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crentes. 

A metade que avança é crente, a metade que 

confirma é céptica. 

Mas o cientista perfeito é também jardineiro: 

acredita que a beleza é conhecimento. 
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Abstract 

 

The discovery of anti-TNF-α drugs revolutionized the treatment of inflammatory 

bowel disease (IBD). However, a considerable portion of patients don’t respond to 

treatment or lose response over time. Loss of response is frequently managed 

empirically. Therapeutic Drug Monitoring (TDM) is an emergent alternative strategy 

in the management of IBD patients.  Measuring drug levels and anti-drug antibodies 

(ADA) levels may help clinicians to adjust therapy on an individual patient basis. A 

correct use of TDM in clinical practice relies on the knowledge of pharmacokinetic 

(PK) properties that influence treatment response and the accurate use of assays for 

the detection of drug and ADAs. 

The overall aim of this thesis was to understand the impact of methodological and PK 

factors on TDM approach in IBD patients under anti-TNF-α antibodies.  

We have assessed the impact of different assays on results and consequent biases on 

TDM interpretation. This work demonstrated that the presence of IFX influences 

significantly the detection of ADA and that this impact is assay dependent. Our data 

also showed that the amount of ADA modulates the impact of IFX in all assays. 

Furthermore, serum samples double positive (IFX+/anti-IFX+) and double negative 

(IFX-/anti-IFX-) lead to higher disagreement between assays, indicating the need for 

careful decision making in these situations.  Our work was the first to show that, a 

recently developed methodology, the rapid test, could substitute old methodologies 

(ELISAs) in TDM, revolutionizing the way physicians use TDM in their clinical 

practice. The rapid test, as well as ELISA assays, were tested for evaluation of drug 

levels of biosimilars of IFX, CT-P13 and SB2. This work exposed that mostly all assays 

showed a good performance with exception of ELISA Sanquin for CT-P13. 

In this work TDM was used to assessed pharmacokinetics properties in ulcerative 

colitis (UC) patients treated with anti-TNF-α agents. Our data demonstrated that IFX 

trough levels correlated with endoscopic remission and low degree of inflammation 

in UC patients indicating that TDM may be used to discriminate PK and 
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pharmacodynamic reasons for therapy failure. Nevertheless, in clinically-stable UC 

patients ADA presence was the main factor influencing PK of IFX. Our study revealed 

a strong advantage to include TDM (namely, determination of ADA) alongside with 

faecal calprotectin (FC) assessment in clinically-stable UC patients. 

Overall, presented data supports that TDM-based strategy should be recommended 

in scenarios of a) loss of response guiding physicians to discriminate among PK and 

PD reasons for therapy failure; and b) predict loss of response combining TDM with 

biomarkers assessment, namely, FC, in stable patients.  Moreover, TDM management 

must be constantly integrated with the recognition of methodological related biases 

and with individual clinical evaluation. Both drug and ADAs must be assessed by the 

same assay throughout time. If not possible, physicians must be aware of potential 

methodological biases in results interpretation. 
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Resumo 

 
A descoberta dos anticorpos anti-TNF-α revolucionou o tratamento da doença 

inflamatória intestinal (DII). No entanto, uma parte considerável dos doentes não 

responde ao tratamento ou perde a resposta ao longo do tempo. A perda de resposta 

é frequentemente gerida de forma empírica. A monitorização terapêutica de fármacos 

(MTF) é uma estratégia emergente no tratamento de doentes com DII. A avaliação dos 

níveis de fármaco e dos níveis de anticorpos anti-fármaco (AAF) pode ajudar os 

médicos a ajustar a terapêutica de forma individualizada. O uso adequado da MTF 

depende do conhecimento das propriedades farmacocinéticos que influenciam a 

perda de resposta e do uso correto dos métodos para a deteção dos níveis de fármaco 

e AAF.   

O objetivo geral desta tese foi compreender o impacto dos fatores metodológicos e 

farmacocinéticos na abordagem com MTF em doentes com DII tratados com 

anticorpos anti-TNF-α. 

Avaliámos o impacto de diferentes ensaios nos resultados e consequentes vieses na 

interpretação da MTF. Este trabalho demonstrou que a presença de fármaco influencia 

significativamente a deteção de AAF e este impacto varia consoante a metodologia. Os 

nossos resultados também demonstraram que a quantidade de AAF modula o impacto 

da presença de fármaco em todos os ensaios. Além disso, nas amostras de soro 

duplamente positivas (IFX+/anti-IFX+) e duplamente negativas (IFX-/anti-IFX-) 

observou-se uma discordância significativa entre os ensaios, indicando a necessidade 

de um cuidado adicional na aplicação da MTF nessas situações. O nosso trabalho inclui 

o primeiro estudo a demonstrar que a metodologia recentemente desenvolvida, o teste 

rápido, pode substituir as metodologias antigas (ELISAs) na MTF, revolucionando a 

forma como os médicos usam a MTF na sua prática clínica. O teste rápido, bem como 

teste ELISA, foram também testados para avaliação dos níveis de fármacos dos 

biossimilares do IFX: o CT-P13 e o SB2. Este trabalho mostrou que a maioria dos 
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ensaios apresenta um bom desempenho, com exceção do ELISA Sanquin para o CT-

P13. 

Neste trabalho a MTF foi utilizada para avaliar as propriedades farmacocinéticas em 

doentes com colite ulcerosa tratados com agentes anti- TNF-α. Os nossos resultados 

demonstraram que os níveis mínimos de IFX se correlacionam com remissão 

endoscópica e baixo grau de inflamação em doentes com colite ulcerosa, indicando 

que a MTF pode ser usada para discriminar as razões de perda de resposta. Já em 

doentes com colite ulcerosa, mas clinicamente estáveis, a presença de AAF mostrou 

ser o fator principal a influenciar a farmacocinética do IFX. Desta forma, existe uma 

grande vantagem em incluir a MTF (em particular, a determinação de AAF) 

juntamente com a avaliação de calprotectina fecal (CF) em doentes com colite ulcerosa 

clinicamente estáveis. 

Este trabalho mostra que a estratégia baseada na MTF deverá ser recomendada em 

cenários de a) perda de resposta, permitindo aos médicos discriminar entre razões de 

farmacocinética e farmacodinâmica para o insucesso do tratamento; e b) em doentes 

estáveis para predizer a perda de resposta, desde que combinada com avaliação de 

biomarcadores, nomeadamente a CF. Além disso, a utilização da MTF deve ser sempre 

integrada com a identificação de possíveis vieses metodológicos e a avaliação clínica 

do doente. Os níveis de fármaco e AAF devem ser avaliados pelo mesmo ensaio ao 

longo do tempo. Se não for possível, os médicos devem estar cientes dos possíveis 

vieses metodológicos na interpretação dos resultados. 
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1. Inflammatory Bowel Disease 

 
Inflammatory Bowel Disease (IBD) is a group of inflammatory disorders of the 

gastrointestinal tract, including two major diseases: Crohn’s Disease (CD) and 

Ulcerative Colitis (UC). Both conditions are idiopathic, chronic and relapsing, and 

although there are some overlap features, they are separate conditions with distinct 

pathologic and clinical features [1-3]. 

Crohn’s Disease presents a transmural (all layers from mucosal to serosa) 

inflammation that can affect any part of the gastrointestinal tract, from the mouth to 

the anus, but typically affects gut segments as the ileum, colon or both [4]. Though, 

CD presents normally an inflammatory phenotype at time of diagnosis it evolves 

frequently to a more aggressive phenotype with strictures, fistulas, or abscesses [4, 5]. 

Ulcerative Colitis is characterised by inflammation limited only to mucosal surface 

and affects colon and the rectum. The rectum is usually the first segment impacted and 

inflammation either remains localized or extends proximally through the entire colon 

[6, 7].  

1.1. Epidemiology 

 
Traditionally IBD was considered a western disease affecting mainly Caucasians 

across Europe, North America and Australia. The incidence and the prevalence of UC 

and CD seems to be stabilizing in these regions, while in the Middle East and Asia an 

increase has been reported [8, 9]. Table 1 shows the highest annual incident and 

prevalence rate reported for IBD [1]. Western incidence and prevalence is still higher 

than the rest of the word. Portugal is between the highest and the lowest prevalence 

of European countries, showing an IBD prevalence of 146 patients per 100 000 persons 

in 2007 and an annual incidence around 15 per 100 000 person-years[10]. Urban areas 

and higher social economic classes present a higher prevalence of CD than rural areas 

and lower social economic classes. IBD is an emerging global disease present in 

societies at all levels of socioeconomic development [1, 8, 9, 11]. 
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Table 1. Highest incident and prevalence rate reported for IBD (data from World 
Gastroenterology Organization, reported in 2015 [1]). 

 

1.2. Pathophysiology of IBD 

The ethology of IBD is unknown, nonetheless it is believed to arise in genetically 

susceptible individuals. Bowel inflammation in these individuals seems to be 

triggered by uncontrolled immune response after interaction between commensal gut 

flora and an unknown environmental agent or modifier [1, 12, 13]. 

 

Figure 1 – Factors contributing to the onset of Inflammatory Bowel Disease. 

1.2.1. Impaired immune response 

The initiating causes are unclear. It is believed that the primary mechanism of 

inflammation in IBD is immune mediated, after barrier failure to enteric flora. T-cells 

 Highest annual incidence  

(per 100,000 person-year) 

Highest prevalence (per 

100,000 person) 

UC CD UC CD 

Europe 24.3 12.7 505 322 

Asia/Middle East 6.3 5.0 114 29 

North America 19.2 20.2 249 319 

Australasia 11.2 17.4 145 155 
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and macrophages activation leads to secretion pro-inflammatory cytokines (IL-1, IL-6, 

IL-8, IL-12, IL-17, IFN-g, IL23, IL13, IL5 and TNF-α) and downregulatory cytokines (IL-

10, and TGF-β) in the lamina propria [9, 14, 15]. The inability to ensure an equilibrium 

between both pro- and anti-inflammatory cytokines may generate chronic 

inflammation. Indeed, the onset of the chemokine gradient leads to recruitment of 

leukocytes to the site of inflammation, transmigration of neutrophils, and consequent 

tissue damage by metalloproteases, cytokines, growth factors, reactive substances and 

other mediators. These leads to amplification of the inflammatory response and 

disruption of the epithelial barrier which itself causes additional ingress of enteric flora 

and their products (Figure 2) [11, 12, 14]. 

 

Figure 2 – Immune mechanisms involved in the pathogenesis of IBD (scheme was adapted 
from Rampton, 2016 [11]). 

1.2.2. Genetic susceptibility 

Both UC and CD present genetic susceptibility in about 8-15% and 12-15% of the cases, 

respectively [4, 7, 9]. The risk is particularly high in first-degree relatives. The lifetime 

risk of developing UC and CD is around 1-6 and 2-5% among non-Jewish populations 

and 4-5 and 7-8% among Jewish populations, respectively [16]. African Americans and 

Asian descents are linked to a lower risk of CD [17, 18]. A meta-analysis of genome-
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wide association scans (GWAS) of large cohort IBD patients showed 163 disease-

related genetic loci. Of the 163 loci, 110 were associated with both IBD conditions, 23 

were associated only to UC and 30 only to CD [19]. Most of these genetic differences 

are implicated in several disease mechanisms such as mucosal barrier function or 

immune regulation. Homozygous NOD2 gene mutation is associated to a forty-fold 

increased risk for CD [11, 17, 20]. NOD2 polymorphism confer CD predisposition by 

altering immunorecognition of the constituents of bacterial flora and by modifying 

activation of nuclear transcription factor, NF-κB [11, 20]. Mutation of autophagy 

related genes (ATG16L1) result in increase of intracellular bacterial load [21]. 

Polymorphism of the gene encoding interleukin-23 receptor (IL-23R) can lead to an 

upregulation of interleukin (IL23) resulting in generation of Th17 effector cells, 

increasing interleukin 17 (IL-17) and consequently augmenting inflammation [22]. 

Nevertheless, no single susceptibility gene is sufficient to lead to disease. Gene-

environmental interactions may be required for full development of the disease. 

 

1.2.3. Environmental triggers 

Several environmental factors have been attributed to IBD onset. Western diet has 

been associated to the pathogenesis of IBD. Indeed, high intake of fats, sugar and 

animal protein in meat and fish has been linked to an increased risk of IBD whereas 

high fruit and fibre intake have been seen to be protective [23]. Smoking showed to be 

a major risk for the onset of CD and for the disease presentation. Instead, for UC seems 

to have a protective role [24]. Pharmacological agents can also act as risk factors for 

IBD. Non-steroids anti-inflammatory drugs (NSAIDs), antibiotics, oral contraceptives 

and hormone replacement therapy have been described as possible risk factors [25-28]. 

Hygiene may also explain increasing IBD prevalence in newly developed countries 

since rigorous sanitary conditions may decrease early exposure to selected pathogens, 

reducing microbial diversity and augmenting risk factors for disease development 

[12]. 
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1.2.4. Microbial flora 

The role of gut microbial flora in the onset and pathogenesis of IBD has been reported 

in several studies [29, 30]. Gut microbiota is fundamental in the maturation and 

maintenance of normal mucosal immunity. It acts as a metabolic organ being an 

important barrier to the colonisation of pathogens and contributing to the production 

of short chain acids and vitamins.  

While some microbial products have anti-inflammatory properties, others promote 

inflammation in susceptible individuals. In healthy individuals, pro-inflammatory 

toll-like receptors (TLR) and NOD-like receptors (NLR) pathways, are blocked by 

inhibitory molecules such as IL-10 and TGF-b [30]. When this homeostasis is disturbed, 

the state of immune tolerance is threatened and may result in gut inflammation. 

1.3. Pharmacologic therapy 

Pharmacological therapy for IBD is traditionally managed by a “step-up” strategy. 

Corticosteroids are usually initiated at the time of diagnosis or at disease flares [1, 31]. 

For UC, aminosalicylates are added to corticosteroids at mild to moderate active 

disease and alone for maintenance of remission [32, 33]. For CD, conventional 

immunosuppressive agents such as methotrexate and thiopurines (azathiopurine and 

mercaptopurine) are added to corticosteroids dependents or when flares are recurrent 

[5, 34]. If disease is still active or thiopurine intolerant, treatment with biological agents 

are usually the next step. Several biologic agents are available: antagonists to tumour 

necrosis factor α (anti-TNF-α) and antagonist to α4β7 integrin, for both UC and CD, 

and antagonist to p40 subunit of IL12 and IL23 only for CD [1, 5, 31-34]. 

Although, IBD pharmacologic therapy is developing quickly, with many new 

therapeutic agents under research that are likely to alter therapeutic approaches 

deeply in the next decade. 
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1.4. Antagonists to TNF-α 

Tumour necrosis factor-α (TNF-α) is a proinflammatory cytokine that plays a central 

role on the inflammatory cascade that leads to chronic inflammation in IBD. TNF-α, 

produced mainly by activated macrophages and lymphocytes, promotes apoptosis 

and inflammatory response through activation of Nf-κB pathway [35]. Anti-TNF 

drugs are antibodies, produced by genetic engineering, that block TNF-α, thus 

supressing the inflammatory process mediate by this cytokine [36]. Several studies 

suggest a more complex function of TNF-α antagonists beyond simple neutralization. 

The putative mechanisms of action of anti-TNF-α are described in Table 2 [37]. 

Antagonists of TNF-α neutralize directly soluble and membrane form of TNF-α, but 

also modulate immune system facilitating inflammation resolution. These agents are 

also able of reverse signalling, induce apoptosis and induce both antibody-dependent 

cellular cytotoxicity and complement-dependent cytotoxicity. 

Several anti-TNF-α inhibitors were approved for the treatment of IBD: infliximab 

(IFX), adalimumab (ADL), certolizumab pegol (for CD in the USA only) and 

golimumab (for UC). 

 

 

Figure 3 – Anti-TNFs antibodies approved for IBD therapeutic and potential impact of 
molecular structure on immunogenicity. 
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Table 2 – Mechanism of action of anti-TNF-α [37]. 
Mechanism of action 

of anti-TNF-α  
Description 

TNF-α neutralization 
 

 
TNF-α antagonists bind both soluble 
TNF-α (sTNF-α) and membrane-bound 
form of TNF (m TNF-α). Affinity of anti-
TNF antibodies to sTNF has been reported 
higher than mTNF-α for some anti-TNFs 
antibodies. However, neutralization of 
mTNF seems to be more important than 
sTNF in IBD therapy.  

 

Modulation of the 
immune system 

 
Anti-TNFs antagonists reduce 
proinflammatory T cells subsets and 
induce regulatory macrophages 
facilitating inflammation resolution. 

 

Reverse signalling or 
Outside-to-inside 

signalling 
 

 
mTNF acts not only as a ligand but also as 
a receptor. Reverse signalling presents 
resistance to bacterial LPS; enhanced 
secretion of IL-2 and IFN-γ; upregulation 
of E-selectin in T-cells; induced expression 
of IL-10; activation of ROS accumulation 
and increased apoptosis induced G0/G1 
cell cycle arrest. 

 

 

 
Direct Apoptosis of 

inflammatory immune 
cells 

 
Anti-TNFs (namely IFX) induced direct 
apoptosis of monocytes and Tcells in a 
caspase-dependent way. 

 

Indirect Apoptosis of 
inflammatory immune 

cells 

 
Indirect apoptosis may occur if anti-TNF 
binds to mTNF preventing TNFR2 
activation by mTNF. TNFR2 activation 
leads to NfkB induction followed by IL-6 
production, and subsequent T cell 
resistance to apoptosis. 

 

Antibody-dependent 
cellular cytotoxicity 

(ADCC) and 
complement-dependent 

cytotoxicity (CDC) 

ADCC is a mechanism of action of 
antibodies that possess Fc domain. After 
binding of anti-TNF to mTNF, Fc domain 
is recognised by NK cells that release 
cytotoxic proteins that subsequently 
result in lysis of the target cell (cytolysis). 
Binding of antibodies to target cells may 
also activate complement system (CDC). 
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Infliximab was the first protein-based therapy against TNF-α available in the market 

for IBD treatment. Infliximab is a chimeric monoclonal IgG1 antibody against TNF-α. 

It presents 25% murine variable region and 75% human constant region and binds both 

to the soluble TNF-α (in its monomeric and trimeric form) and membrane-bound TNF 

(mTNF-α) [38]. Adalimumab and Golimumab are fully human IgG1 antibodies against 

both sTNF-α and mTNF-α. Both have been described as less immunogenic than 

infliximab due to full human origin [39, 40]. Certolizumab pegol is a pegylated 

humanized monoclonal Fab-fragment against both forms of TNF-α [39] (Figure 3). 

1.5. Biosimilars 

Therapeutic proteins (or biologics) have transformed the management of IBD patients 

and other immunoinflammatory diseases. These drugs account for almost 20% of total 

pharmaceutical sales market [41]. Recently, some important therapeutic antibodies, 

such as infliximab and adalimumab, have expired their patents and several 

pharmaceutical companies developed new similar products called biosimilars. The 

U.S. Food and Drug Administration (FDA) describes a biosimilar as a biological 

product that has been tested to be highly similar to the reference biological product, 

and with no significant clinical differences related to safety, purity and potency, 

despite minor differences in clinically inactive components [42]. 

Remsima® and Inflectra® are the first biosimilars produced based on the original 

infliximab- Remicade® (CT-P13) and have been approved by regulatory agencies for 

use (2013 – European Medicines Agency (EMA); 2016 – United States Federal Drug 

Administration (FDA)). A second infliximab biosimilar has been produced – Flixabi® 

(SB2) and approved by regulatory agencies for use (2016 – EMA; 2017 – FDA) [43]. 

A biosimilar cannot been seen as an exact copy of its originator. These compounds are 

derived from living organisms resulting in minor differences inherent of such a 

complex production. There are important differences in the degree of fucosylation, 

mannosylation and galactosylation, notwithstanding these differences have no impact 
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on the clinical properties [44]. It is uncertain if antibodies to the original drug may 

cross-react to the biosimilars. With the growth of biosimilars in IBD patient’s 

management due to its lower price, one might expect the need to use TDM also in IBD 

patients under biosimilars. The role of TDM for biosimilars is therefore of growing 

interest. 

1.6. Calprotectin – a inflammation biomarker 

Secondary loss of response is typically referred when a patient responds to treatment 

during induction period but loses response to treatment during maintenance. 

Additional definitions have been suggested for loss of response or therapy failure: 

starting a new immunomodulator or biological drug, switching immunomodulator, 

regime intensification of current biological (increasing dose or decreasing interval), 

switching biological or need to undergo bowel-related surgery. Usually response and 

remission are determined using clinical symptoms indices: Mayo score for UC and 

Harvey Bradshaw index for CD. Higher scores are associated with disease activity [45]. 

Disease activity measurement based only in clinical symptoms may be ambiguous and 

clinicians often use other tools to support diagnosis. A combination of clinical features, 

endoscopy, histology, radiology and laboratory assessments are often required. Some 

of these exams are invasive (endoscopy, histology) and expensive. Laboratory exams, 

such as blood and stool analyses, are non-invasive, cheaper and faster than other 

procedures, alleviating patients from physical and financial burden [46, 47]. 

Calprotectin is a calcium and zinc-binding protein present mainly in neutrophil 

granulocytes but can also be found on the membrane of monocytes, macrophages and 

epithelial cells, in lower concentrations. Calprotectin has anti-microbial and anti-

inflammatory properties and represents around 60 % of the protein content on the 

neutrophil’s cytosol [48, 49]. In the presence of inflammation in the gastrointestinal 

tract, neutrophils migrate from the circulation to the affected mucosa. Active 

inflammation leads to changes in the epithelial barrier resulting in impaired 

permeability and neutrophils leakage to the lumen. During this process, calprotectin 
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is released to the lumen and consequently to the feces [49]. Fecal calprotectin (FC) has 

been considered a highly sensitive biomarker of intestinal inflammation. Studies have 

shown a high correlation between calprotectin concentration in the feces and intestinal 

inflammation [50]. This biomarker is stable in feces for 7 days, at room temperature 

and was reported to be distributed homogenously in feces [49]. 

2. Therapeutic Drug Monitoring 

Infliximab and adalimumab have been approved for the treatment of moderate to 

severe CD, when conventional therapy (corticosteroids and/or immunosuppressant 

drugs) failed to respond [1, 5, 34], and for UC as a rescue therapy in corticosteroid-

refractory severe disease [1, 32]. Both agents induce sustainable clinical response in 

IBD. Anti-TNF agents have been described to reduce hospitalizations and surgery 

rates in patients with IBD [51]. Nevertheless, about 20-30% patients fail to respond 

favourably in induction period (primary non responders) and up to 40% of patients 

sooner or later experience treatment failure (secondary non responders) [52, 53]. The 

loss of response may be related to immunogenicity (development of antibodies against 

TNF-α antagonists), individual differences in bioavailability, pharmacokinetics factors 

or other factors that increase drug clearance [53]. Before switching to another 

therapeutic class optimization of dose regimen and combination therapy might help 

these patients. 

 2.1. Clinic-based approach to drug optimization 

When treatment with anti-TNF-α fails, clinicians need to act promptly to ensure 

treatment salvage. There is a risk of irreversible tissue damage since long-term periods 

with uncontrolled disease may lead to disease progression [54, 55]. Clinic-based 

approach relies in patients’ symptoms and a “trial and error” strategy. Guidelines 

suggest handling non responders with a stepwise approach until a response is 

achieved. Firstly, with regime intensification of current anti-TNF-α (increasing dose or 

decreasing interval). Secondly, switching to other anti-TNF-α; and finally changing to 
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another class of drugs. Concomitant treatment with conventional immunosuppressive 

agents, co-treatment with corticosteroids and surgery is also suggested [31, 56, 57]. 

Unsuccessful trials lead not only to a negative impact on patients’ clinical status, but 

also to significant financial burden. In IBD, TNF-α antagonists represent the highest 

healthcare cost being higher than surgery and medical hospitalisation costs [58, 59]. 

Chronic diseases such as CD and UC also have a significant impact in indirect disease 

related costs. Treatment failure has immediate impact on patients due to diminished 

productivity and leave use increase; and on their extended family due to the potential 

need to use leave to care for the IBD patient  [58]. 

2.2. Therapeutic Drug Monitoring reactive approach to drug 

optimization 

A tailored approach to drug optimization may be an alternative to a clinical-based 

strategy. Rather than handling patients as equal, applying a standardized treatment to 

all patients who lose response, one can adjust treatment according to individual 

characteristics. The complexity of clinical and disease characteristics and the 

involvement of numerous genes, cytokines and metabolites in drug response result 

that a given drug can be effective in a group of individuals and ineffective in others. It 

is also reported that some individuals experience adverse effects while others are not 

affected [60]. 

The use of therapeutic drug monitoring, by measuring drug and anti-drug antibodies 

in the blood, may help obtaining the highest therapeutic benefit with the lowest 

adverse effect. It can also aid to identify the underlying cause to therapy failure, which 

may include pharmacokinetic and pharmacodynamic factors and immunogenicity. 

2.3. Pharmacokinetics and Pharmacodynamics of anti-TNF-α drugs 

The mechanism of action of anti-TNF-α drugs was previously summarized in Table 2. 

Lack of response to anti-TNF-α drugs may be related with other significant 

inflammatory routes independent of TNF-α pathway [61]. Pharmacodynamics of anti-
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TNF-α drugs seems to be influenced by patient´s individual variability. Indeed, the 

efficacy of anti-TNF-α drugs differs between individuals presenting comparable drug 

levels [62]. It has been reported that even with high circulating levels of anti-TNF-α 

drugs, several patients do not respond to treatment (primary non-responders) or lose 

response to treatment over time (secondary non-responders) [52, 53]. In such scenario, 

other mechanism of action rather than TNF-α must be present. 

Pharmacokinetics (PK) of monoclonal antibodies is different from PK of conventional 

small drugs. As anti-TNF-α drugs are large molecules, administration is often 

intravenous (e.g. Infliximab) or either subcutaneous or intramuscular (e.g. 

adalimumab, certolizumab). Intravenous route allows the administration of a large 

volume of drug resulting in less variability in drug exposure, due to immediate central 

distribution, and less immunogenicity. Extravascular administration uses smaller 

injection volumes and distribution seems to occur by lymphatic drainage resulting in 

individual variability of absorbed dose. Subcutaneous administration is often more 

immunogenic [63-66]. 

Due to large size and hydrophilic nature of antibodies, distribution occurs mainly 

within the central compartment (peripheral blood) with low tissue penetration, and 

therefore the volume of distribution is small (» 0.1 L/Kg) [64, 65]. The transport into 

the cells may likely occur via pinocytosis (fluid-phase endocytosis) in endothelial cells, 

or via receptor-mediated endocytosis through Fcg receptors present in immune cells 

membranes. At a lesser degree, transport may occur via convective transport across 

paracellular pores in the vascular endothelium [66-68]. 

The large size of anti-TNF-α antibodies (»150 KDa) prevents renal elimination. Only 

small fragments of antibody (e.g. Fab portion) are filtered by the kidney and the 

majority of the filtered protein is reabsorbed by proximal tubular cells. Bile excretion 

represents a minor elimination pathway of anti-TNF-α, since only small quantities of 

antibodies are found in bile [68]. Thus, the elimination route of monoclonal antibodies 

seems to occur by intracellular proteolytic catabolism and comprise 3 main pathways: 
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a) pinocytosis with lysosomal degradation (fluid-phase endocytosis); b) degradation 

of internalised antibodies by receptor-mediated endocytosis process; and c) 

degradation of internalized antibody-antigen complex (target mediated endocytosis) 

[65, 66, 68]. 

Binding of Fab or Fc domain to cell surface receptors, triggers the internalization of the 

antibody into a vesicle and subsequent intracellular catabolism by proteases [66]. 

When the complementarity-determining region of the Fab fragments of the antibody 

bind to specific target in cell surface the endocytosis and the elimination is called 

target-mediated endocytosis (Figure 4b). The expression of the target, the dose of 

antibody and the affinity to the target influence the rate of elimination [66]. On the 

other hand, when Fc domain bind to Fcg receptors expressed in immune cells the 

endocytosis and elimination is called receptor-mediated endocytosis (Figure 4a). 

Fluid-phase endocytosis is an unspecific pathway of internalization into cells. After 

endosome formation, degradation may occur. In an acidic environment (pH 6.0) and 

the presence of Brambell receptor, FcRn, the antibody may be protected from 

degradation. When Fc domain binds to FcRn no degradation occurs in the endosome 

and IgG antibody is released again to the plasma and/or interstitial space [65]. This 

process not only contributes to IgG antibody homeostasis but also aids IgG antibody 

transport trough cells (Figure 4c). 

Absorption, distribution and elimination of anti-TNF-α drugs are affected by several 

variables related to the disease, to the patient, to the target antigen and to the structure 

of the drug. Several studies have tried to identify these variables. Buurman et al, 

showed that sex influences clearance of IFX (being 35% higher in males than in 

females) [69]. Body weight index was described to increase clearance as well. This 

increase seems to be mediated by a higher inflammatory load in obese patients [70, 

71]. Nevertheless, low weight patients show lower IFX trough levels probably because 

clearance is not linearly correlated to weight in these patients, but dosing is weight-

based [72]. Low albumin was reported to be associated to increased clearance. Low 

albumin and high CRP levels are markers of high inflammatory burden [70, 73]. 
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Figure 4 – Main elimination pathways of IgG antibodies drugs. 
 
 

The degree of inflammation is also a factor of enhanced clearance. Firstly, because of 

increase IgG catabolism by reticuloendothelial system, secondly, because high levels 

of TNF-α will consume faster the anti-TNF-α drug, and thirdly because during active 

intestinal inflammation there is a rise of intestinal permeability and consequent fecal 

loss of anti-TNF-α drug [65, 74]. The individual variability of Fcg receptors and/or 

FcRn receptors may also influence PK of anti- TNF-α antibodies, due to the importance 

of this receptors in anti-TNF-α elimination [75, 76]. Additionally, the formation of 

antibodies to the drug was reported to impact clearance of anti-TNF-α drug and 

consequently impact response to treatment [77]. 

2.4. Anti-TNF-α antibodies (ADAs) 

Treatment with anti-TNF-α drugs may provoke an immunogenic response leading to 

development of endogenous antibodies against the foreigner protein 

(immunogenicity). Formation of ADAs may affect treatment safety due to 

hypersensitivity reactions and reduce therapeutic efficacy of the drug and, in some 

cases, therapy failure [65, 77]. 

Antibody formation is triggered by the interaction of three main cells: antigen-
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presenting cells (APCs); T helper (Th) cells and B cells. Briefly, the therapeutic drug is 

recognized and engulfed by APC, through pinocytosis or receptor mediated 

endocytosis. Inside the cell, in the lysosomes, therapeutic drug is then degraded to 

small peptides. These peptides bind to the major histocompatibility complex class II 

(MHC II) which displays them at the surface of APC. Th cells will then recognize, 

through T cells receptors (TCRs), the complex MCH-antigen. In the presence of co-

stimulatory molecules, such as CD80 and CD86, provided by APC, Th cell is fully 

activated. Without co-stimulation with CD80 and CD86 molecules, Th cells are not 

activated. When fully activated, Th cells divide and generate a set of pro-inflammatory 

cytokines that recruit naïve B cells. IgM and IgD receptors of naïve B cells bind to the 

epitope of MCH-antigen-TCR complex and this interaction induces B-cells 

differentiation to memory B cells and production of antibody-secreting plasma cells 

[65, 78, 79]. 

Several factors may elicit the generation of endogenous antibodies. Route, dose and 

frequency of administration can contribute to immunogenicity. Indeed, subcutaneous 

administration is more immunogenic than intravenous administration and a single 

infusion was described in the ACCENT I study to be more immunogenic than 

maintenance regime every eight weeks (ADAs incidence: <9% for maintenance vs 28% 

for episodically) [80]. Individuals with higher level of tolerance to a foreigner protein, 

prolonged treatments may eventually invoke the formation of endogenous antibodies. 

Ungar et al, showed that 90% of sustained ADAs formation occurs during the first year 

and the first detection of ADAs happened on average 4.5 months after treatment 

initiation [81]. 

The nature of the anti-TNF-α drug also influences the degree of immunogenicity. In 

fact, immunogenicity decreases with the level of humanization of the antibody (fully-

human IgG < humanized IgG < chimeric IgG < murine IgG (Figure3) [65]). 

Size, structural complexity and protein sequence variation may affect as well. 

Therapeutic antibodies are produced in cell lines of mammals (human and non-

human), plants, bacteria, yeast and virus. During production, minor differences in 
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post-translational modification, such as glycosylation, may impact the 

immunogenicity. An immune response may be stimulated by the glycan structure 

itself or its presence may affect protein structure in a way that the protein becomes 

immunogenic [79, 82]. Process or product-related compounds such as impurities or 

additives may also impact immunogenicity. Even small amounts of impurities are able 

to invoke an immune response [83]. 

The amount of aggregates formed is directly correlated with the level of 

immunogenicity. Despite the developments in drug production over the last years, 

aggregates are one of the highest concerns of regulatory agencies, since their incidence 

may act as a strong activator of immune response of innate defense system [84]. 

Protein aggregation may occur in several steps of drug production, storage, transport 

and drug administration. 

Patients characteristics might also influence immunogenicity. Genetic differences, the 

type of disease and the immune status of the patient can influence the capacity to 

invoke a significant immune reaction. A higher immune reaction may be expected in 

patients with a highly active immune system. Bartelds et al. showed that rheumatoid 

arthritis (RA) patients positive for antibodies to adalimumab presented higher disease 

activity and C-reactive protein levels at baseline [85]. 

Concomitant treatment of anti-TNF-α and immunomodulators in IBD patients was 

described to lower incidence of ADAs. The SONIC trial showed prolonged response 

to treatment in patients with concomitant therapy when compared with monotherapy 

[86]. The combination therapy had showed to eliminate existing ADAs and regain 

clinical response [87]. 

2.5. Methodologies for measuring anti-TNF-α drugs and antibodies 

Awareness of the potential value of TDM has led to the development of different 

methodologies for assessing levels of anti-TNF-α and antibodies to anti-TNF-α. 

Numerous assays are available in the market, such as binding assays based on 

immunochemical processes, including solid or liquid phase immunoassays. The 
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available methodologies have different limitations and may yield different results. 

Therapeutic drug monitoring interpretation may be impacted by this potential bias. 

2.5.1. Anti-TNF-α drugs levels assays 

Levels of anti-TNF-α drug may be determined by distinctive assays. Figure 5 depicts 

three different methodologies. 

Enzyme-linked immunosorbent assays (ELISAs) are the most commonly used assays 

[88]. ELISA requires costly equipment, highly trained analysts, sample batching and 

is time-consuming (~8 hours). Figure 5 a) and b) represent the principle of the assay. 

The TNF-α (5a) or an antibody to anti-TNF-α (5b) drug is adsorbed passively onto the 

wells of a microtiter plate, by incubating for a few hours. After rigorous washing to 

remove unbound excess of the antigen, a blocking buffer (often, 1% bovine serum 

albumin (BSA)) is added to the plate to block nonspecific binding sites. Diluted serum 

samples are then added to the plate and anti-TNF-α present in the samples will bind 

to the antigen immobilized in the plate (TNF-α (5a) or an antibody to anti-TNF-α (5b)). 

After an hour of incubation for total binding, plate is washed again to remove 

unbound material. For detection, an antibody (anti-Fc domain or anti-TNF-α 

antibody) linked to an enzyme (horseradish peroxidase) is added to the plate. After, 

incubation period, the plate is washed again and a substrate to the enzyme 

(tetramethylbenzidine) is added. In the presence of the substrate a colorimetric 

product is formed, and the reaction is stopped with an acidic solution. The absorbance 

of the colorimetric product is measure at a specific wavelength [89]. 

 



30 
 

 

Figure 5 – ELISA and immunochromatography assays for drug assessment. 

The fluid phase homogeneous mobility shift assay (HMSA) is a high-pressure liquid 

chromatography (HPLC) base mobility assay. A fluorescent-labelled-TNF-α complex 

incubation with the serum is performed before injection in the chromatographic 

column. The molecular size separation in the chromatographic column allows the 

identification of free drug with a fluorescence detector (5c) [90]. 

Recently, a new rapid test was launched in the market. This new assay relays in the 

lateral-flow based assay technology which allows results in only 15 minutes. Figure 5 

d), e) and f) details the principle of this methodology [91]. 

Two anti-drug antibodies are used in this assay. One is immobilized in a 

chromatographic membrane (primary antibody), at the test line, the other, labeled 

with a colloidal gold conjugate, is impregned between the application pad and the 

chromatographic membrane. There is a third antibody (secondary antibody) that is 

use as test control (Figure 5 d)). 

Once a sample with anti-TNF-α drug is added to the cassette, the sample migrates 

through the membrane, binding first to the antibody labelled to colloidal gold 

(conjugate). This immunocomplex drug-conjugate continues through the 

chromatographic stream moving to the test and control zones. When the complex 
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drug-conjugate finds the primary antibody, they bind, and a positive reaction is seen 

by the red line in the test zone. Then, the excess of free conjugate binds to the secondary 

antibody and a red line is formed in the control zone. This line assures that the test is 

a valid test (Figure 5e)). 

In a non-drug sample, the conjugate (antibody labelled to colloidal gold) is carried by 

the chromatographic stream and binds only to the secondary antibody in the control 

zone and no colour is seen in the test line (Figure 5f)). 

The quantification of the drug is determined by an equipment which is able to scan 

the chromatographic membrane, by focusing light and measuring the reflected light 

attenuation by the surface of the membrane in the test line and control line. 

Still, more assays are available for the anti-TNF-α antibody levels determination. Less 

used because of the complexity of the assay and safety concerns (handling of 

radioactive material) are the radioimmunoassay’s (RIA). It uses the same principle of 

ELISA, but in a liquid-phase assay and with a radio-label antibody for detection step. 

2.5.2. Antibodies to anti-TNF-α levels drugs assays 

Assessing the levels of ADA in IBD patients under anti-TNF-α therapy is a challenging 

task. There is no gold standard for ADA levels determination. It is important to 

acknowledge that assay heterogenicity may decrease TDM accuracy, and 

consequently lead to erroneous clinical decisions. One of the main pitfalls of ADA 

assays is the drug presence in the serum sample, as the drug is an antibody itself [92]. 

Bridging ELISA assay is one of the most common commercial assays for ADA levels 

evaluation (Figure 6). This methodology has some drawbacks resulting in false 

positives and false negatives. False positives usually result from cross-binding of drug 

Fc-fragments with rheumatoid factors, activated complements and anti-allotypic 

antibodies present in the serum (Figure 6a)). The drug antibody pre-adsorbed to the 

solid phase uses ADA to ‘bridge’ with the enzyme-labelled drug antibody used for the 

detection phase. When other components, as rheumatoid factor, are able to mimic this 

‘bridge’, false positives may arise (Figure 6b)).  Drug presence may cause false negative 
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tests because ADA is already bound to the drug and cannot bind to the drug antibody 

pre-adsorbed in the plate, being lost in the washing steps (Figure 6c)). Additionally, if 

ADA are of the IgG4 type, that is functionally monovalent, it binds to the adsorbed 

antibody but is unable to bind to the enzyme-labelled drug antibody (Figure 6d)) [93, 

94]. 

 

 

Figure 6 – Bridging ELISA for ADA levels assessment 

To overcome these limitations other methodologies were developed. The anti-human 

lambda chain assay (AHLC) is an ELISA assay that uses a l light chain antibody 

labelled to enzyme for detection step (Figure 7a)) [89]. The anti-TNF-α antibodies are 

IgG-k light chains. On the other hand, the endogenous ADAs comprise both IgG-k and 

-l light chains. Using a l light chain antibody for detection step is likely to minimize 

drug interference. There are also some limitations to this assay. False negative tests 

may arise when detecting anti-idiotypic ADAs, since the TNF-α pre-adsorbed to the 

plate binds to idiotypes in the anti-TNF-α antibody precluding anti-idiotypic 

antibodies binding (Figure 7b)). Drug presence may also hamper ADAs detection with 

AHLC assay (Figure 7c)) [93]. 
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Figure 7 – AHLC ELISA for ADA levels assessment 

 

The semi-fluid phase enzyme immunoassay (SFPE) is an ELISA assay that uses an 

initial acid buffer treatment to dissociate the drug-ADA complex and two drug-

conjugates: a biotin labelled drug conjugate to immobilize ADA to the plate (pre-

treated with streptavidin), and a horseradish peroxidase (HRP) labelled drug 

conjugate for detection step. After immune complex dissociation at low pH, both drug-

conjugates bind to ADA and colour is formed in the presence of a substrate (Figure 8 

a)). However, when ADA binds to double biotin-labelled drug conjugate (Figure 8 b)) 

or to double HRP- labelled drug conjugate (Figure 8c)) false negatives may occur. 
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Figure 8 – SPFE assay for ADA levels assessment 

 

Though, it should be notice, that solid-phase methodologies may be hampered by 

artifacts, namely neoepitope formation due to aggregates formation in plastic surfaces 

and epitope masking resulting in false-positives and false-negatives results, 

respectively [89]. 

Liquid-phase methodologies are less artificial reproducing better in-vivo conditions. 

Fluid phase HMSA was described previously for anti-TNF-α antibody detection 

(Figure 5). For ADAs detection an extra step is added: an acidic treatment step to 

dissociate the drug-ADA complex, previous to incubation with the fluorescent-

labelled drug. Chromatographic separation in the column allows to detect ADAs that 

bind to the fluorescent-labelled drug [90]. 

Another fluid-phase assay, RIA, is used for ADA detection. Serum with ADA is 

incubated with radio-labelled drug, which after centrifugation is detected in a gamma-
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counter apparatus. As mentioned in Section 2.5.1, handling radioactive material arises 

safety concerns which turns this assay less attractive. 

For quantifying neutralizing ADAs, a cell-based assay was developed. The cell-based 

reporter gene assay (RGA) measures only levels of neutralizing ADAs. Briefly, human 

recombinant TNF-α is added to cell culture (earlier, transfected with reporter-gene 

construct encoding the enzyme firefly luciferase). The cytokine binds to its receptor, 

tumour necrosis factor receptor 1 (TNFR1), and intracellular signalling is then initiated 

through activation of Nf-κB. Transcription factor migrates to the nucleus where it 

activates transcription of reporter-gene. Cells are then lysed and by addition of a 

luciferase-catalysed substrate, light emission is quantified. When drug is added to 

TNF-α, the cytokine is neutralized, and no light emission is observed. On the other 

hand, if TNF-α is previously incubated with serum with ADAs, the drug is blocked by 

neutralizing-ADAs. TNF-α is then free to induce intracellular signalling and light 

emission is perceived [93]. 
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The aim of this investigation and presented in this thesis was to understand the impact 

of methodological and pharmacokinetic factors on TDM approach in IBD patients 

under anti-TNF-α antibodies. 

 

For this purpose, 3 objectives were defined and separated by chapters as follow: 

Chapter 1 – Systematic Review on IFX and ADL drug monitoring 

§ Evaluate the evidence available in this field through a systematic 

review on IFX and ADL drug monitoring (study I). 

 

Chapter 2 – Influence of methodology on drug levels and anti-drug antibodies  

§ Understand the impact of different assays on results and consequent 

biases on TDM interpretation (study II-V); 

§ Evaluate performance of IFX-originator-optimized assay in the 

assessment of IFX-biosimilars levels (study IV and V). 

 

Chapter 3 – Pharmacokinetic factors of anti-TNF-a antibodies and clinical targets 

§ Pharmacokinetic factors of anti-TNF-a antibodies and clinical targets 

and clarify TDM and biomarkers role to identify reasons to therapy 

failure (study VI and VII). 
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III. CHAPTER 1  
Systematic Review on Infliximab and Adalimumab Drug Monitoring 
 

 

 

 
Study I - “A Systematic Review on Infliximab and Adalimumab Drug Monitoring: Levels, 
Clinical Outcomes and Assays” 

 
Inflamm Bowel Dis. 2016 Sep;22(9):2289-301 
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IV. CHAPTER 2 
Influence of Methodology on drug levels and anti-drug antibodies  
 
 
 

Study II - “Detection of anti-infliximab antibodies is impacted by 

antibody titer, infliximab level and IgG4 antibodies: a systematic comparison 

of three different assays” 

Therap Adv Gastroenterol. 2016 Nov;9(6):781-794 

 

Study III - “Proactive therapeutic drug monitoring of infliximab: a 

comparative study of a new point-of-care quantitative test with two 

established ELISA assays” 

Aliment Pharmacol Ther. 2016 Oct;44(7):684-92 

 

Study IV - “Therapeutic drug monitoring of CT-P13: a comparison of 

four different immunoassays” 

Therap Adv Gastroenterol. 2017 Sep;10(9):661-671 

 

Study V - “The performance of Remicade®-optimized quantification 

assays in the assessment of Flixabi® levels” 

Therap Adv Gastroenterol. 2018 Sep 23;11:1756284818796956 
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V. CHAPTER 3  
Pharmacokinetic Factors of Anti-TNF-a Antibodies and Clinical targets 

 
 

Study VI - “Calprotectin and the Magnitude of Antibodies to Infliximab 
in Clinically-stable Ulcerative Colitis Patients are More Relevant Than 
Infliximab Trough Levels and Pharmacokinetics for Therapeutic Escalation” 

 
EBioMedicine. 2017 Jul;21:123-130 

 
 

Study VII - “Clinical performance of an infliximab rapid quantification 
assay” 

Therap Adv Gastroenterol. 2017 Sep;10(9):651-660 
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The discovery of anti-TNF-a agents and the recognised success in the treatment of IBD 

patients, allowed physicians to aim for more than merely clinical remission, with the 

control of symptoms. Induce endoscopic remission and mucosa healing are now the new 

goals of IBD treatment. Despite the success of these agents, some patients do not respond 

to induction treatment and others lose response over time. Several mechanisms may be 

related with loss of response, but immunogenicity to the drug itself seems to have an 

important role. Antibodies to TNF-a are large proteins synthesised by living organisms 

administrated in considerable doses, and consequently these agents have the ability to 

invoke the formation of antibodies to the drug. The level of the drug available to block 

TNF-a and modulate immune response may also impact loss of response. Measuring 

drug and anti-drug antibodies levels in patients under anti-TNF-a antagonists may help 

to understand the underlying causes of loss of response.  

1. Chapter 1 – Systematic Review on IFX and ADL drug monitoring 

A systematic review on this subject was the first step of this research. Studies that 

presented the following characteristics were identified: a) cut-off levels of both IFX and 

ADL TL and antibodies to the drug; b) correlation with clinical outcome; and c) detailed 

information of the assays used. Of the 1237 studies identified through queries only 15 

were selected for subsequent analysis. An additional 5 were added for subsequent 

analysis after searching abstracts from major IBD conferences (ECCO, UEGW and 

DDW).  This work revealed that the cut-offs assessed by ROC curve analysis were 

significantly different between studies. For drug levels, Papamichaiel et al [95] suggest 

TL> 12,8 µg/mL to predict short-term mucosa healing; Echarri et al [96] propose TL> 3 

µg/mL for sustained remission; and Adedokun et al [97] recommend TL> 41 µg/mL for 

clinical response (all at week 6/8). Different methodologies may have distinct impacts 

on results but different studies design, different sample characteristics and different 

endpoints may also explain discrepancies of threshold levels. In fact, these differences 

regarding study design and endpoints did not allowed us to perform a meta-analysis. 
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To our knowledge only one more review and meta-analysis was performed for this topic 

[98]. The authors included 20 studies and suggested a cut-off of 2 µg/mL for TL to 

predict remission but a substantial to considerable heterogeneity was obtained (I2=88%) 

which compromised this meta-analysis. Nevertheless, Moore et al[98] also concluded 

that higher levels of TL were associated with a better clinical outcome. 

The measurement of anti-drug antibodies also showed significant variability between 

assays. ELISA methodologies used presented different theoretical principles. As an 

example, studies using bridging ELISA, considered all samples in the presence of the 

drug to be inconclusive for the evaluation of antibodies to the drug. Since half of the 

patients in clinical trials had drug in the serum, the use of bridging ELISA for ADAs may 

have led to considerable bias. This technique was used in 6 of the 20 studies included in 

this systematic review. 

For ADAs, only 5 studies performed a ROC curve analysis to propose a cut-off and all 

studies proposed different threshold levels. Steenholdt et al [99], suggested a cut-off of 

>10 U/mL, while Paul et al [100], proposed >200 ng/mL to predict loss of response.  

Beyond the already described hindrances for drug cut-offs, it is noted that different 

assays for ADAs assessment present different units (U/mL; µg/mL; ng/mL) which 

makes comparation between studies challenging. Furthermore, different assays present 

different limitations: bridging ELISA present false-negatives (sensible for drug presence) 

and false-positives (presence of rheumatoid factors or activated complements 

fragments); and anti-lambda chain ELISA only detects non-functional antibodies. 

Notwithstanding, all studies reported that lower levels of ADAs were correlated with 

sustained response to treatment. Nanda et al [101] published a meta-analysis on the 

impact of ADAs to clinical outcome in IBD patients and concluded that patients positive 

for ADAs have a threefold higher increased risk to therapy failure compared to those 

ADAs negative. 

Overall, this systematic review showed evidence for determining drug levels in 

induction period (week 6), throughout the first year (14, 22, 30 and 54) and in 

maintenance period after the first year in case of loss of response, mucosal ulceration, 
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and elevated biomarker (CRP and calprotectin). In study I a diagram depicting TDM 

power to highlight factors influencing loss of response has been proposed. Patients with 

loss of response and high levels of drug may lose response due to pharmacodynamic 

factors and/or immunogenicity (when ADAs are also high). Indeed, drug 

ineffectiveness may be explained by non-TNF-a driven disease or the presence of anti-

drug antibodies. For patients with low levels of drug, loss of response may be influence 

by pharmacokinetic factors (when no ADAs are detected) or due to immunogenicity 

(when ADAs are present). Insufficient drug bioavailability due to non-immune 

mediated mechanisms (associated with high inflammatory burden) or due to increase 

clearance by anti-drug antibodies (mainly neutralizing ADAs) may explain loss of 

response. 

As shown with this systematic review, methodology appears to have a significant impact 

in the results and consequently in TDM interpretation. Moreover, pharmacokinetics 

factors and immunogenicity seem to be involved in the augment of intestinal 

inflammation and consequent therapy failure. 

2. Chapter 2 – Influence of Methodology on drug levels and anti-drug 

antibodies 

Awareness of TDM potential led to the development of assays for both drug levels and 

anti-drug antibodies assessment. As notice in Chapter 1 different studies use distinctive 

assays which pose a challenge to compare results and define thresholds. Only a few 

studies have compared different assays. This second chapter was aimed to further the 

understanding of the impact of different assays on results and consequent biases on 

TDM interpretation. 

2.1. Assays for drug assessment 
 

2.1.1. ELISA assays for drug assessment 

In study II, a comparison between three ELISA assays for evaluation of drug levels in 

IFX treated UC patients was performed. All three assays presented an overall good 
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correlation between assays. However, Theradiag had an inferior behaviour compared 

with the other two. Theradiag showed only moderate agreement when compared with 

both in-house and Immundiagnostik ELISAs (ICC=0.694 and 0.762, respectively). IFX-

negative samples, in-house and Immundiagnostik agreed 100% while Theradiag 

returned four IFX-positive samples that the other two identified as negative. Casteele et 

a l[102], also identified similar phenomenon in their work. Theradiag assay identified 11 

positive samples that were considered negative by other ELISA assays. All these false 

positive samples presented high levels of ADAs. Non-specific binding or/and the use of 

non-specific secondary antibody could explain these results. The use of a more specific 

IgG antibody in the detection step by some ELISAs was confirmed by study II: in-house 

and Immundiagnostik detected higher levels of IFX than Theradiag. It is important to 

note that although ELISAs formats are based on the same sandwich principle there are 

inherent differences to each assay. Different capture and detection antibodies are used. 

Different assays present different detection limits and test sensitivity. Different assays 

use different reagents (blocking, washing and diluent buffers) and different calibration 

standards. Manipulation and processing steps (distinctive incubation times and 

temperature requirements) vary from assay to assay. Additionally, sample dilution 

factor differs between ELISAs and usually diluted samples are less influenced by matrix 

effects. Matrix effects can occur due to the presence of endogenous components 

(phospholipids and carbohydrates) and endogenous metabolites (bilirubin) or due to 

interaction between the analyte and the matrix, such as covalent binding to plasma 

proteins [103]. Solid-phase assays are also more prone to mask epitopes that are 

naturally present in vivo or, on the other hand, to present novel epitopes not present in 

vivo. This solid-phase hindrance may vary from assay to assay and even between-days 

of analyse [104]. Fluid-phase assays, such as RIA and HMSA, mimic better in vivo 

conditions as epitopes are free to bind to capture and detection antibodies. These assays 

are more prone to measure functional bioactive drug concentration. HMSA allows to 

distinguish free drug from drug-ADAs complexes, due to chromatographic separation 

of samples compounds. Bodini et al [105], compared HMSA and ELISA assay and 
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reported that HMSA presented consistently higher ADL TL than ELISA, which may 

indicate a higher sensitivity of HMSA assay. As HMSA includes an acid dissociation 

step, this assay measures both circulating drug and drug entirely neutralized by ADAs. 

Important to note that RIA and HMSA demand specialised human resources and 

facilities, and RIA requires the use of radioisotopes. 

2.1.2. Rapid tests for drug assessment  

A lateral flow immunochromatographic assay for drug TL evaluation was developed 

and launched recently. This method is considered a rapid assay with a result turnover 

of only 15 minutes. Optimizing treatment with TDM approach implies that clinicians 

have access to drug and anti-drug level results on the shortest time span. The use of a 

rapid test allows clinicians to optimize infliximab treatment immediately as opposed to 

optimize treatment in the following infusion (6-8 weeks). Indeed, rapid test assays 

returns results in only 15 minutes, while an ELISA assays takes approximately 8 hours. 

Moreover, ELISA-assays require around 40 samples to be performed, highly trained 

professionals and specific laboratory facilities. Rapid test may be performed by medical 

professionals and no special facilities are required. The use of a rapid test rather than an 

ELISA assay contributes to a fast and more personalized treatment of the patient 

avoiding months of delay of successful treatment. Study III was the first study 

comparing two ELISA assays and the newly launched rapid assay Quantum Blue (QB) 

from Buhlmann, Switzerland. Infliximab concentration of 299 samples from IBD patients 

receiving IFX in maintenance phase and IFX-spiked samples were analysed by the three 

assays. The rapid test was the most precise among the methods tested, with a recovery 

of 92% and the smallest intra-variability. The intraclass correlation coefficient (ICC) for 

the paired comparisons revealed the highest ICC for the pair QB rapid test – Sanquin 

ELISA (ICC: 0.939). Nevertheless, Sanquin measurements were consistently higher than 

QB rapid test (mean differences: 0.92 µg/mL, 95% CI: 0.54-1.30). 

This was also observed in study IV and VII, where the mean differences and interval of 

confidence (CI) showed that the concentrations obtained with Sanquin assay were, on 
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average, higher. Systematic overestimation of Sanquin’s assay was also reported by 

Ruiz-Argüello [106]. The rise in the magnitude of IFX concentration may be explain by 

non-specific binding. Non-specific binding was more pronounced in study IV, where 

assays for originator infliximab were tested for the assessment of levels of CT-P13 and 

an unstable behaviour of Sanquin was reported. Sanquin ELISA underestimated CT-P13 

levels consistently below 5 µg/mL and overestimated for concentrations between 5-20 

µg/mL. For the concentrations below 5 µg/mL poor recovery rates were obtained 

(between 17-44%). In this study, Sanquin showed also the lowest correlation coefficients 

when compared with the other methods. Sanquin ELISA presents acceptable results for 

infliximab originator assessment but according to our work is not recommendable for 

use with infliximab biosimilar, CT-P13. 

For better evaluation of drug assays behavior in the clinical decisions made when TDM 

is applied, qualitative analyses were performed in study III and study IV. Patients results 

were placed between a certain range of IFX concentration (<3µg/mL; [3-7µg/mL]; 

>7µg/mL). Drug levels between 3-7µg/mL have been suggested by authors of the 

TAXIT study [107] as an optimal therapeutic window during the maintenance phase. 

Although an overall agreement was identified between the rapid test and ELISA assays 

(study III and IV), some disagreement occurred - 31,9% of samples considered higher 

than 7 µg/mL by the in-house were considered between 3-7 µg/mL by the rapid test 

(study III). Consequently, it is important to note that TDM approach must be integrated 

in patient’s clinical context, considering the presence of symptomatology and other 

disease markers to help with the decision process. 

Studies II-V showed that although assays for drug assessment present an overall good 

agreement there is a noteworthy drug concentration variability between assays. 

Clinicians may be aware of this variability when measuring drug levels. The same assay 

should be used to measure drug levels for the same patient every time a measurement 

is necessary. 
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2.2. Assays for anti-drug antibodies assessment 

Assessment of ADAs is usually more complex than drug levels evaluation due to the 

presence of the drug itself. In study II three different ELISAs formats were compared: an 

in-house anti-human lambda chain assay (AHLC), a semi-fluid phase enzyme 

immunoassay (SFPE) from Immundiagnostik and a bridging ELISA from Theradiag. 

Overall comparison showed a moderate to substantial agreement between assays 

(KAPPA: 0.602-0.692) but Theradiag only detected ADAs in 24 samples (30%) while both 

in-house and Immundiagnostik detected ADAs in 34 samples (43%). Theradiag ELISA 

uses a double-antigen bridge for ADAs detection. False negatives may arise due to the 

presence of the drug. Theradiag uses labelled IFX as detection antibody, the presence of 

the drug may compete with the detection of ADAs. Theradiag ELISA is also unable to 

detect monovalent IgG4 ADAs. Of the 8 samples ADAs-negative by Theradiag and 

positive with both in-house and Immundiagnostik, 5 were positive for IFX and 3 

presented IgG4 ADAs. Contradictorily, Theradiag presented ADAs-positive in the 

presence of the drug. Though, those 3 samples were considered IFX negative by the other 

two assays, suggesting that these samples were probably false positive for IFX, due to 

non-specific binding. The high incidence of false-negatives results by Theradiag was 

reported by other authors. Kopylov et al[92] described that bridging ELISA format was 

unable to detect ADAs in the presence of the drug. Our study confirmed the inability of 

Theradiag to detect positive ADAs in samples with levels of IFX higher than 5 µg/mL 

and established the concentrations at which IFX decrease the capacity of the assay to 

detect ADAs. In-house and Immundiagnostik were able to detect ADAs in the presence 

of IFX up to levels of 100 µg/mL, which correspond to the therapeutic concentrations of 

patients under IFX. Still, Immundiagnostik was the assay less influenced by the presence 

of drug in the sera. This may be explained by the initial acid buffer treatment this assay 

uses to dissociate IFX-ADAs immune complexes. 

Surprisingly, our study revealed that for high concentrations of ADAs (>25 µg/mL) the 

presence of drug was less significant and even Theradiag was able to detect antibodies. 
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Our work demonstrate that assays are not only limited by the levels of drug in the sera 

but also by the concentration of ADAs. 

 

2.3.Clinical impact of methodologies biases 

Low levels of the drug and/or presence of ADAs have been associated with loss of 

clinical response. Depending on the binary status (drug levels/ADAs levels) of sera from 

patients under anti-TNF-a different clinical decisions are taken. In study II the impact 

on clinical decisions was evaluated when different assays are used to defined binary 

status of sera of patients. A total (100%) disagreement was obtained when comparing 

Theradiag with Immundiagnostik or with in-house for double positive status (IFX 

+/ADAs+). The result for double negative status (IFX-/ADAs-) was very similar, 

showing an agreement of only 50% and 55.6% when comparing Theradiag with 

Immundiagnostik and in-house, respectively. Erroneous therapeutic decisions may occur 

when patients show double-positive or double negative status. Treatment intensification 

in a double negative scenario and change of drug class and concomitant use of 

immunomodulators in a double positive scenario should take into account that these 

results are assay dependent. Nevertheless, for IFX -/ADAs + or IFX+/ADAs- a strong 

agreement was observed (75.6-100%) and probably the choice of the assay will have little 

influence on therapeutic decisions to change class of drug (IFX+/ADAs-) or change anti-

TNF-a antibody (IFX-/ADAs+). In study I, a diagram was proposed to distinguish 

factors influencing loss of response using a binary status. These new findings show us 

that careful must be taken when interpreting TDM results, regarding the double positive 

and negative status. 

The inability of some assays to determine ADAs in the presence of the drug may 

hindrance clinical interpretation of TDM. Some authors support the idea that there is no 

advantage to determine ADAs in the presence of the drug, claiming that ADAs most 

significant effect is mediated through their impact on drug clearance [79]. However, 

Casteele et al [108], reported that patients with IFX>3 µg/mL and ADAs positive have 



135 
 

significant higher levels of C-reactive protein (CRP) and less mucosal healing indicating 

a reduced control of inflammation mediated by the presence of ADAs. Authors suggest 

that ADAs neutralize drug activity through direct binding to drug epitope. Kopylov et 

al [92] indicate that the subgroup of patients with double positive status may indicate a 

growing immune response to IFX resulting in future low drug TL and loss of response. 

Double positive status may also occur due to the presence of transient antibodies. 

Around 30% of patients present ADAs that disappear at subsequent reassessment 

during IFX maintenance [81, 109]. These transient antibodies have been described to 

have little clinical significance since they are not correlated with loss of response. 

Casteele et al [109] suggested that some patients treated with anti-TNF-a, that initially 

produce ADAs, afterward develop tolerance toward the drug. Tolerance is mediated 

trough an activation of the regulatory immune response. Regulatory T-cells are activated 

through recognition of regulatory T-cells epitopes on the Fc part of anti-TNF-a. 

However, antibodies may be also considered transient due to false negatives at the time 

of reassessment. As showed in study II assessment of ADAs is largely dependent of the 

presence of the drug and the levels of the ADAs itself. Variations on drug levels and 

ADAs at time of sampling may impact methodology ability to detect ADAs. Still, ADAs 

transiency have been reported by several studies, reinforcing the idea that in some cases 

ADAs are indeed present in circulation only transitorily. This may impact interpretation 

of TDM and lead to misinterpretations and therefore integrate TDM with clinical context 

and biomarkers is essential. One should also be aware that transient ADAs were 

described to appear in lower levels than persistent antibodies. Besides, persistent 

antibodies are usually detectable within the first year while transient ADAs may develop 

after years of anti-TNF-a therapy [81]. 

 

2.4.Assays for biosimilars 

Biosimilars to infliximab, CT-P13 and SB2 have recently been introduced in the 

treatment of IBD patients. The use of TDM to dose adjusting and to facilitate physician 
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decision process is not an issue only to patients under originator infliximab but also to 

those treated with biosimilars. All assays for drug and anti-drug antibodies evaluation, 

available in the market, were developed for the originator anti-TNF-a antibody. It is 

important to guarantee that the assays used to measure originator IFX are accurate to 

measure biosimilars of IFX. Notwithstanding having the same amino-acid sequence, 

originator IFX and biosimilars may have post-translational differences (for instance, 

glycosylation). Study IV and V compared methodologies developed for originator IFX 

measurements and their performance was evaluated to determine levels of CT-P13 and 

SB2. Commercial ELISA kits, an in-house ELISA kit and a rapid test were tested. Samples 

of IBD patients under CT-P13 and serum samples spiked with known concentrations of 

CT-P13 and SB2 were evaluated. Both CT-P13 and SB2 had an overall good recovery rate 

for all kits although some systematic differences were observed particularly in one assay. 

These studies showed that for CT-P13 evaluation, an unstable behaviour was observed 

with Sanquin assay. This assay presented the lowest median concentration (2.6 µg/mL) 

but consistently higher values than the other methods. As already mention above in this 

discussion, our results show that it is not recommended to use this assay for CT-P13 

measurement. The other assays presented high ICC and good accuracies with minor 

systematic differences with no implication on the overall performance of the assays. 

These differences are likely to occur due to the use of different antibodies with varying 

IFX affinities, mainly through epitope disposition and exposure. 

These studies also evaluated the agreement between assays applying the TAXIT 

proposed therapeutic window (3-7 µg/mL and eight other possible cut-offs (3, 4, 5, 6, 7, 

8, 9 and 10 µg/mL) and results presented good agreement. Kappa tend to decrease as 

the cut-offs decrease likely in result of a higher dispersion of measurements in higher 

concentrations. This dispersion in higher concentrations (> 15 µg/mL) was observed in 

Blandt-Altman plots throughout all assays and both originator IFX and biosimilars 

(study III-V). 
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In study V, we have used donor’s samples spiked with known concentrations of SB2 but 

also of CT-P13 and of originator IFX. No clinical samples of patients under SB2 therapy 

were available since this drug was not commercialized in Portugal at the time of the 

study. R-Biopharm assay and QB rapid test were slightly more accurate when measuring 

CT-P13 than the originator infliximab. In-house was more accurate in the case of SB2. 

Regardless the minor differences between assays that are also observed in this study, 

probably due to dissimilarities in the compounds manufacturing (e.g. different cell 

lines), storage and transport, both ELISA R-Biopharm and in-house, and the QB rapid test 

can be used to monitor the biosimilars SB2 and CT-P13. 

Anti-TNF-a antibodies may invoke immunogenicity due to minor differences in 

manufacturing process [110]. Biosimilars are highly similar to its biologic originator but 

small differences in clinically inactive components have been described [111]. Lee et 

al[44] showed that SB2 had lower percentage of charged glycan than IFX while CT-P13 

had higher percentage of galactosylated glycan than the other two drugs. Nevertheless, 

CT-P13 was proved to invoke immunogenicity in the same proportion of patients that 

IFX [112]. Instead, SB2 showed higher rates of ADA than IFX in clinical equivalent 

studies [110]. Little is known about bioequivalence of CT-P13 and SB2 regarding cross-

immunogenicity to IFX and potential immunogenic adverse events. Cross-

immunogenicity between IFX, CT-P13 and SB2 have been assessed. In study V, sera IFX-

ADAs-positive and CT-P13-ADAs-positive were tested against IFX, CT-P13 and SB2. 

Results showed ICC between different drugs’ reaction to anti-IFX and anti-CT-P13 sera 

was close to 1.0 (0.986-0.993) showing high cross-immunogenicity. Ben-Horin showed 

the same high cross-reactivity between IFX ADAs and CT-P13 [113]. These results 

reinforce the similarity among these drugs and the idea that these drugs probably share 

a common epitope. Patients medicated with IFX or CT-P13 and that developed ADAs, 

presenting adverse events or therapy failure will not benefit from switching to IFX, CT-

P13 or SB2. 
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3. Chapter 3 –Pharmacokinetic factors of anti-TNF-a antibodies and 

clinical targets 

 
This chapter aimed to address PK factors of anti-TNF-a antibodies and clinical targets 

and clarify TDM and Biomarker role to identify reasons for therapy failure. 

 

Study VII explored the association between the serum TL and clinical targets such as 

clinical remission, endoscopic remission and degree of inflammation. This study 

included 110 UC patients on maintenance phase of IFX therapy. Clinical, endoscopic 

evaluation and calprotectin quantification was assessed at the same time as IFX TL 

concentration. The results showed that IFX TL were higher in patients who had positive 

outcomes. Moreover, a significative association was found between higher levels of IFX 

TL and endoscopic remission (Mayo score <1) and faecal calprotectin (FC<250µg/g). 

Association between levels of the drug and clinical outcomes have been described in 

some studies, as shown in Chapter 1, mostly relating higher levels of the drug with a 

better response to treatment. 

In study VI, the correlation between drug levels and the clinical targets (clinical, 

endoscopic and histologic outcome) in UC patients that were asymptomatic, i.e., that 

were clinically stable was also investigated. Sixty-five UC patients under IFX therapy in 

maintenance phase (6-8 weeks-interval infusions) were included in this study. Patients 

were followed during one IFX infusion cycle. Those patients included in the 6-week 

regimen had also started with an 8-week regimen but were empirically changed to a 

shorter interval due to loss of response. Different regimens presented similar AUC and 

clearance values but IFX TL values were significantly higher in the 6-week regimen (TL6-

weeks=5.00 µg/mL vs TL8-weeks=2.43 µg/mL, p=0.006). Infliximab TL increase allowed 6-

weeks patients to regain response to treatment. For ADAs levels no significant difference 

was found between regimens, however the presence of ADAs was correlated with a 

higher clearance. This was observed when patients were grouped by IFX TL vs ADAs 
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status (positive/negative). ADAs was the only independent predictor affecting 

clearance. Important to stress that this population was clinically stable at the time of 

study inclusion which may explain why other variables, such as albumin, height, weight 

and inflammatory burden appear not to affect significantly clearance. Indeed, body 

weight was described to increase clearance in the presence of a higher inflammatory 

burden possibly due to contribution of mesenteric adipose tissue as source of TNF-a 

production [72]. Albumin also has showed to correlate to clearance in previous studies 

when systemic inflammation is present [114]. It is not clear if albumin is merely a marker 

of inflammatory activity or if it affects PK of anti-TNF-a antibodies by increasing the 

number of FcRn receptors at high albumin levels. Loss of albumin may also occur 

through faecal loss due to intestinal permeability augmented during active 

inflammation [72]. A high inflammatory burden was also associated to increase 

clearance. Systemic inflammation leads to an increase in IgG catabolism clearance 

through Fcg receptors, internalization and proteolytic degradation. When intestinal 

inflammation rises, as mention above, leads to an increase in intestinal permeability and 

consequent loss of anti-TNF-a antibodies through faeces.  

In this study patients were clinically stable at the beginning of the study and only 17.5% 

presented macroscopic lesions at the end of the infusion cycle. This study revealed that 

in clinically-stable UC patients ADAs are the main factor influencing PK of anti-TNF-a 

antibodies. 

The overall low disease activity presented by this population may also be a reason for 

IFX TL, ADAs, AUC and clearance were not able to discriminate patients with positive 

and negative outcome.  

This population was also evaluated for their long-term risk of requiring therapeutic 

escalation. Patients with higher ADAs (cut-off of 3 µg/mL) were more prone to the need 

of escalating therapy later in disease development -. Additionally, faecal calprotectin of 

250 µg/g was also correlated with the need to undergo therapeutic escalation. When a 

patient simultaneously present ADAs>3 µg/mL and FC>250 µg/g the risk of a future 
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therapeutic escalation increases. This study shows that the presence of ADAs eventually 

leads to a drop in IFX levels below a minimum concentration and consequent loss of 

response. 

Interestingly, the results show that faecal calprotectin is able to supervise a potential loss 

of response and is more useful to predict the need for future escalation then disease 

severity presented by endoscopic or histologic scores. Noteworthy, no significantly 

association was found between low levels of IFX and the need to escalate therapy, 

showing that even in the presence of adequate drug levels some patients need to escalate 

therapy. The presence of ADAs was described by Ungar et al[81] to precede the onset of 

clinical flare, suggesting that a lag time may occur between the presence of 

immunogenicity, IFX TL decrease and the resurgence of tissue inflammation. Likewise, 

local tissue inflammation in the presence of therapeutic serum levels of anti-TNF-a 

antibodies was previously described [115]. Authors suggest that high levels of TNF-a in 

local inflamed tissue may act as a sink for anti- TNF-a antibodies. 

Serum TL and ADAs assessment in IBD patients under anti-TNF-a therapy may have 

an important role guiding physicians through therapeutic management. Higher TL have 

been associated with better clinical response whereas higher ADAs with inferior 

response to treatment. The TAXIT study was the first study to compare proactive 

concentration-based dosing with clinically-based dosing and showed little benefit for 

TDM. Nevertheless, concentration-based dosing was associated with fewer flares during 

treatment [107]. Steenholdt, et al[116] showed that using an algorithm TDM-based for 

therapeutic adjustment rather than clinically-based approach in patients with secondary 

loss of response significantly reduces treatment related costs with the same clinical 

efficacy. The American Gastroenterological Association recently published guidelines 

for TDM in IBD recommending reactive TDM to guide treatment changes [117], but 

claim a gap in knowledge to use TDM in quiescent disease. The pharmacokinetic study 

(study VI) showed that IFX TL and ADAs levels were not able to differentiate clinical, 

endoscopic and histologic outcome of a clinically-stable population but showed a 
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significant contribute of ADAs assessment to predict risk of therapeutic escalation. The 

results indicate a strong advantage to include TDM (determination of ADAs) on stable 

patients alongside with FC assessment. Indeed, even in the absence of clinical 

symptoms, the presence of both elevated ADAs and FC levels should alert the physician 

to act in order to prevent future therapeutic escalation. Robin et al also showed that a 

combination  of CRP levels, IFX TL and persistent ADAs may help to predict loss of 

response in IBD patients [73]. Furthermore, the CALM study points to the importance of 

biomarkers as predictors of treatment response and considers FC a potential target to 

avoid disease progression and development of serious complications. FC was described 

to predict relapses in quiescent UC and DC patients [118] which stresses the need to use 

FC determination as a complement to TDM approach. In Chapter 1 it was highlighted 

the need to assess drug levels in different points of anti-TNF-a therapy, considering 

ADAs assessment as supplementary evaluation to discriminate PK and PD factors of 

loss of response. These new findings show the importance of assessing ADAs when FC 

rises even in clinically stable patients. 

Conversely, study VII showed that some patients may also benefit of drug TL 

determination since TL were associated disease activity. This study comprises almost 

the double of patients of study VI and included non-clinically and clinically stable UC 

patients. In study VI, all patients were in clinical remission according to Montreal 

classification, at inclusion time, while in study VII, twenty percent showed mild to 

moderate disease activity. For study VII, our results show that IFX TL were higher in 

patients who had a positive outcome independently of the assay used. As seen in chapter 

1 and 2, cut-offs vary between studies and different methodologies may lead to different 

cut-offs. Study VI aimed to evaluate the clinical sensitivity and specificity of two 

different methodologies, an ELISA and a rapid test, by proposing IFX cut-off values able 

to guide the therapeutic decision-making process. A cut-off of 3 µg/mL, independently 

of the assay used, was considerate the best cut-off to discriminate endoscopic remission 

and low degree of inflammation in UC patients. A cut-off of 3 µg/mL presented 

significantly higher NPVs and rather low PPVs. A high NPV means that having an IFX 
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TL above 3 µg/mL can exclude patients from benefiting of an IFX dose adjustment with 

a certain degree of certainty. On contrary, low PPV indicates that patients with IFX TL 

below 3 µg/mL do not necessarily present clinical activity, endoscopic lesions or high 

inflammatory burden and may not necessarily benefit from a dose intensification. 

Careful must be taken when applying cut-offs alone to take therapeutic options. 

Therapeutic drug monitoring in IBD must be always contextualized with other markers 

such as symptomatology, presence of ADAs and biomarkers.  
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VII. CONCLUSIONS 
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Therapeutic Drug Monitoring-based strategy should be recommended in scenarios of a) 

loss of response guiding physicians to discriminate among PK and PD reasons for 

therapy failure; and b) predict loss of response combining TDM with biomarkers 

assessment, namely, calprotectin, in stable patients. TDM management must be 

constantly integrated with identification of methodological related biases and with 

individual clinical evaluation. Physicians should be aware of assays limitations. Both 

drug and ADAs must be assessed by the same assay throughout time. If the use of the 

same assay is not possible, physicians should be informed of potential methodological 

biases in results interpretation. 

Major findings of this thesis are summarized as follows: 

§ Methodology has a significant impact in TDM, especially TNF-a antibodies 

assays: 

- Impact of IFX on levels of anti-IFX antibodies is different for different assays. 

The amount of anti-IFX antibodies can also influence the impact of IFX; 

- Serum samples double positive (IFX+/anti-IFX+) and double negative (IFX-

/anti-IFX-) lead to higher disagreement between assays; 

§ New methodologies (rapid tests) can safely substitute old methodologies 

(ELISAs) in TDM; 

§ Not all Infliximab originator-optimized quantification assays can be used to 

measure IFX-biosimilars in an accurate fashion: 

- ELISA Sanquin can be used to assess IFX originator levels, but we don’t 

recommend it for IFX biosimilar CT-P13; 

§ There is cross-immunogenicity between Infliximab originator and both IFX 

biosimilars, CT-P13 and SB2; 

§ Antibodies to the drug is the main factor influencing pharmacokinetic of IFX in 

clinically-stable UC patients: 

-  IFX TL, AUC and clearance are less important than antibodies to IFX or the 

degree of inflammation (calprotectin) for therapeutic escalation in clinically-
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stable UC patients; 

- There is a strong advantage to include TDM (determination of ADAs) on 

stable patients alongside with FC assessment in clinically-stable UC patients; 

§ IFX TL correlate with endoscopic remission and low degree of inflammation in 

UC patients indicating that TDM may be used to discriminate PK and PD reasons 

for therapy failure: 

- A cut-off of 3 µg/mL seems to be appropriate for endoscopic remission and 

low degree of inflammation, using both rapid test and ELISA assay, in UC 

patients on maintenance phase of IFX. 
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Study III - Proactive therapeutic drug monitoring of infliximab: a comparative study 
of a new point-of-care quantitative test with two established ELISA assays 
 

Supplementary Table 1. Spearman correlation coefficients excluding samples >20 μg/mL according to 

the point-of-care QB assay. 

  in-house Sanquin QB 
in-house Correlation coefficient 1.000 .919** .907** 

P-value - .000 .000 
N 299 299 276 

Sanquin Correlation coefficient .919** 1.000 .942** 
P-value .000 - .000 
N 299 299 276 

QB Correlation Coefficient .907** .942** 1.000 
Sig. (2-tailed) .000 .000 - 
N 276 276 276 
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Study IV - Therapeutic drug monitoring of CT-P13: a comparison of four different 
immunoassays 
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Supplementary Fig. 1 
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Study V - The performance of Remicade®-optimized quantification assays in the 
assessment of Flixabi® levels 
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Study VI - Calprotectin and the Magnitude of Antibodies to Infliximab in Clinically-
stable Ulcerative Colitis Patients are More Relevant Than Infliximab Trough Levels 
and Pharmacokinetics for Therapeutic Escalation 
 

 

 

 

Supplementary Table 1 
 Multivariable OR1 [95%CI] 

Height (m) 391.617 -147.717;930.951 0.149 
Weight (kg) 1.063 -1.391;3.516 0.385 
Albumin 0.645 -6.157;7.447 0.848 
[ATI] μg/ml  12.196 2.417;21.974 0.016 
Endoscopic Mayo    

0 Ref   
≥1 17.349 -44.075;78.774 0.570 

1All variables were included using the “enter” method; R2=0.300 
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Supplementary Table 2 
 Multivariable OR1 [95%CI] 

Height (m) 409.089 -131.029;949.208 0.133 
Weight (kg) 1.035 -1.431;3.501 0.400 
Albumin 0.711 -6.146;7.569 0.834 
[ATI] μg/ml  12.086 2.131;22.042 0.019 
Endoscopic Mayo    

≤1 Ref   
>1 6.379 -75.039;87.796 0.874 

1All variables were included using the “enter” method; R2=0.294 
 

 

Supplementary Table 3 
 Multivariable OR1 [95%CI] 

Height (m) 419.753 -144.415;983.920 0.140 
Weight (kg) 1.003 -1.539;3.545 0.428 
Albumin 1.023 -6.312;8.357 0.778 
[ATI] μg/ml  12.452 1.432;23.472 0.028 
Geboes index    

<3.1 Ref   
≥3.1 -2.910 -83.981;78.161 0.942 

1All variables were included using the “enter” method; R2=0.294 
 
 
 
 
Supplementary Table 4: IFX TLs  
 

 P25 Median P75 n p-value 

Global Mayo score 
no remission 1.82 3.19 4.94 18 

0.914 
remission 1.28 2.91 7.16 44 

Endoscopic Mayo score 
0 1.28 3.20 7.85 36 

0.786 
≥1 1.94 3.11 5.00 24 

Endoscopic Mayo score 
≤1 1.36 3.03 6.37 49 

0.901 
>1 2.19 3.18 4.94 11 

UCEIS 
remission (≤1) 1.19 2.99 6.37 45 

0.533 
activity (>1) 2.19 3.21 5.72 15 

Histology (Geboes score) 
<3.1 1.46 3.01 6.37 42 

0.815 
≥3.1 .77 3.03 5.72 19 

FC (μg/g) 
<150 1.19 2.91 5.05 46 

0.286 
≥150 2.37 3.33 5.72 14 

FC (μg/g) 
<250 1.36 3.03 5.05 53 

0.636 
≥250 1.91 2.56 8.87 7 

 
 
 
 
 



167 
 

 
 
Supplementary Table 5: ATIs  
 

 P25 Median P75 n p-value 

Global Mayo score 
no remission .79 1.05 3.12 19 

0.797 
remission .84 1.45 2.05 45 

Endoscopic Mayo score 
0 .84 1.53 2.05 37 

0.600 
≥1 .79 1.05 2.94 25 

Endoscopic Mayo score 
≤1 .83 1.32 2.18 51 

0.706 
>1 .70 1.05 3.50 11 

UCEIS 
remission (≤1) .83 1.51 2.48 47 

0.253 
activity (>1) .72 .93 2.88 15 

Histology (Geboes score) 
<3.1 .84 1.32 2.03 43 

0.953 
≥3.1 .72 1.10 3.33 20 

FC (μg/g) 
<150 .88 1.52 2.82 48 

0.072 
≥150 .64 .99 1.25 14 

FC (μg/g) 
<250 .83 1.44 2.76 55 

0.794 
≥250 .72 1.15 2.48 7 

 
 
 
 
 
Supplementary Table 6: AUC (6 weeks’ regimen) 

 P25 Median P75 n p-value 

Global Mayo score 
no remission 1243.00 1328.00 1789.00 5 

0.517 
remission 1199.00 1645.00 2150.00 14 

Endoscopic Mayo score 
0 1186.00 1724.50 2150.00 10 

0.683 
≥1 1243.00 1448.00 1789.00 9 

Endoscopic Mayo score 
≤1 1199.00 1570.00 2150.00 15 

0.617 
>1 855.50 1516.00 1828.50 4 

UCEIS 
remission (≤1) 1199.00 1570.00 2055.00 13 

>0.999 
activity (>1) 1243.00 1558.50 1868.00 6 

Histology (Geboes score) 
<3.1 1327.00 1724.50 2269.50 12 

0.108 
≥3.1 826.00 1243.00 1789.00 7 

FC (μg/g) 
<150 1006.00 1649.50 2102.50 12 

0.461 
≥150 1206.00 1243.00 1328.00 5 

FC (μg/g) 
<250 1186.00 1448.00 2055.00 15 

0.881 
≥250 1199.00 1494.00 1789.00 2 
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Supplementary Table 7: AUC (8 weeks’ regimen) 
 

 P25 Median P75 n p-value 

Global Mayo score 
no remission 1198.00 1514.50 1631.00 10 

0.557 
remission 1097.00 1491.00 2091.00 23 

Endoscopic Mayo score 
0 1203.50 1546.00 1899.50 20 

0.371 
≥1 1102.00 1315.50 1746.00 12 

Endoscopic Mayo score 
≤1 1116.00 1546.00 2032.00 26 

0.176 
>1 1088.00 1312.00 1603.00 6 

UCEIS 
remission (≤1) 1203.50 1616.00 2061.50 24 

0.074 
activity (>1) 1102.00 1201.50 1514.50 8 

Histology (Geboes score) 
<3.1 1116.00 1601.00 2032.00 25 

0.538 
≥3.1 1097.00 1205.00 1617.00 7 

FC (μg/g) 
<150 1097.00 1484.50 1875.00 26 

0.597 
≥150 1198.00 1617.00 2302.00 7 

FC (μg/g) 
<250 1116.00 1478.00 1875.00 29 

0.473 
≥250 1352.50 1692.00 2203.50 4 

 

 

 
Supplementary Table 8: Clearance 

 P25 Mediana P75 n p-value 

Global Mayo score 
no remission 224.00 230.00 248.00 13 

0.838 
remission 143.00 230.50 313.50 36 

Endoscopic Mayo score 
0 150.00 232.00 308.00 29 

0.768 
≥1 164.00 230.00 296.00 19 

Endoscopic Mayo score 
≤1 152.50 230.50 302.00 40 

0.635 
>1 225.50 237.00 291.00 8 

UCEIS 
remission (≤1) 152.50 230.50 313.50 36 

0.886 
activity (>1) 217.00 234.00 251.00 12 

Histology (Geboes score) 
<3.1 152.50 220.00 302.00 36 

0.439 
≥3.1 225.50 241.00 303.00 12 

FC (μg/g) 
<150 156.00 229.00 296.00 37 

0.731 
≥150 205.00 238.00 357.00 11 

FC (μg/g) 
<250 156.00 231.00 296.00 42 

0.867 
≥250 205.00 234.00 357.00 6 
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Study VII - Clinical performance of an infliximab rapid quantification assay 
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