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ABSTRACT  

Background: Patients receiving cancer treatment often have one or more co-morbid conditions that 

are treated pharmacologically. Co-morbidities are recorded in clinical trials usually only at baseline. 

However, co-morbidities evolve and new ones emerge during cancer treatment. The interaction 

between multi-morbidity and cancer recovery is significant but poorly understood.  

Purpose: To investigate the effect of co-morbidities (e.g. cardiovascular and diabetes) and 

medications (e.g. statins, antihypertensives, metformin) on radiotherapy-related toxicity and long-term 

symptoms in order to identify potential risk factors. The possible protective effect of medications such 

as statins or antihypertensives in reducing radiotherapy-related toxicity will also be explored.  

Methods: Two datasets will be linked. 1) CHHiP
1
 (Conventional or Hypofractionated High Dose 

Intensity Modulated Radiotherapy for Prostate Cancer) randomised control trial. CHHiP contains 

pelvic symptoms and radiation-related toxicity reported by patients and clinicians. 2) GP
2
 (General 

Practice) data from RCGP RSC
3
 (Royal College of General Practitioners Research and Surveillance 

Centre). The GP records of CHHiP patients will be extracted, including cardiovascular co-morbidities, 

diabetes and prescription medications. Statistical analysis of the combined dataset will be performed 

in order to investigate the effect. 

Conclusions: Linking two sources of healthcare data is an exciting area of big healthcare data 

research. With limited data in clinical trials (not all clinical trials collect information on co-

morbidities or medications) and limited lengths of follow-up, linking different sources of information 

is increasingly needed to investigate long-term outcomes. With increasing pressures to collect detailed 

information in clinical trials (e.g. co-morbidities, medications), linkage to routinely collected data 

offers the potential to support efficient conduct of clinical trials. 

 

KEY WORDS: Data linkage, Radiotherapy-related side-effects, Late-effects, CHHiP, RCGP RSC, 

Big data 

                                                      

1
 CHHiP: Conventional or Hypofractionated High Dose Intensity Modulated Radiotherapy for Prostate Cancer 

2
 GP: General practice  

3
 RCGP RSC: Royal College of General Practitioners Research and Surveillance Centre 
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1 Introduction  

High doses of radiation are needed to cure most common cancers. Radiotherapy is planned 

with a “safety margin” to account for any tumour or patient movement during treatment. This 

inevitably leads to the inclusion of some healthy normal tissue in the treatment target area which can 

lead to radiation damage and side-effects [1]. Modern radiotherapy techniques can conform radiation 

dose more precisely to fit the shape of the cancer. In addition the image-guidance methods make 

treatments more accurate. These methods improve tumour targeting so they have significantly reduced 

toxicity [2, 3]. However, serious adverse-effects and reduced quality of life (QOL) are still observed 

in a small number of patients [4-7]. Dose escalation to improve cancer cure can also increase 

morbidity. Radiation side-effects and symptoms often emerge many months or years after treatment 

(late-effects) and may be difficult to investigate or manage.  

Late-effects are a key concern to oncologists, as 84% of prostate cancer (PCa) patients 

survive at least ten years [8] and avoidance of long-term side-effects remains a clinical challenge. As 

the survival rate is relatively high, PCa is now commonly described as a chronic and slowly 

progressing disease. It is therefore crucial to understand the long-term healthcare needs of this ageing 

population of patients and the impact of co-morbidities in the management of side-effects [9]. PCa is 

the most frequently diagnosed male cancer in the United Kingdom (UK) with almost 50000 new cases 

each year [8]. External beam pelvic radiotherapy (EBRT) alongside surgery is the main form of 

treatment and it is often used in conjunction with hormone therapy [10].  

The most common side-effects of pelvic radiotherapy are those experienced from 

gastrointestinal and genitourinary systems. The most troublesome of the range of early reported short-

term side-effects are dysuria, haematuria, irritation and inflammation of the skin, bowel, bladder or 

rectum. These side-effects are caused directly by irradiation, and they usually improve quickly after 

treatment [5, 11]. Late side-effects occur from 6 months to several years after treatment. The most 

common long-term side-effects include urinary obstruction, incontinence, bowel frequency, proctitis 

and sexual problems [7, 12-14]. These side-effects, similarly to the short-term ones, are also caused 

by damage from the radiation and the resulting vascular changes. However, they are usually long-term 

and therefore have a significant impact on the QOL. Inflammation is closely associated with increased 
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acute toxicity, and is also linked to late toxicity (as consequential late-effects) [15]. The link of long-

term side-effects with short-term is not fully defined but short-term side-effects have been identified 

as a precursor of long-term [16]. For this reason it is important to act as early as possible to prevent 

and reduce side-effects.  

There are two areas of research that are of interest regarding co-morbidities and concomitant 

medications for cancer patients. One is that co-morbidities result in worse health-related outcomes for 

radiotherapy patients [2, 3, 17-20]. A recently completed systematic literature review on radiotherapy 

in diabetic patients identified diabetes as a negative factor and highlighted the need for more research 

[17]. Another stem of evidence leads to the effect of cardiovascular medications and improved late 

toxicity [21-25]. Statins have been found to improve health-related outcomes post-radiotherapy [26-

33]. Evidence suggests that those medications may protect against normal tissue injury caused by 

radiation [27-31].  
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2 Materials and Methods 

2.1 Aims  

The aim of this study is to investigate the effect of co-morbidities (focusing on cardiovascular 

diseases and diabetes) and prescription medications (cardiovascular medications such as statins, 

anticoagulants, heart medications, antihypertensives, erectile dysfunction as well as diabetes 

medications e.g. metformin) on symptoms and radiotherapy-related side-effects in PCa patients. Two 

sources of healthcare data will be pulled together to study long-term symptoms and toxicity in relation 

to co-morbidity. General Practice (GP) medical history will be extracted for CHHiP patients. CHHiP 

(Conventional or Hypofractionated High Dose Intensity Modulated Radiotherapy for Prostate Cancer, 

CRUK/06/16) is a large PCa radiotherapy randomised controlled trial (RCT) [34, 35]. Patients 

recruited to CHHiP were randomised to three different radiotherapy schedules and were monitored 

over time. Therefore, long-term patient reported outcomes (PROs) and clinician recorded 

radiotherapy-related symptoms and toxicity data are available. The focus will be on urinary, rectal and 

sexual symptoms and toxicity. The GP dataset that will be used is a dataset of the Royal College of 

General Practitioners Research and Surveillance Centre (RCGP RSC) [36].  

Using de-identified (irreversibly hashed) NHS numbers (already collected with consent in the 

CHHiP trial), GP records on co-morbidities and prescription medications before, during, and after 

radiotherapy will be retrieved for CHHiP patients. CHHiP prospectively collected longitudinal data on 

radiotherapy-related symptoms and toxicity (follow-up up to 5 years) reported both by patients 

(PROs) and clinicians. Table 1 details the type of data extracted and linked from GP records and 

CHHiP trial. The resulting linked dataset will be used to investigate the effect of co-morbidities and 

concomitant medications on symptoms and radiotherapy-related side-effects. 

2.2 Dataset 

2.2.1 CHHiP clinical trial 

CHHiP (CRUK/06/16, REC reference 04/MRE02/10) trial [34, 35] is conducted by the 

Institute of Cancer Research Clinical Trials and Statistics Unit (ICR-CTSU). It is a dataset of 3216 
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men with PCa recruited from 71 centres in the UK, Republic of Ireland, Switzerland, and New 

Zealand between October 2002 and June 2011. Men were randomised to three different conformal 

Intensity Modulated Radiotherapy (IMRT) dose schedules: the standard schedule of 74Gy (37 

fractions(f)) given over 7.5 weeks, or two hypofractionated and shorter schedules, doses of 60Gy 

(20f) or 57Gy (19f). The trial tested the hypothesis that hypofractionated radiotherapy schedules for 

localised PCa would improve the therapeutic ratio by either improving tumour control or reducing 

normal tissue side-effects.  It demonstrated non-inferiority of the 60Gy/20f schedule (compared to 

74Gy/37f) in terms of biochemical/clinical failure with similar and low rates of toxicity [34, 35].  

Patients were followed-up over time, and short-term and long-term PROs and clinician-

reported radiotherapy-related toxicity data are available. The median follow-up of patients is 62.4 

months (IQR: 53.9 - 77.0). PROs were collected (as previously described elsewhere [37, 38]) with the 

UCLA Prostate Cancer Index (UCLA-PCI) [39], Short Form (SF)-36 [40], and Functional 

Assessment of Cancer Therapy-Prostate (FACT-P) [41] questionnaires. In March 2009 UCLA-PCI, 

FACT-P and  SF-36 were replaced by the Expanded Prostate Cancer Index Composite (EPIC) [42] 

and SF-12 [35]. Clinician reported toxicity data were collected with the Radiation Therapy Oncology 

Group (RTOG) [43], the Late Effects Normal Tissue Toxicity; subjective, objective, management, 

and analytic (LENT/SOMA) [44]. In this study, the focus is on symptoms and toxicity in the three 

health domains (urinary, bowel and sexual) that are most affected by PCa and its treatment.   

Only the UK CHHiP population of patients (N = 3179) will be included in this study. The 

non-UK patients will be excluded because there are no NHS numbers for these patients. Patients from 

recruitment centres in Wales, Scotland and Northern Ireland will be included, even though the RCGP 

RSC contains records from English GPs only. This is to create a nationally representative resource. 

The RCGP RSC is representative of the whole UK population [36]. To evaluate the representativeness 

of the linked subsample, the analysis will include comparisons of linked records to non-linked CHHiP 

patients and to the RCGP RSC population. Another reason to include all the UK CHHiP patients is 

that there are other GP databases (aside from RCGP RSC) that could be linked to CHHiP as a follow-

on from this project. This offers the opportunity to follow-up patients from regions that are not 
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available in RCGP RSC. In addition, GP data may be available in RCGP RSC for some of these 

patients if for example they had previously been registered with an English GP.  

In order to support the linkage of CHHiP to other data sources, NHS numbers (CHI numbers 

in Scotland) were collected. Co-morbidities were recorded at baseline and included diabetes, 

hypertension, inflammatory bowel disease, previous pelvic surgery, symptomatic haemorrhoids and 

previous TURP (transurethral resection of the prostate). With regard to prescription medications, the 

information on α-blockers or anticholinergics taken for bladder symptoms [Yes / No] was recorded. 

Table 2 illustrates the exact CHHiP data that will be used in this project. 

2.2.2 RCGP RSC 

The RCGP RSC [36] has been collecting primary care data in England, and monitoring 

disease trends for almost 60 years. The network of practices currently includes 192 GP practices with 

a total number of about 1.5 million active patients (1.5% of the English population). Data are 

extracted weekly from GP practices in the network, covering the past 6 weeks of data. Every four 

months, a bulk extract is conducted where historical data for all registered patients are extracted. All 

patient personally identifiable data are pseudonymised (de-identified) as close as possible to the point 

of extraction from GP databases. The information that will be extracted from GP records for CHHiP 

patients will include co-morbidities (cardiovascular and diabetes) and medication history taken for 

these conditions before, during and after radiotherapy. Cardiovascular medications such as statins, 

anticoagulants, antihypertensives, heart medications, erectile dysfunction as well as diabetes 

medicines such as metformin will be included. Table 1 summarises the type and time points of data 

extracted from both sources.  RCGP RSC has granted permission to conduct this project (Data request 

RSC_0315). An NHS ethics approval has been obtained from the West of Scotland REC1 

(16/WS/0076).  

2.3 Study design  

The study will be undertaken in the following four stages.  

2.3.1 De-identification (pseudonymisation) of CHHiP data  
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All patient personally identifiable data will be de-identified before the transmission of CHHiP 

data to the University of Surrey. NHS numbers will be hashed, dates of birth will be hashed, and 

postcodes converted into Lower Super Output Areas (LSOAs) at the ICR where the data is held. A 

hashing algorithm called Secure Hash Algorithm 2 with 512 bit hash values (SHA2-512) will be 

applied. NHS numbers and dates of birth in the RCGP RSC database are already hashed using the 

same algorithm. Postcodes have also been converted to LSOAs. This will facilitate the data linking 

process without the need of any member of the research team at the University of Surrey to access the 

patient identifiable information. The SHA2-512 is a cryptographic hashing algorithm approved to de-

identify personal information. It uses asymmetric encryption and is described as a one-way function, 

which means that it is computationally impossible to generate the original data from hashed values, 

even with the use of the secret key used for hashing.  

2.3.2 CHHiP data transmission. 

Data for 3179 UK CHHiP participants, including study ID, recruitment centre, hashed NHS 

numbers, hashed dates of birth, LSOAs, age, randomization group, clinical baseline information such 

as tumour stage, co-morbidities and medications, together with symptoms and radiotherapy-related-

toxicity recorded with PROs and clinician-reported tools (see Table 2) will be transmitted to the 

University of Surrey and stored on a secure server. Access to data will be limited to the research team 

and will be password controlled.  

2.3.3 Data linking. 

First, hashed NHS numbers will be used as a unique key to link the two separate databases. 

For patients that cannot be linked through this method, hashed dates of birth, the LSOA, and possible 

diagnosis of prostate cancer will be explored as a secondary linkage method. The information from 

the RCGP RSC records on the number and type of co-morbid cardiovascular and diabetes conditions 

as well as medications taken by CHHiP patients will be extracted (see Table 1).  

2.3.4 Data analysis. 
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To assess the value of the linked resource, statistical analysis of the effect of co-morbidities 

and medications on patient- and clinician-reported symptoms and radiotherapy-related toxicity will be 

conducted. The number of CHHiP patients with co-morbid conditions and the number and type of 

prescription medications that patients take will be described. Medical history collected as part of the 

CHHiP trial will be compared with that obtained from the RCGP RSC. To investigate the 

representativeness of the linked subsample, the incidence (proportion of patients with co-morbidities 

and medications) in the RCGP RSC linked CHHiP subsample will be compared to the overall CHHiP 

population and to the RCGP RSC population. The occurrence and intensity of symptoms and 

radiotherapy-related toxicity in the RCGP RSC linked CHHiP subsample will also be compared to the 

overall CHHiP population. The toxicity profiles of patients with co-morbidities and medications will 

be compared to these of patients that do not have specific co-morbidities or do not take medications to 

investigate the effect. A detailed data analysis plan is described in Section 2.5.  

2.4 Data dictionary  

A systematic literature review was conducted to gain understanding of which medications and 

co-morbidities interact with radiotherapy, and what their impact on the side-effects from radiotherapy 

may be. The literature review fed into the data dictionary and the RCGP RSC extraction query will be 

based on knowledge gathered during the literature review and consultations with clinicians. The data 

extraction will be defined as follows: 

2.4.1 Co-morbidities and symptoms 

The ontology was developed to extract the relevant co-morbidities and symptoms from the 

RCGP database for CHHiP patients. This allowed a conceptual map of symptoms, investigations, 

administrative codes, and diagnoses that can indicate a case to be built [45]. For instance, a person 

with diabetes may not always have a clear diagnosis code in the GP record, but they might have 

administrative codes (diabetes review) or investigation codes (HbA1c blood test results indicating 

diabetes), from which it can be inferred that the patient is a diabetes case.  

2.4.2 Medications 



Linking CHHiP data with GP records of patients.  10 

 

A list of relevant medications was created based on Sections 2 and 6.1 (drugs related to 

cardiovascular system and diabetes) of the British National Formula (BNF) (www.bnf.org). In the 

same way as for co-morbidities and symptoms, the list of medications was first developed, and then 

the list of related codes required for data extraction was derived. 

2.5 Data analysis  

Standard descriptive statistics will be used to review the number of co-morbid conditions and 

prescription medications of CHHiP patients for which RCGP RSC data are available. Baseline 

information on co-morbidities and medications recoded in CHHiP will be used to analyse the 

concurrence between the two data sources. The McNemar test for paired data as well as proportional 

odds logistic regression will be used to assess statistical significance of the difference between co-

morbidities reported in CHHiP and those revealed in RCGP RSC data. A chi-squared (χ
2
) test will be 

used to compare the incidence (proportions) of co-morbidities in the RCGP RSC linked CHHiP 

subsample and in the overall CHHiP sample and RCGP RSC population.   

Using the information on symptoms and radiotherapy-related toxicity recorded in CHHiP, the 

occurrence and intensity in the overall CHHiP population and in the RCGP RSC linked subsample 

will be described. The homogeneity of the RCGP RSC linked CHHiP subsample will be assessed with 

a χ
2
 test. Logistic regression will be applied to relate the information on occurrence and intensity of 

symptoms and radiotherapy-related toxicity to co-morbidities and prescription medications. This will 

be done to investigate the effect of co-morbidities and medications on symptoms and toxicity. The 

levels of symptoms and toxicity will be summarised for people with particular co-morbid conditions. 

This information will be compared to people without co-morbidities and to the general CHHiP 

population to assess if patients with co-morbidities have higher or lower toxicity levels. Information 

on particular medications such as statins or ACE-inhibitors taken by patients before, during and after 

radiotherapy will be used to investigate the effect of these medications on symptoms and toxicity. The 

information on each of the medications (by a pharmacological group) will be used as a binary item in 

the logistic regression. The plan of data analysis is illustrated in Figure 1. 
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Age is a well recognized confounding factor [2, 46], and therefore the modelling of 

radiotherapy-related symptoms and toxicity will be adjusted for age. The regression analysis will also 

be adjusted for the effect of the CHHiP randomisation group. Methods based on multilevel analysis of 

variance (ANOVA) will be used to model the effect of co-morbidities and medications on the 

development of symptoms and toxicity over time. Those methods provide a variance split in the data 

according to the contribution of experimental factors [47]. The effect of co-morbidities or medications 

over time will be isolated and assessed without confounding factors such as age or randomisation 

group. If feasible and accordingly to the success of data linkage, Generalized Estimating Equations 

(GEE) [48] will also be used. This is an approach developed for the longitudinal nested data. It allows 

for the inclusion of categorical as well as continuous variables and for variable selection procedures in 

order to select the best model [49]. Regression parameters can be calculated for each point in time. 

Therefore the effect of co-morbidities and medications on acute symptoms can be compared to that on 

long-term effects.   

  



Linking CHHiP data with GP records of patients.  12 

 

3 Discussion 

EBRT can lead to functional and structural damage that can cause long-term symptoms. The 

accumulation of radiation in the tissues results in DNA damage and changes in the cellular micro-

environment, mainly via cytokines-inflammatory pathways. The process of cell reparation and 

restoration is similar to that of wound healing [50]. However, repetitive injury during the course of 

radiation can lead to scaring which in the long-term manifests as fibrosis, atrophy and vascular 

damage [51, 52]. Potential cellular and vascular changes that impact on the side-effects from 

radiotherapy are not fully explained. The evidence regarding the effect of co-morbidities and 

medications  on these cellular and vascular changes is also conflicting but some studies suggest that 

concomitant medications may affect the inflammatory response induced by radiotherapy. 

Cardiovascular medications change inflammatory responses and microvasculature and it is believed 

that through these mechanisms they impact on radiation toxicity [29, 33].  

Long-term injury from EBRT is a serious concern often limiting treatment. Fibrosis reduces 

the elasticity and vascularisation of tissues and organs such as the bladder or bowel, and this leads to 

lasting side-effects [53-56]. Research shows that the occurrence and severity of long-term side-effects 

depends on multiple treatment factors such as the type of treatment, radiation total dose, dose per 

fraction [17, 57-59] and the type of irradiated tissue [60, 61]. Late side-effects are associated with age, 

baseline patient characteristics and intensity of baseline symptoms and short-term side-effects. Recent 

studies also recognised mechanisms of genetic risk factors [62]. In addition, patients with co-morbid 

conditions are at a higher risk than others [63-65]. Risk of fibrosis is higher in patients with 

hypertension or diabetes due to changes in microvasculature, or with scleroderma due to collagen over 

expression [66]. Despite our increasing knowledge of these risk factors, it is still difficult to predict 

the occurrence of fibrosis and late-effects in patients. However, exploring co-morbidities and 

medication use may be of benefit because of the role that they play during regenerative processes and 

the effect on inflammation, microvascular damage, or hypoxia.  

The research into the risk factors has produced conflicting evidence but some studies show 

that cardiovascular medications taken by patients to control their co-morbidities may reduce 

radiotherapy-related toxicity [21, 23, 24]. The mechanisms are not fully established but it is believed 
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that improving the cardiovascular flow of the healthy tissue surrounding tumours may reduce the 

inflammatory response that is responsible for many of the side-effects, and so those medications may 

protect against normal tissue injury caused by radiation. The evidence to support this association is 

limited and there is a need for more research.  

Data linkage techniques are increasingly being used to create comprehensive datasets that can 

be used to explore specific issues or search for evidence that could not be investigated in the limited 

data available from isolated studies. Despite the clear potential and increasing patient benefit, this 

type of research is still hampered by serious governance and data protection issues. To address patient 

confidentiality concerns, an established method of data linkage has been used. This method has been 

deemed adequate by the NHS Research Ethics Committee who approved the project. Inevitably NHS 

numbers are required for linking large datasets such the two used in this study. However, the method 

of irreversible hashing of NHS numbers that will be applied here, protects patients’ privacy while at 

the same time allowing for effective data linkage. Facilitating data sharing across healthcare settings 

and data linkage across studies is supported by the Department of Health information strategy [67]. 

Some examples of benefits to patients include better planning of NHS resources or improved 

healthcare services as well as improved patient health-related outcomes.  

The RCGP RSC database was used because due to the regular data extractions it is one of the 

most up to date GP databases in the UK. It currently covers 1.5% of the English population but it 

continues to expand its GP network. Based on these values, the estimated number of GP records that 

may be available for CHHiP patients is 50. It is a relatively small number and this could potentially 

hinder the statistical analyses that are planned for this project. This is a serious concern and a 

limitation of this study. There are other GP databases that could be used to extract GP records for 

CHHiP patients so there is potential to build on this project. They could be linked to CHHiP to trace 

more patients and increase the quality of the evidence. In the current project a sufficient statistical 

power may not be reached due to potentially a small proportion of linked patients. However, the 

contribution of this project is still considered important. In particular, the success of the linkage 

process can be investigated. The evidence regarding linking clinical trials and GP data is limited and 

CHHiP has never been used in this kind of research.  
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The systems are not in place to routinely link clinical trials with GP data. However, there are 

clear benefits for health research and clinical practice. They include a support of efficient conduct of 

clinical trials and opportunities for a long-term follow-up even after a clinical trial has ended. The 

information on co-morbidities or prescription medications is important, but not always collected 

within clinical trials. It could therefore be obtained via linkage from other sources. However, in order 

to ensure that the opportunities of data linkage are maximised and that the evidence derived from the 

linked resources is reliable, we need to better understand the requirements and implications of data 

linkage. This project will contribute to the knowledge providing the evidence with regard to risks and 

benefits of linking clinical trials and GP data. The process of GP data extraction will be tested and an 

insight generated on how this combined resource could be used to supplement information collected 

within clinical trials.  
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4 Conclusions  

GP records will be extracted for CHHiP patients to investigate the effect of co-morbidities 

and prescription medications on the development of symptoms and on radiotherapy outcomes. This is 

a truly current approach as in the past the research mainly focused on exploring treatment factors and 

baseline patient characteristics. At present there is only limited evidence on the effect of medications 

taken for co-morbid conditions in cancer patients. Methods of reducing side-effects of radiotherapy by 

pharmacologically protecting normal tissue against damage from radiation have not yet been 

extensively explored.  

The reduction of treatment side-effects has become a key challenge in modern radiotherapy as 

patients survive many years post treatment. The population of cancer patients is ageing and the 

complexity of risk factors for radiotherapy-related side-effects increases due to the high prevalence of 

multi-morbidity. Therefore investigating the effect that co-morbidities and medications taken during 

radiotherapy may have on radiotherapy-related toxicity requires more research. This research is of 

high relevance to patients and could potentially lead to improved health-related outcomes post-

radiotherapy. To optimise the management of people treated with radiotherapy an understanding is 

required of how to account for multi-morbidity and its effect during treatment planning and recovery. 
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ANOVA Analysis of variance 
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SHA2-512 Secure Hash Algorithm 2 with 512 bit hash values 

UCLA-PCI University of California, Los Angeles Prostate Cancer Index  

UK United Kingdom  

 



Linking CHHiP data with GP records of patients.  17 

 

Conflict of interests 

DD is a consultant clinical oncologist, London. DD has attended, and received honoraria for advisory 

boards and served as a consultant for Takeda, Amgen, Astellas, Sandoz and Janssen Pharma. 

Abiraterone acetate was developed at the ICR, which therefore has a commercial interest in the 

development of this agent.  DD is on the Institute’s Rewards to Inventors list for abiraterone acetate. 

All other authors declare no conflict of interests. 

Funding 

This work was supported by the Pump Priming programme from the Faculty of Health and Medical 

Sciences, University of Surrey.   

Acknowledgements 

We thank the RCGP RSC participating GP practices and patients for providing data. We thank 

patients, oncologists, urologists, radiographers, physicists and other support staff of the CHHiP trial. 



Linking CHHiP data with GP records of patients.  18 

 

References 

[1] Yarnold J, Brotons MC. Pathogenetic mechanisms in radiation fibrosis. Radiother Oncol. 
2010; 97:1. 

[2] Schultheiss TE, Hanks GE, Hunt MA, Lee WR. Incidence of and factors related to late 
complications in conformal and conventional radiation treatment of cancer of the prostate. 
Int J Radiat Oncol Biol Phys. 1995; 32:3. 

[3] Skwarchuk MW, Jackson A, Zelefsky MJ, Venkatraman ES, Cowen DM, Levegrun S, et al. Late 
rectal toxicity after conformal radiotherapy of prostate cancer (I): multivariate analysis and 
dose-response. Int J Radiat Oncol Biol Phys. 2000; 47:1. 

[4] Punnen S, Cowan JE, Chan JM, Carroll PR, Cooperberg MR. Long-term Health-related Quality 
of Life After Primary Treatment for Localized Prostate Cancer: Results from the CaPSURE 
Registry. Eur Urol. 2014; 18:14. 

[5] Adams E, Boulton MG, Horne A, Rose PW, Durrant L, Collingwood M, et al. The Effects of 
Pelvic Radiotherapy on Cancer Survivors: Symptom Profile, Psychological Morbidity and 
Quality of Life. Clinical Oncology. 2014; 26:1. 

[6] van Tol-Geerdink JJ, Leer JWH, van Oort IM, van Lin EJNT, Weijerman PC, Vergunst H, et al. 
Quality of life after prostate cancer treatments in patients comparable at baseline. Br J 
Cancer. 2013; 108:9. 

[7] Dearnaley DP, Jovic G, Syndikus I, Khoo V, Cowan RA, Graham JD, et al. Escalated-dose 
versus control-dose conformal radiotherapy for prostate cancer: long-term results from the 
MRC RT01 randomised controlled trial. The Lancet Oncology. 2014; 15:4. 

[8] UK CR, Prostate cancer incidence statistics, 2012. 
[9] Stiegelis HE, Ranchor AV, Sanderman R. Psychological functioning in cancer patients treated 

with radiotherapy. Patient Educ Couns. 2004; 52:2. 
[10] Miller KD, Siegel RL, Lin CC, Mariotto AB, Kramer JL, Rowland JH, et al. Cancer treatment and 

survivorship statistics, 2016. CA: A Cancer Journal for Clinicians. 2016; 66:4. 
[11] Andreyev HJN, Wotherspoon A, Denham JW, Hauer-Jensen M. Defining pelvic-radiation 

disease for the survivorship era. The Lancet Oncology. 2010; 11:4. 
[12] Davis KM, Kelly SP, Luta G, Tomko C, Miller AB, Taylor KL. The association of long-term 

treatment-related side effects with cancer-specific and general quality of life among 
prostate cancer survivors. Urology. 2014; 84:2. 

[13] Darwish-Yassine M, Berenji M, Wing D, Copeland G, Demers RY, Garlinghouse C, et al. 
Evaluating long-term patient-centered outcomes following prostate cancer treatment: 
findings from the Michigan Prostate Cancer Survivor study. J Cancer Surviv. 2014; 8:1. 

[14] Glaser AW, Fraser LK, Corner J, Feltbower R, Morris EJ, Hartwell G, et al. Patient-reported 
outcomes of cancer survivors in England 1-5 years after diagnosis: a cross-sectional survey. 
BMJ Open. 2013; 3:4. 

[15] Pinkawa M, Holy R, Piroth MD, Fischedick K, Schaar S, Szekely-Orban D, et al. Consequential 
late effects after radiotherapy for prostate cancer - a prospective longitudinal quality of life 
study. Radiat Oncol. 2010; 5:27. 

[16] Wedlake LJ, Thomas K, Lalji A, Blake P, Khoo VS, Tait D, et al. Predicting late effects of pelvic 
radiotherapy: is there a better approach? Int J Radiat Oncol Biol Phys. 2010; 78:4. 

[17] Vissers PA, Falzon L, van de Poll-Franse LV, Pouwer F, Thong MS. The impact of having both 
cancer and diabetes on patient-reported outcomes: a systematic review and directions for 
future research. J Cancer Surviv. 2016; 10:2. 

[18] Herold DM, Hanlon AL, Hanks GE. Diabetes mellitus: a predictor for late radiation morbidity. 
Int J Radiat Oncol Biol Phys. 1999; 43:3. 

[19] Schultheiss TE, Lee WR, Hunt MA, Hanlon AL, Peter RS, Hanks GE. Late GI and GU 
complications in the treatment of prostate cancer. Int J Radiat Oncol Biol Phys. 1997; 37:1. 



Linking CHHiP data with GP records of patients.  19 

 

[20] Dunphy EP, Petersen IA, Cox RS, Bagshaw MA. The influence of initial hemoglobin and blood 
pressure levels on results of radiation therapy for carcinoma of the prostate. Int J Radiat 
Oncol Biol Phys. 1989; 16:5. 

[21] van der Veen SJ, Ghobadi G, de Boer RA, Faber H, Cannon MV, Nagle PW, et al. ACE 
inhibition attenuates radiation-induced cardiopulmonary damage. Radiother Oncol. 2015; 
114:1. 

[22] Dearnaley D, Griffin CL, Hall E. Letter in response to the Wedlake et al. paper 'Evaluating the 
efficacy of statins and ACE-inhibitors in reducing gastrointestinal toxicity in patients 
receiving radiotherapy for pelvic malignancies'. Eur J Cancer. 2013; 49:7. 

[23] Wedlake LJ, Silia F, Benton B, Lalji A, Thomas K, Dearnaley DP, et al. Evaluating the efficacy of 
statins and ACE-inhibitors in reducing gastrointestinal toxicity in patients receiving 
radiotherapy for pelvic malignancies. Eur J Cancer. 2012; 48:14. 

[24] Molteni A, Moulder JE, Cohen EF, Ward WF, Fish BL, Taylor JM, et al. Control of radiation-
induced pneumopathy and lung fibrosis by angiotensin-converting enzyme inhibitors and an 
angiotensin II type 1 receptor blocker. Int J Radiat Biol. 2000; 76:4. 

[25] Tiwari AK, Chen Z-S. Repurposing phosphodiesterase-5 inhibitors as chemoadjuvants. 
Frontiers in Pharmacology. 2013; 4. 

[26] Kollmeier MA, Katz MS, Mak K, Yamada Y, Feder DJ, Zhang Z, et al. Improved biochemical 
outcomes with statin use in patients with high-risk localized prostate cancer treated with 
radiotherapy. Int J Radiat Oncol Biol Phys. 2011; 79:3. 

[27] Gutt R, Tonlaar N, Kunnavakkam R, Karrison T, Weichselbaum RR, Liauw SL. Statin use and 
risk of prostate cancer recurrence in men treated with radiation therapy. J Clin Oncol. 2010; 
28:16. 

[28] Soto DE, Daignault S, Sandler HM, Ray ME. No effect of statins on biochemical outcomes 
after radiotherapy for localized prostate cancer. Urology. 2009; 73:1. 

[29] Gaugler MH, Vereycken-Holler V, Squiban C, Vandamme M, Vozenin-Brotons MC, 
Benderitter M. Pravastatin limits endothelial activation after irradiation and decreases the 
resulting inflammatory and thrombotic responses. Radiat Res. 2005; 163:5. 

[30] Katz MS, Minsky BD, Saltz LB, Riedel E, Chessin DB, Guillem JG. Association of statin use with 
a pathologic complete response to neoadjuvant chemoradiation for rectal cancer. Int J 
Radiat Oncol Biol Phys. 2005; 62:5. 

[31] Tsai HK, Katz MS, Coen JJ, Zietman AL, Kaufman DS, Shipley WU. Association of statin use 
with improved local control in patients treated with selective bladder preservation for 
muscle-invasive bladder cancer. Urology. 2006; 68:6. 

[32] Nubel T, Damrot J, Roos WP, Kaina B, Fritz G. Lovastatin protects human endothelial cells 
from killing by ionizing radiation without impairing induction and repair of DNA double-
strand breaks. Clin Cancer Res. 2006; 12:3 Pt 1. 

[33] Ostrau C, Hulsenbeck J, Herzog M, Schad A, Torzewski M, Lackner KJ, et al. Lovastatin 
attenuates ionizing radiation-induced normal tissue damage in vivo. Radiother Oncol. 2009; 
92:3. 

[34] Dearnaley D, Syndikus I, Mossop H, Khoo V, Birtle A, Bloomfield D, et al. Conventional versus 
hypofractionated high-dose intensity-modulated radiotherapy for prostate cancer: 5-year 
outcomes of the randomised, non-inferiority, phase 3 CHHiP trial. The Lancet Oncology. 
2016; 17:8. 

[35] Wilkins A, Mossop H, Syndikus I, Khoo V, Bloomfield D, Parker C, et al. Hypofractionated 
radiotherapy versus conventionally fractionated radiotherapy for patients with 
intermediate-risk localised prostate cancer: 2-year patient-reported outcomes of the 
randomised, non-inferiority, phase 3 CHHiP trial. The Lancet Oncology. 2015; 16:16. 

[36] Correa A, Hinton W, McGovern A, van Vlymen J, Yonova I, Jones S, et al. Royal College of 
General Practitioners Research and Surveillance Centre (RCGP RSC) sentinel network: a 
cohort profile. BMJ Open. 2016; 6:4. 



Linking CHHiP data with GP records of patients.  20 

 

[37] Dearnaley D, Syndikus I, Mossop H, Khoo V, Birtle A, Bloomfield D, et al. Conventional versus 
hypofractionated high-dose intensity-modulated radiotherapy for prostate cancer: 5-year 
outcomes of the randomised, non-inferiority, phase 3 CHHiP trial. The Lancet Oncology. 
17:8. 

[38] Wilkins A, Mossop H, Syndikus I, Khoo V, Bloomfield D, Parker C, et al. Hypofractionated 
radiotherapy versus conventionally fractionated radiotherapy for patients with 
intermediate-risk localised prostate cancer: 2-year patient-reported outcomes of the 
randomised, non-inferiority, phase 3 CHHiP trial. The Lancet Oncology. 16:16. 

[39] Litwin MS, Hays RD, Fink A, Ganz PA, Leake B, Brook RH. The UCLA Prostate Cancer Index: 
development, reliability, and validity of a health-related quality of life measure. Med Care. 
1998; 36:7. 

[40] Ware JE, Jr., Sherbourne CD. The MOS 36-item short-form health survey (SF-36). I. 
Conceptual framework and item selection. Med Care. 1992; 30:6. 

[41] Esper P, Mo F, Chodak G, Sinner M, Cella D, Pienta KJ. Measuring quality of life in men with 
prostate cancer using the Functional Assessment of Cancer Therapy-prostate instrument. 
Urology. 1997; 50:6. 

[42] Wei JT, Dunn RL, Litwin MS, Sandler HM, Sanda MG. Development and validation of the 
expanded prostate cancer index composite (EPIC) for comprehensive assessment of health-
related quality of life in men with prostate cancer. Urology. 2000; 56:6. 

[43] Cox JD, Stetz J, Pajak TF. Toxicity criteria of the Radiation Therapy Oncology Group (RTOG) 
and the European Organization for Research and Treatment of Cancer (EORTC). Int J Radiat 
Oncol Biol Phys. 1995; 31(5):1341-6.:5. 

[44] LENT SOMA tables. Radiother Oncol. 1995; 35:1. 
[45] de Lusignan S, Liaw ST, Michalakidis G, Jones S. Defining datasets and creating data 

dictionaries for quality improvement and research in chronic disease using routinely 
collected data: an ontology-driven approach. Inform Prim Care. 2011; 19:3. 

[46] Smith AW, Reeve BB, Bellizzi KM, Harlan LC, Klabunde CN, Amsellem M, et al. Cancer, 
comorbidities, and health-related quality of life of older adults. Health Care Financ Rev. 
2008; 29:4. 

[47] Lemanska A, Grootveld M, Silwood CJL, Brereton RG. Chemometric variance analysis of 1H 
NMR metabolomics data on the effects of oral rinse on saliva. Metabolomics. 2012; 8:1. 

[48] Liang K, Zeger S. A comparison of two bias-corrected covariance estimators for generalized 
estimating equations. Biometrika. 1986; 73. 

[49] Pan W. Akaike's information criterion in generalized estimating equations. Biometrics. 2001; 
57:1. 

[50] Denham JW, Hauer-Jensen M. The radiotherapeutic injury--a complex 'wound'. Radiother 
Oncol. 2002; 63:2. 

[51] Barnett GC, West CM, Dunning AM, Elliott RM, Coles CE, Pharoah PD, et al. Normal tissue 
reactions to radiotherapy: towards tailoring treatment dose by genotype. Nat Rev Cancer. 
2009; 9:2. 

[52] Bentzen SM. Preventing or reducing late side effects of radiation therapy: radiobiology 
meets molecular pathology. Nat Rev Cancer. 2006; 6:9. 

[53] Stubblefield MD. Radiation fibrosis syndrome: neuromuscular and musculoskeletal 
complications in cancer survivors. Pm R. 2011; 3:11. 

[54] Hojan K, Milecki P. Opportunities for rehabilitation of patients with radiation fibrosis 
syndrome. Reports of Practical Oncology and Radiotherapy. 2014; 19:1. 

[55] Fajardo L, Morphology of radiation effects on normal tissues. Principles and Practice of 
Radiation Oncology Second ed. C. Perez and L. Brady1992, Philadelphia, PA: J.B. Lippincott 
Company. 



Linking CHHiP data with GP records of patients.  21 

 

[56] Williams JP, Johnston CJ, Finkelstein JN. Treatment for Radiation-Induced Pulmonary Late 
Effects: Spoiled for Choice or Looking in the Wrong Direction? Current drug targets. 2010; 
11:11. 

[57] Rosewall T, Catton C, Currie G, Bayley A, Chung P, Wheat J, et al. The relationship between 
external beam radiotherapy dose and chronic urinary dysfunction--a methodological 
critique. Radiother Oncol. 2010; 97:1. 

[58] Fiorino C, Rancati T, Valdagni R. Predictive models of toxicity in external radiotherapy: 
dosimetric issues. Cancer. 2009; 115:13 Suppl. 

[59] Fellin G, Fiorino C, Rancati T, Vavassori V, Baccolini M, Bianchi C, et al. Clinical and dosimetric 
predictors of late rectal toxicity after conformal radiation for localized prostate cancer: 
Results of a large multicenter observational study. Radiotherapy and Oncology. 2009; 93:2. 

[60] Azria D, Bourgier C, Brengues M. One Size Fits All: Does the Dogma Stand in Radiation 
Oncology? EBioMedicine. 2016; 10. 

[61] Herskind C, Talbot CJ, Kerns SL, Veldwijk MR, Rosenstein BS, West CM. Radiogenomics: A 
systems biology approach to understanding genetic risk factors for radiotherapy toxicity? 
Cancer Lett. 2016; 382:1. 

[62] Weigel C, Veldwijk MR, Oakes CC, Seibold P, Slynko A, Liesenfeld DB, et al. Epigenetic 
regulation of diacylglycerol kinase alpha promotes radiation-induced fibrosis. Nature 
Communications. 2016; 7. 

[63] Zaorsky NG, Shaikh T, Ruth K, Sharda P, Hayes SB, Sobczak ML, et al. Prostate Cancer 
Patients With Unmanaged Diabetes or Receiving Insulin Experience Inferior Outcomes and 
Toxicities After Treatment With Radiation Therapy. Clin Genitourin Cancer. 2016; 8:16. 

[64] de Souza VB, Silva EN, Ribeiro ML, Martins WdA. Hypertension in Patients with Cancer. 
Arquivos Brasileiros de Cardiologia. 2015; 104:3. 

[65] Sarfati D, Koczwara B, Jackson C. The impact of comorbidity on cancer and its treatment. CA 
Cancer J Clin. 2016; 66:4. 

[66] Azria D, Betz M, Bourgier C, Jeanneret Sozzi W, Ozsahin M. Identifying patients at risk for 
late radiation-induced toxicity. Crit Rev Oncol Hematol. 2012; 84:1. 

[67] Budäus L, Bolla M, Bossi A, Cozzarini C, Crook J, Widmark A, et al. Functional Outcomes and 
Complications Following Radiation Therapy for Prostate Cancer: A Critical Analysis of the 
Literature. European Urology. 2012; 61:1. 

 
 

 



Linking CHHiP data with GP records of patients.  22 

 

Tables and Figures  

 

List of tables  

Table 1. Illustration of the type of data extracted and linked from A) GP records and B) CHHiP trial 

Table 2. Illustration of data extracted from CHHiP dataset to be linked with GP records of CHHiP 

patients. 

 

List of Figures  

Figure 1. The plan of data analysis 

 

  



Linking CHHiP data with GP records of patients.  23 

 

Table 1. Illustration of the type of data extracted and linked from A) GP records and B) CHHiP trial 

Source of 

data  

Type of data extracted Timelines 

A)  

RCGP 

RSC GP 

records 

Records of co-morbidities: 

 cardiovascular conditions 

 diabetes 

Records of prescription medications 

 cardiovascular medications such as statins, 

anticoagulants, heart medications, 

antihypertensives, erectile dysfunction 

medications 

 diabetes medications eg. metformin  

 antimuscarinics or alpha blockers 

 rectal steroids 

Records of hospital procedures (if recorded): 

 cystoscopy 

 TURP 

 bladder neck incision 

 salvage prostatectomy 

 hip fracture 

 hip replacement 

 sigmoidoscopy 

 colonoscopy 

 argon laser coagulation 

 hyperbaric oxygen 

 records of prescribed incontinence pads 

Over time: 

 from 3 months before the start of 

radiotherapy 

 during radiotherapy  

 after radiotherapy (all data that is 

available) 

B)  

CHHiP 

clinical 

trial  

Patient and clinician-reported cancer and 

radiotherapy-related function, symptoms, 

bother, QOL and toxicity for the following 

health domains:  

 urinary  

 rectal  

 erectile 

 general health  

 physical function  

 

 

 

 

(Detailed list of tools and specific domains is 

in Table 2)   

Longitudinal, the following time 

points will be extracted: 

 initial assessment - pre-hormone 

therapy (baseline) 

 pre-radiotherapy  

 10 weeks after the start of 

radiotherapy (acute) 

 every 6 months, up to 2 years after 

the start of radiotherapy (long-term) 

 toxicity with RTOG collected 

weekly during radiotherapy and 

then at 10, 12, 18 weeks and 12 

months after radiotherapy.  
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Table 2. Illustration of data extracted from CHHiP dataset to be linked with GP records of CHHiP patients. 

Information type Information retained in the study 

Unique patient ID CHHiP study ID 

 

Start of radiotherapy Date of start of radiotherapy  

 

Personal identifiers for linking NHS numbers (hashed), date of birth (hashed), postcode (converted into Lower Super Output Areas (LSOA))  

 

Randomisation group Standard schedule (control group): 74Gy (37 fractions(f)); hypofractionated schedule 1: 60Gy (20f); hypofractionated 

schedule 2: 57Gy (19f) 

 

Baseline information Recruitment centre, age, tumour stage, co-morbidities, previous TURP, medications  

 

Source Tool Domain of health Timeline Scoring scale  

PROs data 

SF-36 General Health, Physical Function 

Scales 

Initial assessment - pre-hormone (baseline) 

Pre-radiotherapy  

10 weeks after the start of radiotherapy 

(acute) 

Every 6 months after the start of 

radiotherapy. Up to 2 years after 

radiotherapy (long-term). 

Scored on a Likert scale. Scores 

converted to a 0–100 scale (0 

representing worst outcome and 100 

representing best outcome). 

SF-12 

UCLA-PCI Urinary, Bowel and Sexual 

Domains EPIC 

FACT-P Additional Concern Scale (12 PCa 

and treatment specific items) 

Clinician 

reported data 

LENT/ SOM Rectal, Bladder/Urethra, Sexual 

Dysfunction Scales 
Graded 0-4 

RTOG (acute) Bladder and Bowel  Weeks: 1-8,10, 12 and 18 

Graded 0-5 

RTOG (late) Urinary Symptoms: Average 

daytime frequency, Nocturia, 

Incontinence. Bowel Symptoms: 

Frequency, Rectal bleeding. 

Erectile Potency. 

12 months 

 

 


