10.3758/S13428-012-
0261-6. 

910 Ryman N and Jorde PE: Statistical power when testing for genetic 
differentiation. Mol Ecol 10: 2361–2373, 2001. PMID: 11703649. DOI: 
10.1046/J.0962-1083.2001.01345.X. 

911 Hochberg Y and Tamhane AC: Multiple comparison procedures. John 



299 
 

Wiley & Sons, Inc., 1987. 

912 Vatcheva K, Lee M, McCormick J and Rahbar M: The Effect of Ignoring 
Statistical Interactions in Regression Analyses Conducted in Epidemiologic 
Studies: An Example with Survival Analysis Using Cox Proportional 
Hazards Regression Model. Epidemiol (Sunnyvale, Calif) 6, 2015. PMID: 
27347436. DOI: 10.4172/2161-1165.1000216. 

913 Allison PD: Testing for Interaction in Multiple Regression. Am J Sociol 83: 
144–153, 1977. DOI: 10.1086/226510. 

914 Jr DH, Lemeshow S and Sturdivant R: Applied logistic regression, 2013. 

915 Yengo L, Sidorenko J, Kemper KE, Zheng Z, Wood AR, Weedon MN, 
Frayling TM, Hirschhorn J, Yang J and Visscher PM: Meta-analysis of 
genome-wide association studies for height and body mass index in 
∼700000 individuals of European ancestry. Hum Mol Genet 27: 3641, 
2018. PMID: 30124842. DOI: 10.1093/HMG/DDY271. 

916 Ghoussaini M, French JD and Edwards SL: Evidence that the 5p12 Variant 
rs10941679 Confers Susceptibility to Estrogen-Receptor-Positive Breast 
Cancer through FGF10 and MRPS30 Regulation. Am J Hum Genet 99: 
903–911, 2016. PMID: 27640304. DOI: 10.1016/J.AJHG.2016.07.017. 

917 Michailidou K, Lindström S and Easton DF: Association analysis identifies 
65 new breast cancer risk loci. Nat 2017 5517678 551: 92–94, 2017. PMID: 
29059683. DOI: 10.1038/nature24284. 

918 de Leeuw CA, Mooij JM, Heskes T and Posthuma D: MAGMA: Generalized 
Gene-Set Analysis of GWAS Data. PLOS Comput Biol 11: e1004219, 
2015. PMID: 25885710. DOI: 10.1371/JOURNAL.PCBI.1004219. 

919 Xiao R and Boehnke M: Quantifying and correcting for the winner’s curse 
in genetic association studies. Genet Epidemiol 33: 453–462, 2009. PMID: 
19140131. DOI: 10.1002/GEPI.20398. 

920 Nakaoka H and Inoue I: Meta-analysis of genetic association studies: 
methodologies, between-study heterogeneity and winner’s curse. J Hum 
Genet 2009 5411 54: 615–623, 2009. PMID: 19851339. DOI: 
10.1038/jhg.2009.95. 

921 Loannidis JPA: Effect of the statistical significance of results on the time to 
completion and publication of randomized efficacy trials. JAMA 279: 281–
286, 1998. PMID: 9450711. DOI: 10.1001/JAMA.279.4.281. 

922 Haidich AB and Ioannidis JPA: Effect of early patient enrollment on the time 
to completion and publication of randomized controlled trials. Am J 
Epidemiol 154: 873–880, 2001. PMID: 11682370. DOI: 
10.1093/AJE/154.9.873. 

923 Xiao R and Boehnke M: Quantifying and correcting for the winner’s curse 
in genetic association studies. Genet Epidemiol 33: 453, 2009. PMID: 
19140131. DOI: 10.1002/GEPI.20398. 

924 Manolio TA and Collins FS: The HapMap and Genome-Wide Association 
Studies in Diagnosis and Therapy. Annu Rev Med 60: 443, 2009. PMID: 
19630580. DOI: 10.1146/ANNUREV.MED.60.061907.093117. 



300 
 

925 Rothstein HR and Hopewell S: Grey literature. In: The handbook of 
research synthesis and meta-analysis, 2nd ed. New York,  NY,  US, Russell 
Sage Foundation, pp 103–125, 2009. 

926 Begg CB and Berlin JA: Publication Bias: A Problem in Interpreting Medical 
Data. J R Stat Soc Ser A (Statistics Soc 151: 419, 1988. DOI: 
10.2307/2982993. 

927 Whirl-Carrillo M, McDonagh EM, Hebert JM, Gong L, Sangkuhl K, Thorn 
CF, Altman RB and Klein TE: Pharmacogenomics knowledge for 
personalized medicine. NIH Public Access, 2012. 

928 Hochberg Y: A Sharper Bonferroni Procedure for Multiple Tests of 
Significance. Biometrika 75: 800, 1988. DOI: 10.2307/2336325. 

929 Goetz MP, Sun JX and Yelensky R: Loss of Heterozygosity at the CYP2D6 
Locus in Breast Cancer: Implications for Germline Pharmacogenetic 
Studies. JNCI J Natl Cancer Inst 107: 401, 2015. PMID: 25490892. DOI: 
10.1093/JNCI/DJU401. 

930 Fry A, Littlejohns TJ, Sudlow C, Doherty N, Adamska L, Sprosen T, Collins 
R and Allen NE: Comparison of Sociodemographic and Health-Related 
Characteristics of UK Biobank Participants With Those of the General 
Population. Am J Epidemiol 186: 1026, 2017. PMID: 28641372. DOI: 
10.1093/AJE/KWX246. 

931 Davies NM, Holmes M V and Davey Smith G: Reading Mendelian 
randomisation studies: a guide, glossary, and checklist for  clinicians. BMJ 
362: k601, 2018. PMID: 30002074. DOI: 10.1136/bmj.k601. 

932 Hertz DL, Arwood MJ, Stocco G, Singh S, Karnes JH and Ramsey LB: 
Planning and Conducting a Pharmacogenetics Association Study. Clin 
Pharmacol Ther 110: 688–701, 2021. PMID: 33880756. DOI: 
10.1002/CPT.2270. 

933 Yellow Card biobank | Making medicines and medical devices safer. 
Available from: https://yellowcard.mhra.gov.uk/biobank [last accessed 
August 11, 2023]. 

934 Damkier P: Obviously nine believers: Actionable germline genetic variants 
for pre-emptive pharmacogenetic testing. Basic Clin Pharmacol Toxicol 
126: 5–6, 2020. PMID: 31597220. DOI: 10.1111/BCPT.13335. 

935 Ronald D. Mann: HARMONIZATION OF REPORTING AND 
TERMINOLOGIES OF ADVERSE DRUG REACTIONS (SESSION III). 
Geneva, Switzerland. 

936 Chaplin M, Kirkham JJ, Dwan K, Sloan DJ, Davies G and Jorgensen AL: 
STrengthening the Reporting Of Pharmacogenetic Studies: Development 
of the STROPS guideline. PLOS Med 17: e1003344, 2020. PMID: 
32956352. DOI: 10.1371/JOURNAL.PMED.1003344. 

937 Gillis NK and Innocenti F: Evidence Required to Demonstrate Clinical Utility 
of Pharmacogenetic Testing: The Debate Continues. Clin Pharmacol Ther 
96: 655–657, 2014. DOI: https://doi.org/10.1038/clpt.2014.185. 

938 Zhai S, Zhang H, Mehrotra D V. and Shen J: Pharmacogenomics polygenic 
risk score for drug response prediction using PRS-PGx methods. Nat 



301 
 

Commun 2022 131 13: 1–13, 2022. PMID: 36075892. DOI: 
10.1038/s41467-022-32407-9. 

 


