
                

SEMMELWEIS EGYETEM 

DOKTORI ISKOLA 

 

 

Ph.D. értekezések 

 

 

 

 

3477. 

 

 

KOVÁCS KRISZTIÁN 

 

 

 

Alapkutatások klinikai alkalmazása 

című program 

 

 

  

 

Programvezető: Dr. Vásárhelyi Barna, egyetemi tanár 

Témavezető: Dr. Cseh Áron, egyetemi adjunktus 

         

https://semmelweis.hu/phd/doktori-tagozatok/elmeleti-es-transzlacios-orvostudomanyi-tagozat/


LABORATORY TESTING OF ANTI-DRUG 

ANTIBODIES IN BIOLOGICAL THERAPY OF 

INFLAMMATORY BOWEL DISEASE 

 

PhD thesis 

 

Krisztián Kovács 

 

Semmelweis University Division of Theoretical and Translational 

Medicine 

 

Supervisor:    Áron Cseh, MD, Ph.D 

 

Official reviewers:  Shemirani Amir-Houshang, MD, Ph.D 

Árpád Patai, MD, Ph.D 

 

Head of the Complex Examination Committee:  

Miklós Tóth, MD, D.Sc, 

 

Members of the Complex Examination Committee:  

Kinga Lakatos, MD, Ph.D   

 Áron Cseh, MD, Ph.D  

 

Budapest 

2026 



2 
 

TABLE OF CONTENTS 

 

LIST OF ABBREVIATIONS ........................................................................................... 4 

1. INTRODUCTION.. ....................................................................................................... 6 

1.1. Overview ................................................................................................................ 6 

1.1.1. Pathophysiology ............................................................................................... 6 

1.1.2. Diagnosis and clinical picture. ......................................................................... 7 

1.1.3. Therapies. ......................................................................................................... 7 

1.2. Mechanism and clinical role of biological therapies. ............................................ 8 

1.2.1. Mechanism of Action. ...................................................................................... 8 

1.2.2. Clinical indication. ......................................................................................... 10 

1.2.3. Pharmacokinetics of Infliximab. .................................................................... 10 

1.2.4. Pharmacokinetics of Adalimumab. ................................................................ 10 

1.2.5. Pharmacokinetics of Vedolizumab. ................................................................ 10 

1.2.6. Pharmacokinetics of Ustekinumab. ................................................................ 11 

1.3. Antibody formation: immunogenicity, types, and determining factors. .............. 13 

1.3.1. Antibody formation during biological treatments .......................................... 13 

1.4. Monitoring treatment efficacy: measuring drug levels and antibodies. ............... 13 

1.4.1. Antibody types ............................................................................................... 14 

1.5. Therapeutic drug monitoring (TDM) during biological therapies: principles and 

practice............................................................................................................................. 14 

1.5.1. Therapeutic drug monitoring: reactive and proactive approaches ................. 14 

1.6. Measurement methods ......................................................................................... 15 

1.6.1. Drug tolerant antibody tests ........................................................................... 15 

1.6.2. Chemiluminescent immunoassays ................................................................. 15 

1.6.3. ELISA tests ..................................................................................................... 15 



3 
 

 

1.7. Applicability of decision support algorithms based on TDM.............................. 16 

1.8. Second- and third-line therapies. ......................................................................... 16 

1.9. Dilemmas of combination therapy and discontinuation. ..................................... 17 

2. OBJECTIVES. ............................................................................................................. 19 

3. METHODS. ................................................................................................................. 20 

3.1. Patient characteristics of first-, second-, and third-line therapies ........................ 20 

3.2. Ethical considerations. ......................................................................................... 20 

3.3. Methods. .............................................................................................................. 20 

3.4. Statistical analysis. ............................................................................................... 25 

3.5. Second second-, and third-line therapies ............................................................. 26 

3.6. Therapeutic drug monitoring and statystical analysis .......................................... 26 

4. RESULTS. ................................................................................................................... 27 

4.1. First-line treatments. ............................................................................................ 27 

4.2. Second- and third-line preparations ..................................................................... 32 

4.3. Combination therapy. ........................................................................................... 34 

5. DISCUSSION. ............................................................................................................. 36 

5.1. First-line therapies. .............................................................................................. 36 

5.2. Second- and third-line therapies. ......................................................................... 37 

5.3. Limitations ........................................................................................................... 38 

6. CONCLUSION. .......................................................................................................... 40 

7. SUMMARY. ............................................................................................................... 42 

8. REFERENCES. ........................................................................................................... 43 

9. BIBLIOGRAPHY OF PUBLICATIONS ................................................................... 53 

10. ACKNOWLEDGEMENTS. ..................................................................................... 57 

 



4 
 

LIST OF ABBREVIATIONS 

5-ASA – 5-aminosalicylates 

AADA – Anti-Adalimumab Antibody 

ADA – Adalimumab 

AIFX – Anti-Infliximab Antibody 

ANCA – Anti-neutrophil Cytoplasmic Antibody 

ASCA – Anti-Saccharomyces Cerevisiae Antibody 

AUC – Area Under Curve 

AUST – Anti-Ustekinumab Antibody 

AVDZ – Anti-Vedolizumab Antibody 

CD – Crohn’s Disease 

CRP – C-reactive Protein  

ELISA – Enzyme-linked Immunosorbent Assay 

ESPGHAN – European Society for Paediatric Gastroenterology Hepatology and 

Nutrition 

ESR – Erythrocyte Sedimentation Rate 

IBD – Inflammatory Bowel Disease 

IBD-U – Inflammatory Bowel Disease - Unclassified  

IFX – Infliximab 

Ig - Immunglobulin 

LoD – Limit of Detection 

LOR – Loss of Response 

NAb – Neutralizing Antibodies 

OR – Odds Ratios 



5 
 

RES – Reticulo-Endothelial System 

TDM – Therapeutic Drug Monitoring 

TNF-α – Tumor Necrosis Factor-alpha 

TRL – Trough Level 

UC – Ulcerative Colitis 

UST – Ustekinumab 

VDZ – Vedolizumab 

  



6 
 

1. INTRODUCTION 

Inflammatory bowel diseases (IBD) are affecting more and more people both worldwide 

and in Hungary. The age of IBD patients (Crohn's disease (CD) and ulcerative colitis (UC) 

patients) is also decreasing: approximately 15-25% of patients are diagnosed with the 

disease before the age of 20 [1; 2].  

1.1 Overview  

The two best-known types of IBD are CD and UC, but there is also a group that does not 

clearly belong to either form: IBD-U (Table 1) [3; 4].  

1. Table Types of IBD and characteristics of the disease 

Type Affected area 
Nature of 

inflammation 
Depth 

Common 

symptoms 

Crohn's disease 
Anywhere in the 

digestive tract 

Intermittent, 

patchy 

Deeper 

layers 

Abdominal 

pain, 

diarrhea, 

weight 

loss 

Ulcerative colitis 
Only the large 

intestine 
Continuous 

Mucous 

membrane 

Bloody 

diarrhea, 

cramps 

Inflammatory 

bowel disease 

unclassified 

Unclear Mixed Mixed 
Transient 

symptoms 

 

1.1.1. Pathophysiology 

The pathogenesis of IBD is extremely complex and involves the interaction of numerous 

factors. Its development is multifactorial: in addition to genetic and environmental 

influences and nutrition, it is caused by immune system dysregulation and intestinal 
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microbiome disbiosis. In all cases, the diseases are caused by increased activity of the 

intestinal immune system, which results in tissue damage [5; 6; 7; 8; 9].  

1.1.2. Diagnosis and Clinical Picture 

The diagnosis of inflammatory bowel disease (IBD) is based on a combination of 

clinical[10] presentation, endoscopic findings, histological examination, and imaging 

modalities. Colonoscopy with ileal intubation represents a key diagnostic tool, 

particularly in ulcerative colitis, but it is not sufficient as a standalone gold standard in all 

cases, especially in Crohn’s disease, where upper endoscopy is also mandatory [11; 12; 

13]. Endoscopic evaluation allows assessment of the location, extent, and severity of 

mucosal inflammation, while targeted biopsies provide histopathological confirmation 

and help to differentiate between IBD subtypes. In Crohn’s disease, cross-sectional 

imaging techniques such as magnetic resonance enterography [14] or computed 

tomography are often required to evaluate transmural inflammation and small bowel 

involvement [15; 16]. Laboratory markers such as C-reactive protein (CRP) and 

erythrocyte sedimentation rate (ESR) [17], as well as measurement of albumin levels as 

a negative acute phase protein [18], can help monitor the activity of inflammation. Fecal 

biomarkers (calprotectin, lactoferrin, M2pyruvate kinase, and immunological tests like 

perinuclear anti-neutrophil cytoplasmic antibody (pANCA), anti-Saccharomyces 

cerevisiae antibody (ASCA) are helpful in differential diagnosis [19]. The clinical picture 

is diverse, with patients experiencing diarrhea, abdominal pain, bleeding, and weight loss. 

1.1.3. Therapies 

Pharmacological treatment: Pharmacotherapy used in the treatment of inflammatory 

bowel disease (IBD) includes aminosalicylates, corticosteroids, immunomodulators, and 

biological therapies (Figure 1). The treatment of moderate to severe IBD is based on anti-

TNF-α (tumor necrosis factor) [20] preparations IFX, ADA (infliximab, adalimumab), 

and second- and third-line biologics, such as the integrin inhibitor VDZ (vedolizumab) 

and the direct anti-IL-12/23 UST (ustekinumab), which specifically reduce intestinal 

inflammation [21; 22]. Key factors in achieving and maintaining clinical and mucosal 

remission include pharmacokinetic variability, patient- and disease-specific 

characteristics, and regular and targeted monitoring of immunogenicity (anti-drug 

antibodies) [23; 24]. 



8 
 

Surgical intervention: If drug treatment does not lead to in adequate clinical improvement 

requires surgical management. Surgery is intended to remove sections of the intestine or 

to treat intestinal perforations. Approximately 20–30% of patients with IBD will require 

surgical intervention at some point during their lifetime [25; 26]. 

 

1. Figure. The higher we go up the pyramid, the more targeted the therapy, but along 

with this, adverse effect risk also increases. The treatment strategy can range from 

mild to severe or early targeted therapy to prevent complications [27]. (Abbreviations: 

5-ASA: 5-aminosalicylates). 

 

1.2. Mechanism and clinical role of biological therapies 

1.2.1. Mechanism of action 

Infliximab, a chimeric IgG1 (Immunoglobulin) monoclonal antibody, and 

adalimumab, a completely human IgG1 antibody (Figure 2), neutralize tumor 

necrosis factor-α (TNF-α), thereby inhibiting the downstream inflammatory 

cascade, reducing the expression of endothelial adhesion molecules, and 

suppressing the activity of effector immune cells [17; 28; 29]. 
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Vedolizumab is mainly used as a second- or third-line treatment for moderate to 

severe Crohn's disease and ulcerative colitis. Vedolizumab is an anti-α4β7 integrin 

monoclonal antibody that inhibits the entry of lymphocytes into the intestinal wall, 

thereby selectively reducing inflammation in the intestine. As a result, it has a 

good safety profile and a lower risk of systemic infection, but the clinical effect is 

often slower to develop [30; 31; 32]. 

Ustekinumab inhibits the p40 subunit of the cytokines IL-12 and IL-23, thereby 

exerting a systemic anti-inflammatory effect by reducing the Th1 and Th17 

immune responses. It is effective in both Crohn's disease and ulcerative colitis, 

and may also be beneficial in extraintestinal manifestations. It is often used after 

TNF inhibitor therapy and is generally characterized by a faster clinical response 

than vedolizumab [33]. 

 

Figure 2. Immune structure of various biological therapeutic drugs [34]. (Abbreviations: 

TNFR-Tumornecrosis Factor Alpha Receptor, Fv fragment variable, Fc-fragment 

constant) 



10 
 

1.2.2. Clinical indication  

The use of anti-TNF-alpha drugs is recommended for achieving and maintaining 

remission in Crohn's disease and ulcerative colitis, with the goal of achieving and 

sustaining mucosal healing. In pediatric patients, effective anti-TNF therapy is of 

particular importance for preserving normal growth and development. 

Vedolizumab and ustekinumab are both indicated for the therapy of moderate to 

severe Crohn’s disease and ulcerative colitis in adults who have an inadequate 

response, lost response, or intolerance to conventional therapies or TNF inhibitors 

(see Table 2) [35; 22; 36]. 

1.2.3. Pharmacokinetics of Infliximab 

Clearance of infliximab is influenced by multiple factors: markers of disease 

severity and inflammation, including serum albumin levels and body weight, 

concomitant immunosuppressive therapy, immunogenicity (anti-drug antibodies), 

and route of administration (intravenous vs. subcutaneous) [37; 38]. 

1.2.4. Pharmacokinetics of Adalimumab 

After subcutaneous administration, adalimumab is slowly absorbed, with an 

absolute bioavailability of approximately 60–65%, and peak serum concentrations 

typically reached within 5–7 days. Its distribution is largely confined to the 

intravascular and interstitial spaces, with a small apparent volume of distribution 

(~5–6 L), consistent with its monoclonal antibody structure. Adalimumab is not 

metabolized by cytochrome P450 enzymes but is degraded via nonspecific 

proteolytic catabolism into small peptides and amino acids. The terminal 

elimination half-life is about 14 days, supporting dosing every other week; 

clearance may be influenced by body weight, concomitant immunosuppressive 

therapy, and the presence of anti-adalimumab antibodies [39]. 

1.2.5. Pharmacokinetics of Vedolizumab 

Vedolizumab exhibits linear pharmacokinetics over the therapeutic dose range. 

Following intravenous administration, its distribution occurs mainly in the 
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vascular and interstitial spaces, with a small volume of distribution (~4.8 L). It is 

degraded via nonspecific proteolytic catabolism rather than hepatic metabolism. 

The terminal half-life averages 25 days, allowing dosing every 4–8 weeks. 

Clearance may be affected by the presence of anti-vedolizumab antibodies and 

patient body weight, but it is generally low and consistent with other monoclonal 

antibodies [40]. 

1.2.6. Pharmacokinetics of Ustekinumab 

Ustekinumab exhibits linear pharmacokinetics across therapeutic doses. 

Following intravenous administration, it distributes predominantly in blood 

vessels and interstitial spaces with a small volume of distribution (~5–6 L). 

Metabolism occurs through nonspecific proteolytic degradation to peptides and 

amino acids rather than hepatic enzymatic pathways. Its terminal half-life is 

approximately 21 days, supporting dosing intervals ranging from every 8 to 12 

weeks. Clearance can be influenced by body weight and the development of anti-

ustekinumab antibodies, although immunogenicity is generally low [36]. 
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Table 2. Summary table of the applied biological therapies. Abbreviations: IBD: 

inflammatory bowel disease; CD: Crohn’s disease; UC: ulcerative colitis; TNF: tumor 

necrosis factor alpha; IL: interleukin. Based on publicly available data in the drug registry 

[41; 42]. 

Active Ingredient 

(Brand) 
Target 

Key Study / 

Efficacy 

Typical 

Dosing 
Approx. Cost 

Infliximab 
(Remicade; 

biosimilars: 

Zessly, Inflectra, 

Remsima, Flixabi) 

TNF-α, 

chimeric 

IgG1 

REACH [43] 

(CD): wk10 – 

84% response, 

59% remission 

5 mg/kg IV 

wk0,2,6; then 

q8w 

100 mg vial: 

97,000–154,000 

HUF 

Adalimumab 
(Humira; 

biosimilars: 

Hyrimoz, 

Yuflyma, 

Amgevita, Hulio, 

Idacio, Hukyndra) 

TNF-α, 

fully human 

IgG1 

RESEAT 

[44](CD): wk10 

– 82% response; 

IMAGINE [45] 

(CD): wk26 – 

34% remission 

40 mg SC 

q2wks 

(induction: 

double dose for 

first 1–2 

injections) 

40 mg prefilled 

pen: 174,000–

275,000 HUF/2 

Vedolizumab 
(Entyvio) 

α4β7 

integrin, 

human 

IgG1 

GEMINI [46]: 

CD wk6 – 15% 

vs 7%; UC wk6 

– 47% vs 26%; 

peds wk14 – UC 

37–76%, CD 

14–42% 

300 mg IV 

wk0,2,6; then 

q8w 

300 mg vial: 

702,000 HUF 

Ustekinumab 
(Stelara; 

biosimilars: 

Yesintek, 

Imuldosa, 

Pyzchiva, 

Steqeyma, 

Uzpruvo, 

Wezenla) 

IL-12/23, 

human 

IgG1 

UNITI [40] 

(CD): wk6 – 

TNF-

experienced 

34% vs 22%, 

TNF-naïve 52% 

vs 29%; peds 

CD approved 

IV 6 mg/kg 

wk0 (≤55 kg 

260 mg, 55–85 

kg 390 mg, >85 

kg 520 mg), 

then SC 90 mg 

wk8 and q12w 

Vials: 45–130 

mg 823,000–

852,000 HUF; 

90 mg SC 

1,849,000 HUF 
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1.3. Antibody formation: immunogenicity, types, and determining factors 

Antibodies play a particularly key role in the treatment of IBD, as biological treatments 

such as TNF-α inhibitors (e.g., IFX, ADA) or VDZ and UST work by using different types 

of antibodies. These biological therapeutic drugs behave as antigens, so they can trigger 

antibody formation, which can affect the effectiveness of treatment and the occurrence of 

side effects [47]. 

1.3.1. Antibody formation during biological treatments 

The process occurs in the following steps:  

Antigen recognition and B-cell activation: A biological drug such as IFX, which is a 

chimeric (half human, half animal) monoclonal antibody, can act as an antigen when it 

enters the body. The antigen activates B cells, which produce antibodies (counter-

substances) against the drug [48]. 

Immunological reactions: The development of anti-drug antibodies can not only reduce 

the effectiveness of the drug, but also cause side effects such as allergic reactions. The 

development of antibodies can worsen the patient's condition, as the reduced effectiveness 

of the drug can cause IBD symptoms to flare up again [49]. 

IFX and ADA can effectively reduce inflammation in the therapy of IBD, but antibody 

responses to the drugs can affect treatment efficacy. Excessive antibody responses can 

cause patients to not respond adequately to treatment, and symptoms may return [50].  

The frequency of drug use, dosage, and individual genetic factors influence the extent to 

which antibodies develop. As antibodies develop, drug levels may decrease, requiring 

dose adjustment or review of therapy [51]. Newer biologic drugs, such as VDZ or UST, 

which target the intestinal tract more specifically, may reduce the likelihood of antibody 

formation [22]. 

1.4. Monitoring treatment efficacy: measuring drug levels and antibodies 

Measuring drug levels and any antibodies that may form during biological therapy plays 

a key role in monitoring treatment effectiveness. Blood tests to measure antibodies to 

drugs can help determine whether the patient has responded to treatment with antibodies; 
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if the effect of the therapy is less than expected, the treating physician may decide to 

change the drug [52].  

1.4.1. Types of antibodies 

1. Neutralizing antibodies (NAb): These antibodies attach directly to the active site 

(Fab region) of the drug-antibody complex, preventing the drug from binding to 

the target molecule (e.g., TNF-α, α4β7 integrin). This directly neutralizes the 

therapeutic effect. 

2. Non-neutralizing antibodies (Non-neutralizing/Binding Antibodies): These 

antibodies are capable of binding to other parts of the drug. Although they do not 

directly inhibit binding, they generate immune complexes that are removed more 

rapidly via the reticuloendothelial system (liver, spleen). This can result in a 

reduction in the half-life of the drug and a drop in serum levels (accelerated 

clearance), but in some cases there is no effect [53]. 

1.5. Therapeutic drug monitoring (TDM) during biological therapy: principles 

and practice 

When to measure? According to the reactive TDM approach, when the clinical picture 

deteriorates, in cases of partial drug response, or infusion/injection reactions. According 

to the proactive TDM approach, at the end of the induction phase and in the early 

maintenance phase, especially in pediatrics, in order to increase long-term remission and 

durability [54; 55]. 

1.5.1. Therapeutic drug level monitoring: reactive and proactive approaches 

Therapeutic drug monitoring has become one of the most important tools in the therapy 

of inflammatory bowel disease during the optimization of biological therapies [56]. 

Reactive therapeutic drug monitoring is a strategy used in cases of loss of response or the 

appearance of symptoms [57]. It helps to distinguish between the causes of loss of 

efficacy: 
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• Pharmacokinetic cause: Low drug levels, which may be immunogenic (high antibody 

titer) or non-immunogenic (no antibodies, but rapid clearance). 

• Pharmacodynamic cause: The disease is active even at adequate drug levels 

(mechanistic failure, e.g., non-TNF-mediated inflammation). 

• Immunogenicity: Formation of NAbs leads to loss of drug effectiveness. During 

proactive therapeutic drug monitoring, drug levels and antibodies must be measured at 

regular intervals, regardless of the patient's clinical condition, in order to maintain the 

drug level within a specified therapeutic window. In the case of IFX and ADA, a growing 

body of data, including the results of the PAILOT and PANTS studies, suggest that 

proactive therapeutic drug monitoring correlates with improved maintenance outcomes. 

The PAILOT study in children confirmed that proactive monitoring significantly 

increased the chance of steroid-free remission. A proactive approach can prevent low 

drug levels, which are one of the main causes of immunogenicity ("trough predicts 

antibodies") [58; 59]. 

1.6. Measurement methods 

1.6.1. Drug-tolerant antibody tests 

Fewer false-negative antibody detections at high drug levels; validated positivity 

thresholds for clinical interpretation. 

1.6.2. Chemiluminescent immunoassays 

More recently used methods. Their advantage is the speed of measurement and the ability 

to test patient samples as single tests.  

1.6.3. ELISA tests 

Standardized, quantitative measurements of drug and ADA levels, separate protocols for 

induction and maintenance phases; broad device platform compatibility (DAS APE 

ELITE, DAS APEX). The LISA-TRACKER portfolio offers drug+antibody parallel 

measurement and WHO calibration for several biotherapies. ELISA tests are the gold 

standard method for testing biological therapeutic agents [60]. 
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1.7. Applicability of decision support algorithms based on TDM 

Based on international consensus, there are guidelines that provide recommendations 

based on measured drug and antibody levels (Table 3). The recommendations take into 

account the types of biological therapies, the drug levels measured in patient samples, any 

antibodies that may appear, and recommend decision support steps [24; 61; 62]. 

Table 3. Drug and antibody formation strategy during first-line treatments [63]. 

Drug Phase 

 Induction Post induction Maintenance 

Infliximab 
Week 2nd 

20-25 µg/ml 

Week 6th 

15-20 µg/ml 

Week 14th 

7-10 µg/ml 
5-10 µg/ml 

Adalimumab 
Week 4th 

8-12 µg/ml 

Week 12th 

8-12 µg/ml 
8-12 µg/ml 

1.8. Second- and third-line therapies 

 Regarding vedolizumab therapy, the primary cause of loss of clinical response is not 

antibody formation, but low serum drug levels. In such cases, dose intensification based 

on TDM - primarily decreasing the dosing interval from 8 weeks to 4-6 weeks - has 

proven to be an effective strategy [22]. Trough levels of ≥20-25 µg/mL measured during 

the induction phase and ≥10-15 µg/mL achieved in the maintenance period treatment are 

associated with better clinical and endoscopic outcomes [22; 64]. Due to its low 

immunogenicity, routine use of immunosuppressive combination therapy (e.g., 

thiopurine or methotrexate) is not justified during vedolizumab treatment. In cases of 

persistently high ADA levels and therapeutic failure with loss of clinical response, a 

change of biologic should be considered, typically to a product with a different 

mechanism of action [65; 66]. 

During ustekinumab treatment, clinical response is closely correlated with serum trough 

levels. Trough levels of ≥3-7 µg/mL measured during the induction phase (week 8) and 
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≥1-3 µg/mL measured during maintenance treatment [67; 68] are associated with 

favorable clinical response and remission. In case of loss of response associated with low 

drug levels, the primary therapeutic step is to shorten the dosing interval (from 12 weeks 

to 8 weeks, then to 4 weeks if necessary) (see Table 4) [69]. 

In cases of combined antibody positivity and low drug levels, dose intensification is 

primarily recommended, while immunosuppressive combination therapy should only be 

considered in exceptional cases. In case of therapeutic failure with high, persistent 

antibody titers and repeated dose escalation, transitioning to a therapy with a different 

mechanism of action is warranted [70]. 

Table 4. Drug and antibody formation strategy during second- and third-line treatments 

(Abreviations: VDZ-vedolizumab, UST-ustekinumab) 

Drug Phase Trough 

level 

target 

(µg/mL) 

Clinical 

interpretation 

Recommended 

action in case of 

low levels 

Significance 

of antibodies 

VDZ Induction 

(week 6) 

≥20–25 Higher chance 

of clinical 

response 

Shortening of 

dosing interval 

Rarely 

clinically 

relevant 

VDZ Maintenance ≥10–15 Remission and 

mucosal healing 

8 → 4–6 weeks Mostly 

temporary 

VDZ Loss of 

response 

<10 Subtherapeutic 

level 

Interval 

shortening 

Switching in 

case of high 

antibody 

UST Induction 

(Week 8) 

≥3–7 Clinical 

response more 

likely 

IV reinduction 

may be 

considered 

Rare, but may 

be relevant 

UST Maintenance ≥1–3 Maintenance of 

remission 

12 → 8 → 4 

weeks 

Persistent 

antibody rare 

UST Loss of 

response 

<1 Subtherapeutic 

level 

Dose 

intensification 

Switching in 

case of high 

antibody 

1.9. Dilemmas of combination therapy and discontinuation 

The main advantage of combination therapies is that immunosuppressive combination 

therapy (thiopurine, methotrexate) can reduce the formation of antibodies and increase 

drug persistence, especially in the case of infliximab. The risk is that immunosuppression 

may increase the number of infections, hepatotoxicity, and lymphoproliferative risks, so 
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individual risk-benefit analysis is particularly important. Strategies for discontinuing 

medication: In stable remission, some protocols investigate the early tapering of 

combination immunosuppressive agents while continuing biological therapy. The 

decision should be considered based on TDM and objective activity [71]. 
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2. OBJECTIVES 

 

The aim of the thesis was to: 

1. Obtain information on the therapeutic effects of IFX and ADA by collecting data 

from patients with inflammatory bowel disease (IBD) compared pediatric and 

adult patients. 

2. Based on the data, to show what influences the development of anti-drug antibody 

in biologicalsand what kind of antibody response the drugs can trigger. 

3. Compare the incidence of antibody formation in second- and third-line VDZ and 

UST treatments and first-line (ADA, IFX) therapies. 
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3. METHODS 

 

3.1. Patient characteristics of first-, second-, and third-line therapies 

In our study, we analyzed 153 pediatric and adult IBD patients who received first-line 

infliximab or adalimumab therapy and 183 patients who received second- or third-line 

ustekinumab or vedolizumab therapy. The patients were treated at the Semmelweis 

University Pediatric Center, Department of Surgery, Transplantation and 

Gastroenterology, and Department of Internal Medicine and Oncology between 2020 and 

2025 [72]. The selection criteria were determined based on the diagnostic guidelines of 

the European Society for Paediatric Gastroenterology, Hepatology, and Nutrition 

(ESPGHAN) for children and the European Crohn's and Colitis Organization (ECCO) for 

adults. It was also important that the subjects had at least one therapeutic drug level 

monitoring result. During the analyses, we excluded cases where a patient had multiple 

measurement points, as further measurements confirmed the presence of antibodies but 

would have distorted the statistical analyses. [73].  

3.2. Ethical considerations 

All participants in the study were fully informed about the study protocol and provided 

written consent to participate in the study. All procedures were performed in accordance 

with ethical approval number 19048-Á2/2018/EKU issued by the Ethics Committee 

(Clinical Pharmacology Ethics Committee of the Health Sciences Council) [72]. Data 

anonymization ensured patient anonymity. All procedures performed in the study were in 

accordance with the 1964 Declaration of Helsinki and its later amendments [74]. 

3.3. Methods 

Prior to administration of the next biological therapy dose, 6 ml of native blood sample 

was collected to measure the trough level (TRL) of various biological therapies. Serums 

as part of routine laboratory procedures were centrifuged (at room temperature, 2300×g, 

for 10 minutes) and stored at -20 °C until use. 

LisaTracker Duo Infliximab, Duo Adalimumab, Duo Vedolizumab, and Duo 

Ustekinumab In Vitro Diagnostic ELISA kits (Biosynex Theradiag, Croissy Beaubourg, 

France) were used for measurement. The tests were performed using the DAS APE 
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ELITE ELISA device (DAS Instruments, Rome, Italy) [72]. The tests were used in 

accordance with the manufacturer's protocol following internal quality control alongside 

patient samples to ensure the validity and reproducibility of the procedure within the 

batch. The performance data for the various ELISA assays are summarized in Table 5. 

Table 5. Detection limit (LoD) and test range data for the duo adalimumab and duo 

infliximab ELISA assays [75]. (Abbreviations: LoD: Limit of detection) [72] 

ELISA test name Limit of detection (LoD) Assay range 

 

Adalimumab/Infliximab 

 

0.3 mg/L 

(above the 95th 

percentile) 

0.3 mg/L - 20 mg/L 

 

anti-Adalimumab/anti-

Infliximab 

 

10 µg/L 

(above the 95th 

percentile) 

10 µg/L - 160 µg/L /10 µg/L 

- 200 µg/L 

 

Ustekinumab 

 

0.4 mg/L 

(above the 95th 

percentile) 

0.4 mg/L - 10 mg/L 

 

anti-Ustekinumab 

 

3 AU/L 

(above the 95th 

percentile) 

3 AU/L - 100 AU/L 

 

Vedolizumab 

 

2 mg/L 

(above the 95th 

percentile) 

2 mg/L - 60 mg/L 

 

anti-Vedolizumab 

 

35 µg/L 

(above the 95th 

percentile) 

35 µg/L – 500 µg/L 

 

Throughout induction phase, the target trough level value was set at a minimum of 15 

mg/L for IFX and a minimum of 10 μg/mL for ADA at 6 and 4 weeks, respectively. 

Throughout maintenance phase the target trough level range is between 3 and 7 mg/L for 
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IFX and between 5 and 10 mg/L for ADA. For AIFX and AADA, the thresholds are 9 

μg/L and 4 μg/L, respectively, as recommended by ESPGHAN [72; 76].  

For the patients selected for the study, there were no selection criteria based on the subtype 

of disease (CD vs. UC), the type of treatment, location or the stage of the IBD. However, 

we consider these disease characteristics to be important to take into account during the 

evaluation. The various patient characteristics are summarized in Tables 6 and 7.  

 

Table 6. Patient characteristics. Clinical data were normalized to the number of patients, 

excluding multiple measurement time points from the same individual. Comparisons 

were performed between Infliximab and Adalimumab treatment groups in the Crohn’s 

disease and Colitis ulcerosa cohorts. Abbreviations: 5-ASA, 5-aminosalicylates; IBD, 

inflammatory bowel disease. Disease localization: L1, terminal ileum; L2, colon; L3, 

ileocolon; L4, upper gastrointestinal tract (modifier of L1–L3); E1, proctitis; E2, left-

sided colitis (up to the splenic flexure); E3, extensive colitis (beyond the splenic flexure). 

Disease course: B1, non-stricturing, non-penetrating; B2, stricturing; B3, penetrating. 

Disease severity: S0, clinical remission; S1, mild UC (≤4 bloody stools/day, no systemic 

toxicity); S2, moderate Colitis ulcerosa (above 4-5 stools/day, minor systemic toxicity) 

(see on the next page). [72]. 
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Crohn’s disease Ulcerative colitis Total 

Infliximab Adalimumab Infliximab Adalimumab   

Number of patients 

(m/f) 
50 (27/23) 59 (23/36) 

 

13 (6/7) 
31 (14/17) 153 (70/83) 

Children  10 (6%) 18 (12%) 5 (3%) 7 (5%) 40 (26%) 

Adult 40 (26%) 41 (27%) 8 (5%) 24 (16%) 113 (74%) 

Onset in childhood 24 (16%) 37 (24%) 5 (3%) 10 (7%) 76 (50%) 

Age at disease onset 

(years) 
19.1 [11.3-25 15.3 [12.5-21.8 22.5 [15.7-32.9] 24.1 [14.8-40.8] 

18.6 [12.2-

27.7] 

Time from disease 

onset to initiation of 

biologic therapy (year) 

5.09 [3.6-12.9] 3.92 [1.4-11.5] 4.16 [1.2-8.9] 3.59 [1.5-10.4] 
4.42 [1.7-

11.3 

Antibody against IFX 

or ADA: 
          

Yes 16 (11%) 5 (3%) 5 (3%) 6 (4%) 32 (21%) 

No 34 (22%) 54 (36%) 8 (5%) 25 (16%) 121 (79%) 

Sampling age (year) 31.9 [23.4-41 26.6 [17.8-38.8] 32.5 [17.2-45.1] 
33.9 30.7 [18-

41.7] [18.6-53] 

Localization:           

L1/E1 7 (4%) 11 (7%) 1 (1%) - 19 (12%) 

L2/E2 16 (10%) 14 (9%) 6 (4%) 12 (8%) 48 (31%) 

L3-4/E3-4 21 (14%) 29 (19%) 5 (3%) 18 (12%) 73 (48%) 

N/A 6 (4%) 5 (3%) 1 (1%) 1 (1%) 13 (9%) 

Attitude:           

B1/S0 26 (17%) 25 (16%) 5 (3%) 14 (9%) 68 (45%) 

B2/B3/S1 21 (14%) 30 (19%) 7 (5%) 17 (11%) 75 (49%) 

N/A 3 (2%) 4 (3%) 1 (1%) - 10 (6%) 

Immunosuppression:          

Yes 21 (14%) 33 (22%) 6 (4%) 13 (8%) 73 (48%) 

No 16 (10%) 20 (13%)  4 (3%) 11 (7%) 51 (33%) 

N/A 13 (8%) 6 (4%) 3 (2%) 7 (5%) 29 (19%) 

Steroid:           

Yes 9 (6%) 8 (5%) 3 (2%) 6 (4%) 26 (17%) 

No 27 (17%) 44 (29%) 7 (5%) 18 (12%) 96 (63%) 

N/A 14 (9%) 7 (5%)  3 (1%) 7 (5%) 31 (20%) 

5-ASA:           

Yes 9 (6%) 21 (14%) 7 (5%) 18 (12%) 55 (36%) 

No  7 (5%) 20 (13%) 2 (1%) 3 (2%) 32 (21%) 

N/A  34 (22%) 18 (12%) 4 (3%)  10 (6%) 66 (43%) 

Intensification:           

Yes 11 (7%) 13 (8%) 4 (3%) 8 (5%) 36 (23%) 

No  35 (23%) 44 (29%)  7 (5%) 22 (14%) 108 (71%) 

N/A 4 (3%) 2 (1%) 2 (1%) 1 (1%) 9 (6%) 
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Table 7. Frequency of biological therapeutic antibody formation in patients with 

inflammatory bowel disease treated with TNF and non-TNF inhibitors, Crohn's disease 

and ulcerative colitis [77]. 

Anti-TNF (Infliximab, Adalimumab) 

 Crohn's disease Ulcerative colitis Total 

  Infliximab Adalimumab Infliximab Adalimumab   

Patients number 

(male/female) 
50 (27/23) 59 (23/36) 13 (6/7) 31 (14/17) 

153 

(70/83) 

Children 10 (6%) 18 (12%) 5 (3%) 7 (5%) 40 (26%) 

Adults 40 (26%) 41 (27%) 8 (5%) 24 (16%) 113 (74%) 

Imm. supp. therapy 19 (38%) 32 (54%) 7 (54%) 14 (45%) 72 (47%) 

Antibody formation 

against IFX/ADA 
16 (32%) 5 (8%) 5 (38%) 6 (19%) 32 (21%) 

           

Ustekinumab–Vedolizumab 

 Crohn's disease Ulcerative colitis Total 

  Ustekinumab Vedolizumab Ustekinumab Vedolizumab   

Number of patients 

(men/women) 
83 (43/40) 24 (15/9) 18 (8/10) 56 (26/30) 

181 

(84/97) 

Children 40 (22%) 7 (4%) 9 (50%) 20 (36%) 76 (42%) 

Adults 43 (24%) 17 (9%) 9 (50%) 36 (64%) 105 (58%) 

Imm. supp. therapy 3 (4%) 1 (4%) 0 1 (2%) 4 (2%) 

Antibody formation 

against UST/VDZ 
13 (16%) 8 (33%) 2 (11%) 14 (25%) 37 (20%) 
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3.4. Statistical analysis 

In the first part of our study, we performed hierarchical logistic regression analysis to 

identify clinical variables associated with drug antibody positivity, using binary variables 

(Yes/No for the presence of AIFX/AADA). Continuous predictors (age at disease onset 

and duration of treatment) were standardized using logarithmic transformation. Nominal 

predictors composed of gender, IBD subtype (UC or CD), immunosuppressive therapy 

status, type of biologic therapy (ADA or IFX), and dose intensification [72]. 

The hierarchical model consisted of four steps: 1. The basis was a reference model. 2. In 

step 2, biological sex, age at disease onset, localization, and IBD subtype were added. 

Then, in step 3, treatment duration, immunosuppressive therapy, type of biological 

therapy, and dose intensification were added to the system [72]. Finally, in step 4, two- 

and three-way interaction terms were fitted into the model. Collinearity among predictors, 

including higher-order interaction terms, was assessed using the Variance Inflation Factor 

(VIF). In the final model, the total VIF value of the predictors was below the critical 

threshold of 5.0 (maximum VIF = 2.85), confirming the acceptable stability of the model 

[72]. 

We sought to determine the incremental variance (∆R 2) explained by treatment-related 

factors and higher-order interactions over established, unmodifiable patient 

characteristics. Progressive block design allows for a systematic evaluation of whether 

the addition of complex interactions significantly improves model fit compared to simpler 

additive models, thereby confirming the presumed synergistic nature of immunogenicity 

risk (see Table 8) [72]. 

Table 8. Fit of statistical analysis results and degree of fit in the final model 

Diagnostic test Value Explanation 

Hosmer–Lemeshow goodness-of-fit 

test (p-value) 

0.518 Confirms appropriate model 

calibration (p > 0.05). 

Maximum VIF (Variance Inflation 

Factor) 

2.85 Indicates minimal 

multicollinearity 

Model performance (Nagelkerke R2) 0.287 Indicates partial variance 

explanation 
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3.5. Second- and third-line therapies 

Clinical severity was evaluated using CDAI for adult Crohn’s disease, pMayo for adult 

ulcerative colitis, and PCDAI or PUCAI for paediatric patients. Remission was defined 

as CDAI <150, pMayo <3, or PCDAI/PUCAI <10. Vedolizumab was administered 

intravenously at weeks 0, 2nd, and 6th, followed by 300 mg at 8-week intervals, with 

dose intensification to every 4th weeks if required. Ustekinumab was given as intravenous 

induction (weight-based), followed by 90 mg subcutaneous maintenance every 8–12th 

weeks, with interval adjustment to every 4 weeks if necessary [77]. 

3.6. Therapeutic drug monitoring and statistical analysis 

Therapeutic drug monitoring (TDM) was performed using ELISA to assess pre-dose drug 

concentrations and anti-drug antibodies, applying reactive or proactive strategies. Target 

trough levels were above 3.5 µg/mL (induction) and above 1 µg/mL (maintenance) for 

ustekinumab, and above 15 µg/mL (induction) and above 12 µg/mL (maintenance) for 

vedolizumab. 

In this part of the study, the prevalence of antibody formation was compared between 

first-line and second-/third-line ustekinumab and/or vedolizumab therapies using chi-

square (χ²) test or Fisher’s exact test in a multivariate analysis [77].  
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4. RESULTS 

 

 

4.1. First-line treatments 

We performed hierarchical logistic regression to identify factors associated with 

AIFX/AADA positivity. The basic analysis consisted of five models (M0–M5), each of 

which contained variable blocks based on thematic relevance [72]. 

The base model (M0) was completely empty, containing no variables, and was used as a 

reference for comparison with subsequent models. In this model, we estimate the 

frequency of antibody formation based on which is more prevalent in the data set 

(antibody present: 15.78%, antibody absent: 84.21%) [72]. 

Model M1: this model included the biological sex of the patients (we had to exclude the 

age of the patients, as age was strongly correlated with the time of onset of the disease). 

Table 9 shows that model M1 was not significantly different from the empty (M0) model. 

Therefore, it cannot be stated that considering the sex of patients as an independent factor 

provides a better estimate of antibody formation [72]. 

Table 9. Significance level of models M0 and M1 in relation to each other. 

 

The second model (M2) introduced biological sex and age at onset, location, and type of 

IBD, but these additions did not significantly improve the fit of the model (Table 10).  

Table 10. Introduction of the next (M2) model into the system. 

 

The third model (M3), which included treatment-related factors (treatment duration, 

immunosuppressive therapy, type of biological therapy, and intensification), showed a 
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significant improvement in performance compared to the previous models (p = 0.002) 

(Table 11).  

Table 11. Introduction of the next (M3) model into the system. 

 

Model M4: In this model, we initially considered CRP as a laboratory parameter with 

predictive value. Table 12 shows that the inclusion of CRP also improved the 

performance of the model. 

Table 12. Introduction of the M4 model into the system. 

 

The final model (M5), which also included interaction terms, further improved the model 

fit (p = 0.047). The Nagelkerke R2value of M4 was 0.287, indicating that our selected 

clinical variables explain 28.7% of the variance in antibody positivity. This indicates that 

most of the variance (more than 70%) is not explained by the clinical parameters used 

here. The predictive power of the model was confirmed by an AUC of 0.806, a sensitivity 

of 71.0%, and a specificity of 77.6% at the optimal cutoff point (Tables 13 and 14). 
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Table 13. Introduction of the M5 model into the system. 

 

Table 14. Details of the final model (Estimate coefficient). A positive value correlates 

with antibody formation, while a negative value indicates no correlation. 

 

The CRP laboratory parameter introduced in the M4 model as an interaction term 

predicting antibody formation is a well-known and well-studied factor in the literature. 

Therefore, we did not take this model into account in our further investigations. We 

inserted our final interaction model (M5) into the hierarchical logistic regression system 

and will refer to it as model M4 in the following (Table 15). 
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Table 15. Summary of hierarchical model. The table shows the p-values and goodness-

of-fit of the hierarchically nested models (from M0 to M4) based on Nagelkerke R2values 

[72] 

Model p R2 Variables 

M0    

M1 0.701 0.001 Gender 

M2 0.132 0.025 M1 +  

Onset age, Localisation and the IBD type 

M3 0.002 0.107 M2  

Treatment Time, Imm. suppr. therapy, Type of biological 

therapy and Intensification 

M4 0.043 0.291 M3 

Interaction terms 

 

The M4model identified several significant main effects and interaction factors. IFX 

therapy was a strong predictor of antibody positivity, with patients receiving infliximab 

nearly seven times more likely to have detectable antibodies than those receiving 

adalimumab (OR = 6.940, p = 0.004). The duration of treatment also significantly 

influenced antibody formation: longer treatment duration increased the likelihood of 

antibody positivity (OR = 2.505, p = 0.029). Localization was also a significant factor 

(OR=2.216, p=0.049), suggesting that specific anatomical locations influence 

AIFX/AADA antibody positivity [72]. 

I also found synergistic interactions in the M4model. The interaction between treatment 

duration and type of biological therapy (OR=0.220, p=0.005) indicates that longer 

treatment duration increases the risk of antibody formation, which was not apparent in 

the case of infliximab. The interaction between age at disease onset and type of IBD (OR 

= 8.023, p = 0.031) suggests that UC patients, regardless of the type of biological therapy, 

were more likely to be antibody-positive if their IBD began in childhood. However, when 

examining a three-way interaction (age at onset × type of IBD × type of biological therapy 

(OR = 0.019, p = 0.042)) showed that the combined effect of childhood onset and IBD 
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type (UC or CD) on AIFX/AADA positivity was significantly influenced by the type of 

anti-TNF agent. In patients whose disease began in childhood, IFX therapy was 

associated with a higher risk of e antibody positivity than adalimumab therapy. This effect 

was more pronounced in UC. In contrast, in patients with adult-onset IBD, the difference 

in antibody positivity prevalence between ADA and IFX therapy is reduced in the UC 

group [72]. 

A significant three-way interaction between antibody positivity and treatment duration × 

IBD type × type of biological therapy (OR = 82.745, p = 0.042) indicates a complex 

relationship between the variables. Longer treatment durations with IFX significantly 

predispose patients with both CD and UC to a higher likelihood of antibody positivity 

compared with ADA therapy (Figure 3A and B) [72].  
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3. Figure  

A: Probabilities of antibody positivity by initial age, biologic therapy, and type of IBD. 

The y-axis shows the predicted log probabilities, and biologic therapies (ADA and IFX) 

are shown on the x-axis. Gray (CD) and green (UC) dots represent an individual data 

points.  

B: Antibody positivity probabilities by treatment duration, anti-TNF-α therapy, and IBD 

status. The panels depict three treatment groups duration quartiles: (0.00–1.00), (1.00–

3.17), and (3.17–14.09) years. The y-axis shows the predicted log probabilities, and 

biological drugs (ADA and IFX) are plotted on the x-axis. Individual data points are 

represented by gray (CD) and green (UC) dots [72]. 

4.2. Second- and third-line preparations 

In our further investigations, we compared the first-line therapeutic results (ADA/IFX) 

with the antibody formation rates observed in second-line biological therapies 

(VDZ/UST) and the effect of immunosuppressive treatments on them [77].  
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The patient composition of the two databases differed slightly. In the population receiving 

TNF-α inhibitors, the proportion of children was 26%, while in the USTE/VDZ group it 

was significantly higher, at 42%. In the entire patient population, the proportion of 

Crohn's disease was 57–60%, while that of ulcerative colitis was 40–43%. The incidence 

of antibody formation in the two databases was 21% and 20%, respectively (IFX/ADA: 

32/153; UST/VDZ: 37/181). No statistically significant difference was observed between 

the two groups (χ²=0.0006; p=0.98). No difference was observed between the patient 

groups in terms of IBD type: the same immunogenicity rate was observed in CD (p=0.92) 

and UC (p=0.21) [77]. 

The comparison between biological therapies showed significant differences. In the case 

of IFX, the frequency of antibody formation was 33%, while in the case of ADA it was 

only 12%, which showed a significant difference (χ²=10.8; p=0.001). In second-line 

treatments, the UST antibody formation rate was 15%, while that of VDZ-treated patients 

was 28%, but the difference between the two groups did not reach statistical significance 

(χ²=2.62; p=0.105), but a tendency toward higher immunogenicity was observed with 

VDZ therapy. It should be noted that a significant proportion of the antibodies detected 

for vedolizumab and ustekinumab did not cause clinical loss of efficacy, suggesting that 

some of these antibodies are low-titer, non-neutralizing, or transient antibodies. Notably 

that the increased analytical sensitivity of the drug tolerance measurement method used 

may have contributed to the more frequent detection of antibody positivity, but this does 

not necessarily indicate clinically relevant immunogenicity (Figure 4) [77]. 
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4. Figure. Frequency of antibody formation in biological therapy for IBD in case of TNF 

and non-TNF inhibitors. (Abbreviations: IFX: Infliximab, ADA: Adalimumab, TNF: 

Tumor Necrosis Factor, UST: Ustekinumab, VDZ: Vedolizumab) [77] 

 

4.3. Combination therapy 

The simultaneous use of immunosuppressive agents occurred significantly more 

frequently in patients receiving anti-TNF-α treatment than in those receiving UST or VDZ 

therapy. In the anti-TNF group, 47% of patients received immunosuppressive treatment, 

compared with only 2% in the UST/VDZ group. The Fisher's exact test performed showed 

an extremely significant difference between the two therapeutic groups (p=1.33×10⁻²⁴), 

with an OR (odds ratio) was 39.3, indicating that anti-TNF-α treatment is associated with 

a 39-fold higher chance of concomitant use of immunosuppressive agents than VDZ or 

UST. This difference is statistically and clinically significant, but it is consistent with the 

pharmacological profile of biological agents and current therapeutic recommendations. 

According to the literature, anti-TNF agents have higher immunogenicity, therefore it is 

often necessary to use immunosuppressive combinations to prevent or reduce antibody 

formation. In contrast, UST and VDZ have low immunogenicity, and combination therapy 

is not part of the standard treatment practice which was also confirmed in the study 



35 
 

population. In a combined multivariate analysis, neither age (child–adult division), 

biological sex, nor inflammatory bowel disease diagnosis significantly influenced the 

occurrence of antibody formation in any of the patient populations we examined [77].  
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5. DISCUSSION 

 

5.1. First-line therapies 

In our publication at the end of 2025, we highlighted that the long-term effectiveness of 

anti-TNF-α therapy (TNF-α) therapies used as biological therapies, such as infliximab 

(IFX) and adalimumab (ADA), is often affected by the development of antibodies against 

the drug. Several individual factors contributing to their immunogenicity are known, but 

the complex, interacting effects of various clinical variables in real-world clinical practice 

not completely clear yet [72]. 

The main finding of our studies is the identification of complex interactions between 

clinical indicators that contribute to antibody formation in a heterogeneous patient 

population over the course of their lives. The introduction of a hierarchical logistic 

regression model has made it possible to gain a more accurate understanding of these 

relationships, which, based on the literature, have not been studied before.  

In our research, we analyzed and identified several factors associated with the occurrence 

of anti-TNF-α antibodies in patients with UC and CD. The model used in this study 

supports the information found in the literature that the duration of treatment and the type 

of biological therapy (IFX vs. ADA) are key predictors of TNF antibody formation [78] 

and that IFX has a more pronounced immunological effect than ADA [72]. 

Earlier studies reported that childhood-onset IBD is associated with altered immune 

regulation, which may be linked to an increased risk of drug-induced antibody formation 

[79; 80]. My results support this and add that this risk is further influenced by the specific 

anti-TNF agent used and the subtype of IBD. In patients with childhood-onset UC treated 

with infliximab, the particularly high tendency to form antibodies is consistent with the 

known higher immunogenicity of the chimeric IFX molecule compared to the humanized 

ADA molecule. This suggests that the immature and developing immune system of young 

patients with ulcerative colitis may respond more strongly to non-human epitopes present 

in infliximab. Overall, these findings highlight the importance of carefully tailoring 

biological therapy in childhood-onset IBD, particularly in ulcerative colitis, where 

infliximab is frequently used as first-line treatment [81].  



37 
 

The different antibody formation risks between IFX and ADA and their association with 

longer treatment duration emphasize the importance of long-term TDM and antibody 

testing. This confirms observations in the literature that longer treatment periods may 

result in a stronger immune response. [82]. 

The model we used showed statistically significant predictive performance, as evidenced 

by an AUC value of 0.806. However, Nagelkerke R² = 0.287 suggests that predictions 

based solely on clinical factors have limited explanatory power. In contrast, prediction 

models that also integrate critical pharmacokinetic variables, such as initial drug levels or 

genetic markers related to drug metabolism, typically show higher predictive power, often 

with AUC values above 0.85 [72]. 

The primary goal of our study is to provide an easily accessible clinical framework for 

early antibody formation risk assessment. This allows for the identification of patients 

who can benefit most from proactive therapeutic drug monitoring (TDM) interventions 

[83]. The beneficial effects of TDM have been confirmed by several studies, and 

according to the latest data, it is a recommended and widely used procedure for optimizing 

anti-TNF treatments in pediatric IBD patients [84]. 

5.2. Second- and third-line therapies 

In the further part of our investigations, we compared the immunogenicity of first-, 

second- and third-line preparations. In our paper accepted for publication in Orvosi 

Hetilap in 2026, we pointed out that although the average immunogenicity of biological 

agents may be similar, there are significant differences between individual molecules. The 

high immunogenicity of IFX, compared to the lower value of ADA, justifies close 

proactive monitoring and combination therapy. In the case of VDZ and UST, the results 

require a more nuanced approach, taking into account the possible presence of transient 

antibodies [77].  

The immunological response to the different agents was approximately the same in the 

entire patient population, with a total antibody formation rate of 21% and 20% in the two 

groups, respectively. This indicates that differences in the composition of patient 

populations (e.g., child-adult ratio or differences in diagnosis distribution) do not 

significantly affect the immune response. There was a significant difference in the 
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comparison between therapies. IFX treatment was associated with the highest 

immunogenicity, which was more than twice the rate observed with ADA treatment. This 

is consistent with previous international observations (e.g., the PANTS study), which 

found that chimeric IFX is more immunogenic than fully human ADA [85]. 

Among the second-line drugs, UST showed the lowest antibody formation rate, which is 

consistent with the international literature, where long-term studies (e.g., IM-UNITI LTE) 

have also confirmed immunogenicity below 5% [22]. VDZ is known to have low 

immunogenicity, but a higher rate of antibody positivity can be detected in certain groups, 

as confirmed by my own studies. The 28% anti-vedolizumab positivity I measured is 

higher than the 4% measured in the GEMINI studies [86]. This difference can probably 

be explained by the measurement methodology: modern drug-tolerant assays are able to 

detect antibodies even when the drug is present in the serum, thus revealing "hidden" 

immunogenicity. Drug-tolerant assays may reveal more frequent antibody positivity, but 

their clinical relevance is not always clear, as in many cases the antibodies are non-

neutralizing or transient [87]. 

Our studies also included a comparison between IBD types. Here, no difference in the 

frequency of antibody formation was detected in either therapeutic group when 

comparing Crohn's disease and ulcerative colitis. We also did not identify any association 

between antibody formation and gender or age. This confirms the assumption that 

immunogenicity is determined by the type of biological agent, its protein structure, and 

its pharmacokinetics [53]. 

5.3. Limitations 

During our investigations, we had to contend with a number of methodological and 

practical limitations that affected both the model construction and the interpretability of 

the results. The most important limitation was the retrospective and cross-sectional nature 

of the study, as the single-time point sampling of the does not allow for the examination 

of the temporal dynamics of antibody formation. As a result, transient and persistent 

antibodies cannot be distinguished, even though, according to the literature, transient 

antibodies often disappear spontaneously and have less influence on long-term clinical 

outcomes, while persistent antibodies are clearly associated with loss of efficacy and a 



39 
 

sustained decrease in drug levels. Therefore, based on a single measurement, the degree 

of clinically relevant immunogenicity may be overestimated. 

Due to the cross-sectional design, causal relationships cannot be clearly established. It 

cannot be determined with certainty whether low drug levels led to immunization or 

whether the appearance of antibodies caused the decrease in drug levels; at most, it can 

be said that these differences are associated. Therefore, the results primarily reflect 

associations, and prospective validation is necessary in order to draw causal conclusions 

and formulate clinical guidelines. 

Another significant limitation was the relatively small sample size (n=153/n=183), which 

led to low statistical power and wide confidence intervals, especially when examining 

higher-order, three-variable interactions. This suggests instability and inaccuracy in the 

models, so my results are more hypothesis-generating in nature and need to be confirmed 

in larger, well-defined, independent groups. For several variables, such as 5-ASA status 

or immunosuppressive treatment, a significant proportion of data were missing, which I 

treated as an "N/A" category. This may have caused bias and contributed to the relatively 

low explanatory power of the model (Nagelkerke R² = 0.287). 

The interpretation of the results may also have been influenced by the heterogeneity of 

the patient population, as the sample included both pediatric and adult patients, different 

disease phenotypes, and both bio-naive and previously biologically treated patients. 

Although the statistical analysis did not show significant differences along these factors, 

these differences could potentially affect immunogenicity. Finally, the results are assay-

specific: the sensitivity and drug tolerance of the LisaTracker ELISA kits used may have 

influenced the measurement outcomes, limiting direct comparison with studies using 

different methods, such as the homogeneous mobility shift assay (HMSA) [88]. 

Overall, it is important to consider the limitations arising from the cross-sectional design, 

sample size, data loss, and methodological characteristics when interpreting the study [72; 

77]. 
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6. CONCLUSIONS 

 

The long-term efficacy of first-line TNF-α inhibitors (IFX, ADA) and second- and third-

line agents (VDZ, UST) commonly used in the treatment of IBD is significantly 

influenced by the development of antibodies against them. Although several factors are 

known to contribute to immunogenicity, the complex, interacting roles of routinely 

available clinical variables have been little studied in real-world patient populations. 

Our studies confirm that the formation of anti-TNF-α antibodies represents one of the 

most significant and critical challenges in the biological treatment of IBD. Based on our 

results, infliximab treatment and duration of therapy are key predictive factors that are 

closely correlated with an elevated risk of immunogenicity. However, the most important 

novelty of this work is not the identification of a single isolated factor, but the discovery 

of complex, synergistic interactions between routinely available clinical variables. These 

results indicate that the combination of patient demographics, disease subtype, and 

therapeutic parameters creates predictive patterns that are moderate in themselves but 

have statistically significant predictive value. This systems-level approach opens up new 

perspectives in the assessment of immunogenicity risk [72]. 

The hierarchical modeling strategy used in the evaluation of first-line therapies allows 

risk assessment in clinical practice to be based not only on individual parameters but also 

on higher-order relationships between factors, thereby contributing to the refinement of 

personalized monitoring and therapeutic decision-making [72]. 

Based on our further results, the frequency of antibody formation does not depend on the 

patient population, but primarily on the biological therapy used. There are significant 

differences in immunogenicity between different agents, which justifies the differentiated 

use of therapeutic drug level monitoring. Close, regular monitoring is recommended 

during IFX treatment, while in the case of UST and ADA, less frequent monitoring may 

be sufficient due to their lower immunogenicity risk. Therapeutic drug monitoring plays 

a crucial role in the early detection of antibody formation and timely intervention, which 

fundamentally influence long-term clinical outcomes. Proactive monitoring and wider use 
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of targeted combination therapies are expected to contribute to maintaining the 

effectiveness of biological treatments in both pediatric and adult IBD [72; 77]. 
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7. SUMMARY 

 

Overall, the novelty of our findings is as follows:  

1. In a real-world pediatric and adult IBD patient population, we demonstrated that 

a combination of routinely available clinical variables can predict antibody 

formation associated with biologic therapies to a moderate but clinically relevant 

extent. 

2. Using a hierarchical logistic regression model, we demonstrated that infliximab 

treatment is an independent, significant risk factor for the development of 

immunogenicity, and that the duration of treatment further increases this risk. 

3. We were the first to identify that three-way interactions between age at disease 

onset, IBD subtype, and type of therapy significantly modify the risk of 

immunogenicity. 

4. We confirmed that the probability of antibody formation is significantly higher in 

childhood-onset ulcerative colitis treated with infliximab. 

5. We demonstrated that prolonged exposure to infliximab further increases the risk 

of immunogenicity in ulcerative colitis. 

6. In patients receiving second- and third-line biological therapies, antibody 

formation was determined predominantly by the immunogenicity of the 

administered biologic rather than by patient-related characteristics, including age, 

disease type, or prior biologic exposure. This finding supports the use of biologic-

specific TDM to guide therapy optimization. 
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