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LIST OF ABBREVIATIONS

5-ASA — 5-aminosalicylates
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AIFX — Anti-Infliximab Antibody
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IBD — Inflammatory Bowel Disease

IBD-U — Inflammatory Bowel Disease - Unclassified
IFX — Infliximab

Ig - Immunglobulin

LoD — Limit of Detection
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NAD — Neutralizing Antibodies

OR — Odds Ratios



RES — Reticulo-Endothelial System
TDM — Therapeutic Drug Monitoring
TNF-a — Tumor Necrosis Factor-alpha
TRL — Trough Level

UC — Ulcerative Colitis
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VDZ — Vedolizumab



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

Nature of Common
Type Affected area ) ) Depth
inflammation symptoms
Abdominal
. . pain,
) Anywhere in the Intermittent, Deeper ]
Crohn's disease o diarrhea,
digestive tract patchy layers _
weight
loss
Bloody
_ o Only the large ) Mucous )
Ulcerative colitis _ ) Continuous diarrhea,
intestine membrane
cramps
Inflammatory .
) ) ) Transient
bowel disease Unclear Mixed Mixed
o symptoms
unclassified

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



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, Mzpyruvate 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-a (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].



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].

Surgery

Aiologic thera&

Immunosuppressant therapy

Steroids \

5-ASA

/ Diet, probiotics, lifestyle changes \

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 1gG1 (Immunoglobulin) monoclonal antibody, and
adalimumab, a completely human IgG1 antibody (Figure 2), neutralize tumor
necrosis factor-o (TNF-a), thereby inhibiting the downstream inflammatory
cascade, reducing the expression of endothelial adhesion molecules, and

suppressing the activity of effector immune cells [17; 28; 29].



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-a47 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 Thl and Thi7
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].
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Figure 2. Immune structure of various biological therapeutic drugs [34]. (Abbreviations:
TNFR-Tumornecrosis Factor Alpha Receptor, Fv fragment variable, Fc-fragment

constant)



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 Key Study / Typical

(Brand) Target Efficacy Dosing Approx. Cost
Infliximab
(Remicade; TNF-a, (RCES?vHvk[lllg ]_ 5 mg/kg IV 100 mg vial:
biosimilars: chimeric 849 -res onse wkO0,2,6; then | 97,000-154,000
Zessly, Inflectra, |1gG1 590/2 rerr?issioﬁ q8w HUF
Remsima, Flixabi)
Adalimumab RESEAT 40 mg SC
(Humira g
biosimilars: TNF-a, [44]ECD): wqu q.Z\ZijS . 40 mg prefilled
Hyrimoz fully human | |, 82% response; | (induction: pen: 174,000—

' IMAGINE [45] |double dose for ' ’
Yuflyma, lgG1 “Wk fi 275,000 HUF/2
Amgevita, Hulio (CD): w 26 — first 1-2
Idacio Hu'kyndra;) 34% remission | injections)

GEMINI [46]:

AR7 CD wk6 — 15%
Vedolizumab ?ntg rin vs 71%; UC wk6 300 mg IV 300 mg vial:
: gnn, 1479 vs 26%; | wk0,2,6; then g vial.
(Entyvio) human ds Wk 702,000 HUF
IgG1 peds wk14 — UC | g8w

37-76%, CD

14-42%
Ustekinumab
(Stelara; ?C’\g;r I\/\Eﬁg]_ IV 6 mg/kg
biosimilars: TNF- wkO (<55 kg Vials: 45-130
Yesintek, IL-12/23, experienced 260 mg, 55-85 | mg 823,000
Imuldosa, human 34(?/ VS 220 kg 390 mg, >85 | 852,000 HUF;
Pyzchiva, 1gG1 TNIg-na'l've ;’zo/ kg520 mg), |90 mg SC
Stegeyma, . ® | then SC 90 mg |1,849,000 HUF

Vs 29%; peds
Uzpruvo, wk8 and ql2w
Wezenla) CD approved
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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-a 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-a, a4fB7 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
Week 2nd Week 6th Week 14th
Infliximab 5-10 pg/ml
20-25 pg/ml 15-20 pg/ml 7-10 pg/ml
Week 4th Week 12th
Adalimumab 8-12 pg/ml
8-12 pg/ml 8-12 pg/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 pg/mL measured during
the induction phase and >10-15 pg/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 pug/mL measured during the induction phase (week 8) and
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>1-3 pg/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 Clinical Recommended | Significance
level interpretation | action in case of | of antibodies
target low levels
(Mg/mL)
vDZzZ Induction >20-25 Higher chance Shortening of Rarely
(week 6) of clinical dosing interval clinically
response relevant
vDZzZ Maintenance | >10-15 Remissionand | 8 — 4-6 weeks Mostly
mucosal healing temporary
VDZ Loss of <10 Subtherapeutic Interval Switching in
response level shortening case of high
antibody
UST Induction >3-7 Clinical IV reinduction Rare, but may
(Week 8) response more may be be relevant
likely considered
UST Maintenance >1-3 Maintenance of 12—-8—4 Persistent
remission weeks antibody rare
UST Loss of <1 Subtherapeutic Dose Switching in
response level intensification 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-A2/2018/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, 2300xg,

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

0.3 mg/L
Adalimumab/Infliximab (above the 95th 0.3 mg/L - 20 mg/L

percentile)

. . . 10 pg/L
anti-Adalimumab/anti- 10 pg/L - 160 pg/L /10 pg/L
o (above the 95th
Infliximab ] - 200 po/L
percentile)

0.4 mg/L
Ustekinumab (above the 95th 0.4 mg/L - 10 mg/L
percentile)
3 AU/L
anti-Ustekinumab (above the 95th 3 AU/L - 100 AU/L
percentile)
2 mg/L
Vedolizumab (above the 95th 2 mg/L - 60 mg/L
percentile)
35 pg/L
anti-Vedolizumab (above the 95th 35 pg/L — 500 pg/L

percentile)

Throughout induction phase, the target trough level value was set at a minimum of 15
mg/L for IFX and a minimum of 10 pg/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
ug/L and 4 pg/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: Bl, non-stricturing, non-penetrating; B2, stricturing; B3, penetrating.
Disease severity: SO, 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
N“mbezn‘l’/fﬂpaﬁe“‘s 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%)
Ageat (‘y“es:j‘:)e onset | 1o 111325 | 153[12.521.8 | 22.5[15.7-32.9] | 24.1[14.8-40.5] 18'267{17?‘2'
Time fr.orfl.dis.ease 4.42 [1.7-
onset to initiation of | 5.09 [3.6-12.9] | 3.92[1.4-11.5] 4.16 [1.2-8.9] 3.59[1.5-10.4] 1.3
biologic therapy (year)
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] 339 30.7 18-
[18.6-53] 41.7]
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 153
50 (27/23) 59 (23/36) 13 (6/7) 31 (14/17)
(male/female) (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
16 (32%) 5 (8%) 5 (38%) 6 (19%) 32 (21%)
against IFX/ADA
Ustekinumab—Vedolizumab
Crohn's disease Ulcerative colitis Total
Ustekinumab | Vedolizumab | Ustekinumab | Vedolizumab
Number of patients 181
83 (43/40) 24 (15/9) 18 (8/10) 56 (26/30)
(men/women) (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
13 (16%) 8 (33%) 2 (11%) 14 (25%) 37 (20%)
against UST/VDZ
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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 (AR 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 0.518 Confirms appropriate model
test (p-value) calibration (p > 0.05).
Maximum VIF (Variance Inflation 2.85 Indicates minimal
Factor) multicollinearity
Model performance (Nagelkerke R?) 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 PUCALI 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 pg/mL (induction) and above 1 pg/mL (maintenance) for
ustekinumab, and above 15 pg/mL (induction) and above 12 pg/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 (y?) 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-MS5), 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 MO and M1 in relation to each other.

Model Deviance AlC BIC df AX? p
M, 198.890 200.890 204.319 227
M, 198.743 202.743 209.602 226 0.147 0.701

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.

Model Deviance AlC BIC df AX? p
Mo 198.890 200.890 204.319 227
M, 198.743 202.743 209.602 226 0.147 0.701
M, 193.128 203.128 220.275 223 5615 0.132

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 Deviance AIC BIC df AX? p
Mo 198.890 200.890 204.319 227
M, 198.743 202.743 209.602 226 0.147 0.701
M, 193.128 203.128 220.275 223 5.615 0.132
M, 176.666 194.666 225.530 219 16.463 0.002

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.

Model Deviance AlC BIC df AX? p
Mo 198.890 200.890 204.319 227
M, 198.743 202.743 209.602 226 0.147 0.701
M. 193.128 203.128 220.275 223 5.615 0.132
Ma 176.666 194.666 225.530 219 16.463 0.002
M, 169.865 189.865 224158 218 6.801 0.009

The final model (M5), which also included interaction terms, further improved the model
fit (p = 0.047). The Nagelkerke R?value 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.

Model Deviance AIC BIC df AX? p
Mo 198.890 200.890 204.319 227
M, 198.743 202.743 209.602 226 0.147 0.701
M. 193.128 203.128 220.275 223 5.615 0.132
M; 176.666 194.666 225.530 219 16.463 0.002
M. 169.865 189.865 224.158 218 6.801 0.009
Ms 147.779 189.779 261.795 207 22.086 0.024

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

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

Coefficients
Model Estimate p
Ms (Intercept) -5.349 3.451e-5
Std log(Age at onset) -0.840 0.073
Localisation 0.685 0.098
Std log(Treatment time) 0.992 0.017
Std log(CRP) 0.705 0.003
Gender (Female) 0.178 0.696
1BD (UC) 0.840 0.406
Immunotherapy (Yes) 0.596 0.230
Biological (IFX) 1.917 0.006
Intensification (Yes) -0.563 0.317
Std log(Age at onset) * Std log(Treatment time) 0.216 0.633
Std log(Age at onset) * Biological (IFX) 0.975 0.082
Std log(Age at onset) * IBD (UC) 1.795 0.059
Std log(Treatment time) * Biological (IFX) -1.757 0.002
Std log(Treatment time) * IBD (UC) =1'332 0.142
IBD (UC) * Biological (IFX) 2.761 0.241
Std log(Age at onset) * Std log(Treatment time) * Biological (IFX) 0.534 0.349
Std log(Age at onset) * Std log(Treatment time) * IBD (UC) -0.080 0.928
Std log(Age at onset) * IBD (UC) * Biological (IFX) -5.206 0.022
Std log(Treatment time) * IBD (UC) * Biological (IFX) 4.790 0.045
Std log(Age at onset) * Std log(Treatment time) * IBD (UC) * Biological (IFX) -3.649 0.097

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 R?values
[72]

Model p R? Variables
MO
M 0.701  0.001 Gender
M: 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
My 0.043  0.291 M3

Interaction terms

The Masmodel 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 Mamodel. 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 x type of IBD X 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 x
IBD type X 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-a 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-a 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 (¥*=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 (¥*>=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
(*=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-a 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=1.33x107%%),
with an OR (odds ratio) was 39.3, indicating that anti-TNF-a 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
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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-a therapy (TNF-a) 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-a 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].
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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 R? = 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
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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 R? = 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-a 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-a 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.

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.

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.

We confirmed that the probability of antibody formation is significantly higher in
childhood-onset ulcerative colitis treated with infliximab.

We demonstrated that prolonged exposure to infliximab further increases the risk
of immunogenicity in ulcerative colitis.

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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Abstract

Background: Biological therapy is frequently used for the treatment of inflammatory bowel
disease (IBD); however, the long-term efficacy of anti-tumor necrosis factor-alpha (TNF- a)
therapies, such as infliximab (IFX) and adalimumab (ADA|, is often compromised by the
development of antidrug antibodies (AIFX and AADA, respectively). While several individual
factors are known to contribute to immunogenicity, the complex, interactive effects of various
clinical variables have not been fully elucidated in a real-world setting. Methods: We conducted a
hierarchical logistic regression analysis on a retrospective cohort of 153 pediatric and adult 1BD
patients receiving IFX or ADA therapy to identify clinical factors and their interactions associated
with AIFX/AADA positivity. The analysis progressively incorporated demographic, disease-related,
and treatment-related variables, culminating in a model that included two- and three-way
interaction terms. Results: Cur final model demonstrated modest predictive power, with a
Nagelkerke R?0f0.287, explaining less than 30% of the variance in antibody positivity using readily
available clinical data (AUC of 0.806, 71.0% sensitivity and 77.6% specificity). Key predictors
included the type of biological therapy (IFX vs. ADA) and the duration of treatment, with IFX
therapy being a significant independent predictor (OR = 6.940, p = 0.004) for antibody positivity.
Importantly, we identified novel three way interactions, revealing that the combined effect of age
at disease onset, IBD subtype, and biological therapy type significantly influences antibody
formation (p = 0.042), particularly in childhood-onset ulcerative calitis patients treated with IFX.
A similar interaction was found for treatment duration, I1BD subtype, and therapy type (p = 0.042),
where the risk of antibody positivity with IFX increased significantly with treatment length,
particularly in UC patients. Conclusions: This study highlights that the combination of routine
clinical variables in IBD offers a data-driven, mechanistically insightful framework, supporting the
prediction of AIFX/AADA positivity to a modest extent. This framework requires prosoective and
external validation before clinical implementation.

(https://creativecommons.org/ licenses /by/4.0/).
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1. Introduction

Inflammatory bowel disease (IBDY), comprising Crohn’s disease (CD) and ulcerative
colitis (UC), is a group of chronic inflammatory conditions of the gastrointestinal tract. The
pathophysiology of IBD is multifaceted and involves an abnormal immune response in the
gut, leading to chronic inflammation. Tumor necrosis factor-alpha (TNF— o) plays a central
role in the inflammatory cascade, and anti-TWNF — o therapies, such as infliximab (IFX) and
adalimumab (ADA), have revolutionized the management of IBD [1].

The effectiveness of these agents, however, is often limited by the development of
antidrug antibodies { ADAs), which can reduce drug concentration and lead to secondary
loss of response (sLOR) [2]. The presence of anti-infliximab antibodies {AIFX) is particularly
concerning, as it has been linked to higher rates of treatment discontinuation and an
increased risk of infusion-related adverse events [3,4]. While IFX 15 known to have a higher
immunogenicity due to its chimeric structure, the formation of anti-adalimumab antibodies
(A ADAS) also remains a significant clinical concern [5,6].

The ability to identify patients at an increased risk of developing ADAs 1s crucial for
ophmizing treatment strategies and improving long-term outcomes. In a cohort study, patients
who developed AIFX experienced a higher rate of treatment discontinuation due to loss of
response compared to those without AIFX [7 5], This report highlights the clinical importance
of early detection of AIFX to make appropriate decisions on therapy modification.

ADA, which is another biologic against TNF-o, offers an alternative to IFX, but the
presence of AADA has been correlated with decreased serum adalimumab concentrations
and reduced clinical response rates. In the DLIAMOMND trial, a subanalysis revealed that pa-
tients with detectable AADA had significantly lower trough levels of ADA and dimanished
clinical remission rates [8]. Furthermore, a study demonstrated that higher ADA trough
levels were associated with sustained clinical remission, whereas the presence of AADA
predicted treatment failure [9]. This reinforces the utility of AADA detection in guiding
therapeutic decisions.

There is a clear clinical need to acknowledge patient-specific factors that predispose to
antibody development [10]. This would help the identification of patients who are at an
increased risk of having AIFX and AADA. Despite the wealth of literature on individual
risk factors, the complex interplay and synergistic effects between clinical variables have
not been adequately explored in heterogeneous, real-world patient populations. Traditional
multivanate methods often struggle to systematically assess the incremental value of
adding high-order interaction terms informed by clinical theory. To address this gap, we
hypothesized that the risk of immunogenicity is not merely an additive effect of known
factors but is modulated by complex, synergistic high-order interactions among patient
demographics, disease characteristics, and treatment regimens. We applied a hierarchical
statistical modeling approach to systematically analyze the individual and interactive
effects of various clinical parameters on the development of anti-TNF-alpha antibodies ina

diverse cohort of pediatric and adult IBDX patients.

2. Patients and Methods
2.1. Patients” Envollment

A cross-sectional study was conducted between June 20200 and December 2021,
enrolling 40 children and 113 adults with IBD from the Paediatric Centre, Department
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of Surgery, Transplantation and Gastroenterology, and Department of Internal Medicine
and Oncology at Semmelweis University. The inclusion criteria were a diagnosis of IBDY
based on the revised Porto criteria of the European Society for Paediatric Gastroenterology,
Hepatology and Nutrition (ESPGIHAN] for children and the diagnostic recommendations of
the European Crohn's and Colitis Organisation (ECCO) For adults, and were performed us-
ing a consecutive method [11,12]. The inclusion of both pediatric (n = 40) and adult (n = 113)
patients reflects the spectrum of [BD care managed in a high-velume tertiary setting, Rec-
agnizing the critical difference in immunological development between these groups, the
study design explicitly incorporated Age at Onset as a major predictor, specifically utilizing
its interaction terms to model and account for potential age-related confounding effects on
immunogenicity risk.

2.2, Eftucal Statement

Dﬂ.l’a wWere cn]lected :F(]l' Tl]l.ll"Ll'IE Elllnicill care, ﬂnd no additi:mal b'nud !‘émp\.ﬂ“! wWere
taken far the purpose of this study. Informed consent was obtained from all participants in
this study, and all procedures were approved as declared in our ethical permission issued
by the ethics committee (Medical Research Council, Ministry of Interior) with Mo, 19048-
A2/2018/FKU. The de-identification of data ensured the anonymity of the patients. All
procedures performed in this study were in accordance with the 1964 Helsinki Declaration
and its later amendments.

2.3 Mekhods

Before the receipt of the next IFX or ADA dose, @ mL native blood samples were
taken to measure trough IFX and ADA levels (TRL). Sera for IFX, ADA and antibody level
detection were centrifuged (room temperature, 23003 g, 10 min). Samples were stored
at —20 "C and used for ADA, AADA, IFX, and AIFX concentration measurements. For
this purpose, LisaTracker Duo Inflisimab and Duo Adalimumab In Vitro Diagnostic ELTSA
kits (Biosynex Theradiag, Croissy Beaubourg, France) were used. The assays were per-
formed with the DAS APE ELITE ELISA instrument {[MAS Instruments, Rome, Italy). The
assavs were performed according to the manufacturer’s specifications with internal quality
controls run alongside patient samples to ensure procedural validity and reproducibility
within the batch. Assay performance data are summarized in Table 1.

Table 1. Limit of detection (LoD} and assay range data of due adalimumal and duo infliximab ELISA
assays [13].

Adalimumab/ Infliximab anti-Adalimumab / anti-Infliximab
Limil of detection (LoD} 03mg/L 10 pg /L
(=95th percentilel {=95th percentile)
) Adalirnurnab  Inflixisaly anti-Adalimummak,” anti-Infliximab
Agsay range 0
. mE.,J'L-EI] mEJL 10 pg,-‘L—lnhﬂ FE)’LJID pﬁfl—lﬂﬂ |_L5,|‘L

During induction l}lg’rapy, target TEL were defined at least IFX 15 mg,n"L and at least

ADA 75 pp/mL at 6 and 4 weeks, respectively. During maintenance therapy, target TRL
ranges are 3-7 mg/ L and 5-10 mg/ L for IFX and ADA, respectively. For AIFX and AADA
the cut-off levels are 9 pg /L and 2 pg /L, respectively, as proposed by ESPGHAMN [14]

2.4, Stakistical Analysic

A hierarchical logistic regression analysis was performed to identify clinical variables
assaciated with ant-drug antibody positivity. The dependent variable was binary (Yes /Mo
for ATEX/ AADA presence). Continuous predictors (Age at Onset and Treatment Time) were
standardized 1.I5III'II.; a I{:gar'll]'lm'lc transformation Categuﬁca] predll:tnrs included Gender,
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IBD subtype (UC or CD), immunosuppressive therapy status, type of biological therapy
{ADA or IFX), and dose mtensification. This approach was utilized not for prediction
optimization (as in stepwise regression) but to test a theory-driven, confirmatory hypothesis,
Spec'lﬂcally, we aimed to determine the incremental vanance [ﬁ.Rl} e'x]::la]‘ried ]:!}' treatment-
related factors (Ms) and high-order nteractions (My) over established, non-modifiable
patient characteristics {M; and Mj}. The progressive block design allows for a systematic
assessment of whether the addition of ::}mplzx mteractons :E'lﬂn'lﬁc.anl]:,r imPnn'ali model
fit compared to simpler additive models, thereby confirming the hypothesized synergistic
nature of immunogenicity risk.

The hierarchical model consisted of four steps: a reference model [Mg), followed
by M, {adding Gender), M; (adding Age at Onset, Localization, and 1BD subtype), My
{adding Treatment Time, immunosuppressive therapy, type of biological therapy, and dose
intensification), and finally, M, which incorporated two- and three-way interaction terms.,
Collinearity among predictors, including high-order interaction terms, was assessed using
the Variance Inflation Factor (VIF). All VIF values for the predictors in the final model
(M) were below the critical threshold of 5.0 (Maximum VIF = 2.85), confirming acceptable
model stability, see Table 2.

Table 2. Madel Diagnostic Metrics for the Final Logistic Regression Model (8]

Diagmostic Test Value Interpretation

Hesmer-Lemeshow Goodness-of-Fil Test (p-value) 0.518 Confirms adequate maodel calibration {p > 0.05),
Mlancimuam VIF (Varianoe Inflation Factor) 285 Indicates minimal multiesllinsarity.

Model Performance (Nagelkeske Rz:l 0287 Indicates partial variance explanation.

The anal:,nls‘uu 'lncluded !iE‘I'e'[a] cah:‘gnnca l vari.al:lle_li [E_E_. T_ucallzal‘i.lm‘ Immun{x‘quPrE!-.-
sion status) containing notable proportions of missing data ("N /A"), as detailed in Table 3.
To avoid lstwise deletion, which would reduce the effective sample size and introduce
selection bias, these “N /A" values were treated as a distinet, third categorical level within
the respective predictor variables (eg., Immunosuppression: Yes, No, M/A) We recognize
that this approach may introduce limitations, which are discussed subsequently. Model
comparisons were based on likelihood-ratio tests, and explanatory power was assessed us-
ing the Magelkerke R® value, The optimal cut-off value for the final model was determined
using the Youden method to calculate sensitivity, specificity, and the area under the curve
{AUC). All analyses were conducted in JASP (0.19.3) with a level of significance of 0,05,

Table 3. Patients’ characteristics. Clinical data normalized to the number of patients {excluding multi-
Ple measurement points from one patienth IFX vs, ADA in CD vs, UCsample. Abbreviations: 5-ASA:
S-aminosalicylates, ADA: adalimumab; CD: Crohn's disease; IBL: inflammatory bowel disease;
IFX: imfliximab; UC: uleerative colitis; Localization (CD): L1: Terminal ileum; L2: Colon; L3: Beocolon;
La: Upper gastrointestinal (modifier for L1 L2 or L3 (UC): ELl: Ulserative proctitis [pectum
anly); E2: Lefl-shled colitis {up to splenic fexumw); E3 Extensive colitis (beyond splenic Oexure},
Atitude: B1: Non-siricturing: non-penetrating: B2: Swicturing: B3: Penctrating. Severity: 50¢ Clinical
remission; 1= Mild UC (<4 bleody stools daily; no systemic toxicity): 82 Moderate UC (=4-5 stools
daily; minimal systemic toxicity).

MNumber of patients im/f1
Children
Adult
Childhoeod onset
Diszase initial age [yearh

D uc Tutal
IFX ADA ADA
30 (27,23 8 (2%/74) (M/17) 153 (70/B3)
10 {5%) 18 (12%) 7 i5%) 40 (267
40 {2650} a1 {275 24165} 113 (4%}
24 {14%} 37 (1) 3 14 (7%) 76 (50%)
191 [11.3-25) 15,3 [12.5-21E] 25 [15.7-32.9] 241 [14.E-40.8] 186[12.1-27.7]
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Table 3. Caut.
Total
IFX ADA IFX ADA
“"‘;f;“:]'o;‘ﬂ“l“l’;:l:;g";::;““ 506 [3.6-12.9] 392 [L4-11 5] £16[1.2-89] 358 [1.5-10.4] 4.42 [17-113]
Antibody against IFX ar ADA:
Ve 16 (11%) 5 (1%) S (3%) 6 (1% 32 (21%,)
Mo (2] 54 {36%) 8 (5%) 25 [16%) 121 (7%}
Age at sampling {year) 319 [2.4-41) 26.6 [17.8-38.8] 325 (172451 3398 |18.6-53] 0T [1341.7]
Laocalizatian:
L1/E1 7 (4% 11 (7%) - 19 (12%)
12/E2 16 (10%) 14 (%) 12 (B%) 48 (31%)
L34ASE3A 21 (14%) 29 (19%:) 18 (12%:} TE4E)
M A 6 (4% 5 (3%} 101%) 13 (5%)
Attitude:
B1 /50 26 (17%) 25 L&) 14 (5] B8 (45%)
B2/B3/S1 21 (14%) 30 {19%) 17 (11%) 75 (49%)
MfA 3 (%) 4(3%) - 10 %)
Immunosup pression:
Yes 21 (14%) 33 (22} 13 (8% 73 (48%)
Mo 16 (10%) 20 {135} 11(7%) 51 (33%)
MrA 13 {B%) Gl T3 28 (19%)
Eteroid:
Ve 9 (5% B(5%]) 6 (1%) 26 (17%)
Mo 27 (17%) 44 aan) 18 (125 6 (635
MNfA 14{5%) 7% 7% 31 §200%,)
5-ASA:
Ve 9 (%) 21 {1450} 7 (5%) 18 (125} 55 [36%)
Mo 7 (5%) 20 {13%} 2(1%) 3(2%) 32 (21%,)
NFA (225 18 £12%} 4(3%) 10 (6% B4 143%)
Intensification:
Yes 114{7%) 13 (B%) 4 (3%) H(3%) 3G (25%)
Mo A5 () 44 (2975} T 22 (14%) 108 (F1%)
MfA &(3%) 2{1%]) 2(1%) 101%) a (B%)
3. Results

3.1. Pakents" Charactéristics aond Clinical Dita

A total of 153 patients were included in the analysis, of whom 40 were children and
113 were adults. The clinical charactenstics of the cohort are detailed in Table 3. Owverall,
21% of patients (32 /153) were positive for ADAs.

3.2, Mode! Fit and Higrarchical Structure

A hierarchical logistic regression was conducted bo identify factors associated with
AIFX/ AADA positivity. The analysis comprised four models (Mg-NMy), each incorporat-
ing blocks of variables based on thematic relevance. For a detailed description of the
performance of the models created in the block design, see Table £

The baseline model (Mp) was completely empty and was used as a reference for
comparing subsequent models, The brst and second models (M and Mz) introduced the
Gender and Age at Onset, Localization, and IBD type, respectively, but these addibions did
not improve the model fitness.

The third model (M, ), which incorporated treatment-related factors (Treatment Time,
Immune suppression therapy, Type of Biological Therapy, and Intensification), showed a
significant improvement in performance over the previous models (p = 0.002).

The final model (M), which included interaction terms, Further improved the model fit
{p = 0.047). The Nagelkerke R value for My was {1287, indicabing that our selected clinical
vamables explain a partial 28.7% of the variance in antibody positivity. This indicates that a
large portion of the variance (over 70%) remains unexplained by the clinical parameters
utilized here. The model's predictive power was confirmed by an AUC of 0.806, with a
sensitivity of 71.0% and a speciicity of 77.6% at the optimal cut-off value.

62



Bearmefacines 2028, 13, 2622

6ok 1]

Table & Hierarchical Model Steucture. The table alows the p-value and the efficiency of the fit of the
hierarchically constructed madels (My—y) via Nagelkerke R? values. The p values in the table indicale
whether the model’s performance significantly improved in comparison with the previous model.

Model p K* Variables

MO

My 0701 0.001 Gemnder
M1 =

Mz 0152 0.025 Age al onset, Localization, [BD type
M2+

My 0,002 0.107 Treatment Time, Immune suppression therapy, Type of Biological
Therapy, Intensification

My 03 pze B

Interaction terms

3.3. Significant Main Effects and Interactions

The final model identified several significant main effects and interaction terms, see
Table 5. IEX therapy was a powerful predictor of antibody positivity, with patients receiving
IFX being nearly seven times more hkely to have detectable antibodies than those on ADA
{OR = 6.940, p = 0.004}. The duration of treatment was also a significant predictor, with
a longer treatment period increasing the likelthood of antibody positivity (OR = 2505,
p = 0.02%). Localization was also a significant factor (OR = 2.216, p = 0.049), sugzesting that
specific anatomical lecalizations are associated with AIFX/ AADA antibody positivity.

Table 5. Sigrificant factors in the final logistic ragression model (M)

Variable Ddds Ratio ((OR} ¥5"% Confidence Interval p-Value
Type of Biological Therapy {1FX vs. ADA) 6 540 189015067 004
Treatmendt Time 2505 1.107-5.672 0Z%
Localization 2216 10024 502 0.04%
Interaction: Treatment Time = Type of Biologscal Therapy 0.32n D0Té=-0 658 0.5
Interaction: Age at Unset < IBD Type B3 1222-52 584 0061
Interaction: Age at Onset < [B Type « Type of Biological Therapy ooy Don-0.725 0.2
Interaction: Treatment Time = [BD Type < T\l’FE(IF Bielogical Therapy 51745 125054754497 0z

In addition to the main effects, the final model included a number of interaction terms
to explore possible synergistic effects between predictors, and four interactions reached
statistical _Ii{gn'lﬁc,ance. The Treatment Time and T}rpe of B{{Jlnglcal 'n'lErap],r interaction
(OR = 0.220, p= 0.005) indicates that hmger treatment appears to increase the risk of AADA,
but not for AIFX. The interaction Age at Onsetp = [BD bype (OR = 8.023, p = 0L031) suggests
that UC patients, variations in age at onset affect AIFX/ AADA positivity, as AIFX/ AADA
puositivity was more probable when [BD started in childhood.

The significance of three-way interaction, Age at Onset < [BD type « Type of Biological
Therapy (OR = 0019, p = 0.042), highlights the possibility of a comiplex relationship between
age at onset, IBD type, and type of bielogics used. This interaction demonstrates that the
combined effect of childhood during onset and IBDY type (UC or CD) on AIFX/AADA
positivity 1s significantly influenced by the type of anti-TINF agent. However, it should
be noted that the interpretation of the three-way interactions should be interpreted with
caution due to the marginal p values (p = (.042) and the limited sample size. For patients
whao were children at onset, [FX therapy was associated with a greater risk of AIFX/AADA
posibivity compared to ADA therapy. This effect is more significant in UC. To the contrary,
in patients with adult-onset IBD, the difference in antibedy positivity prevalence between
ADA and IFX tl'uemp:,' dimmishes in the UC group {Fis‘ure 1)
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Under 18 Above 18

2 257 2.5
E'&? 0.0 K 0.0
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a2l 251 @ . -2.54 B CD
22 B UC
o= -50- -5.01
iy
i =7.51 T T —7.59 T T

ADA IFX ADA IFX

Biological

Figure 1. Logilt predicted probabilities of antibody positivity stratified by age at onset, biological
therapy, and [BD type. Predicted log probabilities are plotted an the y-axis, with biological therapies
(ADA and [FX) on e v-axis. Gray dols reprasant individual Crohn's disease (CD) patients and graen
dots represent individual Ulcerative Colitis (UC) patients. The plot illustrates the complex three-way
interaclion, particularly the increased risk associated with IFX in childhood-onset UC.

The significant three-way interaction between AIFX/ AADA positivity and Treatment
Time = [BD type « Type of Biological Therapy (OR = §2.745, p = (1.042) highlights the
complex relationship between these variables. This suggests that longer treatment durations
with [FX significantly predispose both CD¥ and UC patients to a higher prevalence of
antibody positivity compared to ADA therapy (Figure 2). Furthermaore, it s essential to note
that the three-way interaction invalving Treatment Time exhibited a highly volatile odds
ratio (OR = B2.745) with an extremely wide confidence interval (95% CI 1.250-5475.497).
This wide interval strongly suggests limited predsion and potential nstability in modeling
this highly specific subgroup, likely due to cell sparsity, and should be interpreted as purely
exploratory rather than confirmatory:

Treatment time groups

0.00-1.00 1.00-3.17 3.17-14.09
> 254 251 2.5
‘E-l‘-u
@ @ 004 0.0 1 ® hé 0.0
=i g é Efl IBD
Q954 -2.5 a =25+ B CD
2 ® uc
= -504 -5.04 ~5.01
-
L L S | SS— L S—

ADA  IFX ADA  IFX ADA  IFX

Biological

Tiﬁun 2 LnE:it pmd icted th-ahiliti&i af antihmiy pnsitwity stratifiad 'IJ}-' treatment time, anti-THF-
alpha therapy, and IBD status. The panels represent three treatment time quartiles derived from
the log-transformed data: Q1 (0.00-1.00 yvears), Q2 {1.00-3.17 vears), and Q3 (217-14.09 years),
respectively. Predicted log probabilities are plotted on the y-axis, with biological therapies (ADA
and IFX} on the x-axis. Gray dots represent individual Crohn’s disease (CD) patients and green dols
represent individual Ulcerative Colits (UC) patients.
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4. Discussion

Our study reinforces the well-documented finding that IFX has a higher immunogenic
potential compared to ADA. However, the primary value of our research lies in the identifica-
tion of complex interactions between clinical factors that contribute to antibody formation in a
real-world, heterogenepus patient population, Our hierarchical modeling approach allowed
for a nuanced understanding of these relationships, which has not been widely explored in
the e’kiﬁﬁnﬁ literature. In our cross-sectional :s'k:ud:,rr weanal_vmd and idenbified some factors
that are associated with the presence of ant-TNF antibodies in UC and CIF subjects. The hier-
archical Ingistic regression model in the present study supports that treatment duration and
type of biological therapy (IFX vs. ADA) are key predictors of ant-TNF antibody farmation,
which is consistent with previous studies published in the literature [15].

The finding of a sigmificant three-way interaction invalving age at onset, IBD subtype,
and biological therapy is particularly notable. Previous research has suggested that [BD
starting in childhood is associated with altered immune regulation, potentally leading to
a heightened nisk of anti-drug antibody formation [4,10]. Our findings expand on this by
showing that this nisk is further medulated by the specific anti-TMF agent used and the
IED .»iubl'_l,rpe. The Part'n:ularl}r ]'II!.;]'I risk observed in childhood-onset UC paﬁenbﬁ on [FX
aligns with the known higher immunogenicity of the chimeric [FX molecule compared to
the humanized ADA molecule, suggesting that the naive, developing immune system in
young UC patients may be highly reactive to the non-human epitopes present in [FX_ This
differential response underscores the need for personalized selechon of binlogical agents in
pediatric cohorts, particularly for UC, where IFX is often a frequent first-line choice [14].

The significant interaction between treatment duration and bype of therapy also pro-
vides critical clinical insights. The increasing divergence in antibody prevalence between
IFX and ADA with longer treatment duration underscores the importance of long-term
Therapeutic Drug Monitoring (TDM) and antibody testing to preemptively address po-
tential treatment failure [14]. This association is consistent with 'Flmviuuzi studies that
demonstrate longer therapy perinds enhance the immune response. These findings also
support the importance of early detection of AIFX/ AADA positivity and corresponding
madification of therapy to prevent treatment faitlure in the long-term [4,5].

While our model achieved a statistically significant AUC of 0806, the Nagelkerke
R* of 0,287 confirms that clinical factors alone provide enly partial prediction. Dedicated
prediction models incorporating critical pharmacokinetic variables—such as initial drug
trough levels or genetic markers associated with drug metabolism—typically achieve
higher predictive capability (e.g., AUCs exceeding 0.85). The key implication of our study,
therefore, 15 not to replace these dedicated biomarker panels but to provide a readily
accessible, clinical framework for early risk stratification, identifying patients who may
benefit most from proactive TDM interventions [16-19]. The advantage of TDM has been
proposed by many researchers, and according to the latest surveys, it is the pediatric IBD
population in which is recommended and widely used for the optimization of therapy in
the case of anbi-TNF treatments [20,21].

The study’s design allowed us to enroll IBD patients of different ages and stages
on ADA or IFX. Therefore, the results are characteristic of the population treated at a
tertiary-care setting, where biological therapy treatment is provided for IBD, and they can
be considered as “real-life” observations.

5. Study Limitations

This study is subject to several limitations inherent to its retrospective and cross-
sectional design. First, the observed associations between clinical factors and antibody

presence do not establish cau:i.alil}'; thus, we cannot infer that |:1tnﬁer treatment duration
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causes antibody formation, only that longer duration is predicted by or associated with
antibody presence at the ime of sampling. Prospective validation is essential before any
causal inference can be made or clinical guidelines derived. Second, despite recruiting from
a tertiary cenfer, the everall cohort size (M = 153) remains moedest, espeaally when explonng
high-order, threge-way mteraction terms. This limited power manifests in the extremely wide
confidence intervals observed for some interaction effects (Table 5), indicating instability
and ||'rm'hed 'PIEEi?iIIlTI'I ]In m(ldeling H'IE!!E _'i'PI!CIIﬁE, ."ipar!i&“ .‘iubE"VLIFIE. Th&‘ I'E‘!l.llt'i dl!rll'l"ﬂd
fram these complex interactions must therefore be treated as strictly hypothesis-generating,
requiring confirmation in larger, well-powered, and externally validated coharts. Third,
the reliance on retrospective clinacal data introduced notable propoertions of missing data
("M /A" for several variables (e, 5-ASA status, Immunosuppression status). Although
these were handled |J:,-' treah'ng AW AT as a dishinet :ategor}-', t]'.isapprnad‘u risks tmduclng
bias associated with missingness, which may further contribute to the unexplained variance

{71.5%) in the model.

6. Conclusions

In conclusion, our study confirms that anti-TNF-alpha antibody formation is a major
challenge in [BD* management, with [FX therapy and treatment duration being key pre-
dictors. The most significant finding, however, is the discovery of complex, synergistic
interactions between easily accessible clinical factors, which provide a significant, albeit
modest, predictive value. Our hierarchical modeling approach offers a framework for
integrating multiple patient-specific variables to better assess the risk of immunogenicity.
This framework requires prospective and external validation before it can be effectively
integrated into routine clinical support systems for optimizing patient monitoring and
preventing therapeutic fatlure in [BD care.
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AADA Anti-Adalimumab Antibody

ADA Adalimumaks

AlFX Anti-Infliximab Antibody

AUC Area Under Curve

co Crohn's Disease

ELISA Enzyme-linked Immunosorbent Assay
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ESPGHAN  European Society for Pasdiatric Gastroenterslogy Hepatology and Mutrition
IBD Inflammatory Bowel Dissasza

IFX Infliximab

LoD Limit of Detection

LOR Loss of Response

ORs Odds Ratios

DM Therapeutic Drug Monitoring

TNF-ix Tumer Mecrosis Factor Alpha

TEL Trough Level

uc Ulcerative Colitis
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Az antitestkeépzodés gyakorisaga
biologiai terapiak soran gyulladasos
belbetegsegekben

Sajar adatokkal illusztralva

Kovaes Kriszeiin' ©® = Nagypil Petra dr.* » Visirhelyi Barna dr.!
Dezsifi-Gottl Antal dr. = Béres Nora Judit de.® » Miheller Pal dr.?
Tliss Akos dr.® = Balogh Anna dr.* » Prehoda Bence dr.® » Tobi Luca dr.?
Szabé Artila dr.? » Csch Aron dr.?

'Semmelweis Egyetem, Altalinos Orvostudomanyi Kar, Laboratoriumi Medicing Intezet, Budapest

*Semmelweis Egyetem, Altalinos Orvostudominyi Kar, Gvermekgrogyaszati Klinika, Budapest

‘Semmelweis Egyetem, Altalinos Orvostudomin

Sebesaeti, Transzplanticios es Gasztroenterologiai Kli

‘Semmelweis Egyetem, Altalinos Orvostadomanyi Kar, Belgyogyiseati és Onkolagiai Klinika, Budapest

A gyulladieos bélbetepeéaek kereliachen & biologaai reripifk forradalmg viltozder hozrak, lehetde réve a npAlkaliie-
ryaszinol gydgyulis &5 a varnds remisszion, E késalominyek hardkonysigdn azonban jelencdisen korlivozea az immu-
nogenitis, vagyis 3 grdgvazerellenes antitesrek képaddéae, amely hardsvesandahes verether. Viasgdlanink célja a hazai
mérdsl eredmények dekiniéee volt rumoenekedzisfikior-gatld infliximab (IFX)- és adalimumab (ADA)-, valaming
midsecvenalbel vedolizumal (VIDZ)- és ustekinumal (UST)-terdpia mellen, A 2020 &5 2025 kieiin o Semmelwels
Egyeremen goadozon 153 (IFX/ADA), valaming 183 {UST,/VDE) gyermek &4 felndrr, gyulladisos bélberegscgben
szenved bereg adarar clemezcik a kénrerdpids csopostban. Az elemzés sordn a kereszimetszen adargyijeés mddsze-
rér alkalmagnik, Kie gdavitve 3 legiijabb imstimosaav-rechiikik dral srolgdlamire adarokkal. A reljes populiciaban az
antitestkipaddis ardaya a kit kezelésl csoportban 21% és 2006 volt (IFX/ADA: 32153, USTE /VDZ: 37 /181, p =
098], A rerdpidk kbeom Osszehasonlivisban az IFX mellert nagyobb immunogeniis volt meghgyelhed (33,0%),
amely meghalada a@ ADA Getchben rapaszralt dercker (12,00 p = 0,000 Az antitest-pozitiviths UST mellerr ala-
cscny {15,0%), mig VDDZ mellewr nem szignifikinsan, de nagyobb ariny volt mérherd (28,08, p < 0,105). A gyulla-
disas bélberegséy nipisa, az detkor & 4 e szernt egik teripiacioportban sem volt kimurarhard killonbadg az
antitestkipeddes grakorisizaban, Erediménveink minitatnak, hogy bir a bioldgiai szerck dtlagos imimdnogenitas
hasanld leher, az egyes molekulik kozo pelends eliérések vannak, Az IFX nagy immunogenitica, szemben az ADA
alacsanvabb éerékdvel, indokalja & 326508 Proakniy mosilarozssr & a kambindcios kezelsl A VIVZ és az UST eseré-
ben az eredmények drnyalabl meghkoaelivést igényelnek, gyelembe véve az esetleges rranzitorkus antivestek jelen-
lénér. A vizsgilar alithiasztja 4 reedpiis gydayazersanl-monitorozis Kiemell szerepet 4 teripia optimalizdlisiban.
Orv Hedl. 2026: 167(8): 291-299.

Kulesszavak: gyulladisos belberegsdy, biokigial teripia, immusogenitds, gydgyseercllenes antitesr, weripids gyogy-
sZersZint-manirorazdis

Frequency of antibody formarion during biological therapies in inlammarory
bowel discascs

Hiustrated by original data

EBiclogical therapies kave revolutionized the treaiment of inflammarory bowel diseases enabling mucosal healing and
sustaiied pemisdon. However, thelr long-terim effectivencid i substantially Lmited by imminogeiaciry, namely the
development of anti-drug antibodies, which may lead 1o sccondary loss of respoinse. The aim of our stidy was ro
evaluare real-woeld Emmunogenicity dara in Hungary ameng patients weated with mmor necrosis Bctor inhibiiors
infliximab (TEX) and adalimumab (ADA), g well a second-line biological sgeints vedolizumab (VD) and uctekini-

DI 101256650 2026 35493 » & Szl m 202 « 167 &viayan, & uzim = 20129,
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mal (UST). We performed 3 ceoss-sectional analyds of 153 inflamsatory bowel disease patients recciving [FX or
ADA and 183 paticnts teeated with UST o VIRE, followed ar Seminelwels Univessity berween 20200and 2025, Both
pediatric and adult patients were ncluded. Immunogenicity dara were assessed wang modeen immunoassay tech-
niguies, and pesiiles were analyzed sccording 1o rreatinent groups, discase charscreristics, age, amd sex. The oveeall
prevalence of ann-drug anubodies was comparable berween reaiment groups (IFX/ADA: 1%, 327153, UST/
WDZE: 20%, 377180 p = 098], In mwlccule-spocific amalyses, IFX was associated with agnificantly higher immune-
geniciry {33.0% ) compared with ADA (12,08, p = 0.001). Anribody posiiviry was low in patienrs weared with UST
{12.0%}, whik 2 non-significantly higher rate was obscrved with VDZ (28.0%; p = 0.105). No sgnaficant diffcronccs
in inmunogeniciny were derected aceording ro inflammartory bowel diseases subrype, age, or sex. Although the ove-
rall immumogenicity of bielogical therapacs may appear anular, subsannal differences cxist borween mdmidual agems.
The higher immunogenicity of IFX compared with ADA supports the need for proactive therapeutic drug monivos-
ing and, where appropriate, combination therapy. In the case of VIOZ and UST, 2 more nuanced imerpretation is
required, considering the porential presence of wransient annbodics. Our findings further emphasize the pivotal role
of therapeutic drug monitoring in oprimizing biological treatment siraregies in inflammarory bowel diseases.

Keyworde: inflaminatory bowel disease, biological therapy, inmunogenicity, anti-drug antibodies, therapeitic deug
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Ritviditésck

AADA < antiadalimumab-antitesr, ADA < adalimuimaby; ATFX
= antiinfixmab-antiest; AUST = antusrckinwmab-anoest;
AVDZE = annvedolizumab-anoirest; CIY = {cluster of differcn-
tation ) differencidcids kKlaszrer; ECCO < (European Crobn's
and Colitis Organisation) Eurdpai Crohn és Colitis Szervezer;
ELISA = [emryme-linked immunososbent assaw) easimber
Eapesolt imminseorbems-vizgsgilar, ESPTGHAN < (Eugopean
Sociery for Maediaric Gastroenterology Hepatology and Nut-
ririon) Eurdpai Gyermek-gasatrocnreroldgial, Heparoldgia s
Tiplilkozistidomdny Tarsasdg, HLA o huindn leukocynsanri-
gén; HMSA = (homogenous mobility shifi assay) homogén
mobilitdsi colddis rizaﬁ.’ih'[; IFY = infliximab, OR = {odds
vanin j esélvhdnvados TNFe = ramosnekroaisfakooealty; UST =
ustekinumab; VIIE o vedolizumalb

A pyulladisos bélbere gségek, amelvek legfontosabb kép-
visclii a {'.mhn-bc:h:gség &5 a colitis u]ucr:n.l_ a gastro-
intestinalis traktus kranikus, relapsusokkal és remissziok-
kal  tarkitott  grulladisos korképel. E beregscpck
etiologidia mulufaksonilis: a genenkal hajlam, a kimye-
zet1 tényezdk (mine példiul a tiplilkozis és a dohiny-
#ds ), valamint a bél mikrobiomjinak dyshiosisa egytinte -
sen vezernek az immunrendszer diszreguliciojihoz és a
bélfal autoimmun jellegl kirosodisihoz. A beregségek
nawvekvd incidenciija &s prevalencidjs viligszeree, iy ha-
zankban is, jelentGs népegészsegig kihivast jelent, kii-
londs tekmntcttel a Ratal életkorban toriénd mamfeseea-
ciora, amely hosszd tava, clethosszig tarte orvosi ellatast
s gondozist igénvel [1].

Az elmile két évuzedben a gyulladisos bélberegségek
kezelése torradalmi valeozdsokon mene kereseril. A ha-

gvomidnves erdpids piramis — amely az aminoszalicli-
tokiol a kortkosztercidokon af az immunszuppressaziy
szerekig (azatioprin, merotrexit) terjedt — cslicsin meg-
jelentek a bioldgiai teripidk. A rumornckrézisfakroralfa
(TNFx)-gaeldk, mine az nfliimab (1EX) és az adah-
mumab {ADA) bevezetése drimaian javitorea a kdazép-
silyos €s silyos betegek prognoasit, lchetdve téve nem-
csak a klinka tljnctmcnh.'ssﬁgi:r, hanem a :zigcn‘ﬁbb
végpontnak szamitd nyilkahartya-gyogyvulist is, Ezt ki-
vetden a terdpiis paletta tovabb bévilt 0f hatismecha-
nizmust szerckkel, mint az alfad-béra?-integnn-gitlo
vedolizumab (VD2 ) és az interleukin- 12 /2 3- gield wsee-
kinumab (UST), amelyek célzowabb harist és kedve-
ziibb mellékhardsprofil fgérrek |2, 3]

Mindazonaleal a bioldgian terdpiik klinika sikerée je-
lentdsen korlitozza a hatdsveszeés jelensége. A betegek
jelentds része, nuntegy 10-30%-2 primer nonreszpon-
dl.' r, azxax V'l'iif a l'ﬂl'l.'!ﬂh‘i kl.'IEIEJETE scm TC:[H;;] mcgl:i:\.t\.ﬁ-
en. Még aggasztobb a szekunder hatasvesziés arinya,
amely a keedetben jol reagilo betegek 20-50%-3t énntl
a fenntand kezelés sorin, A hardsveszeés hinerében szd-
maos tényezd dllhar, de a legfontosabb és leginkibb befo-
Ivisolhard fakror a gydgyszer immunogenitisa, vagyis a
szervezet immunrendszerének reakeidja o reripids fehér
jéru, .1rm:l*l|‘ m(?g}‘szurtlltncs antitestek  bermelésében
nyilvinul meg [4].

Az iImmunogenitis nem csupan a gyogysersznt csisk-
kenését és a tcrﬁljiziﬁ hatas clveseicsét 1déa l:]r"‘.;1 hanem
niwvell az infiizas reakciok és egyeb smsztemas mellékha-
risok kockizarar is. Az orvostudomany fejlidésével par-
huzamosan megjelent a terdpids gyogysgersant-memo-
rovzds kancepeiaja, amely leherdve reszia gydgyszerszintek
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s az antitestek pontos meéréscr, cziltal a teripia optima-
lizalasat. Alkalmazisa a reaktiv (tinetvezérelt) meghkie-
litésral foleg gyermekkorban ¢s a TNE-gatloknal cgyre
inkibb a proaktiv (megeldzd) stratégia fele tolodik el,
amelynek célja a tartos remisszio fennrareisa és az immu-
noegenitis megeldzése |5, 6],

A jelen kitelemény célja, hogy drrekintést adjon az im-
munogenitds kialakulisinak mechanizmusiral, az anti-
resthépaidés gvakonsigarol kilonbied biologiai szerek
eserén, a klinikai kiverkezményekndl, valamint részlere-
sen tirgyalja 2 megelSzés és a kexelés bizonyitékokon
alapuld leherdségeir, kiiliings rekintertel a kombindcids
teripiira és a proakriv monitorozisra. A ranulmbny
emellett bermutatja a Semmelweis Egveremen végzeer ke-
reszbmetsect \"lzsg;'!htunk crrdmfn]‘l:ir, assechasonlitva

a hazai adatokat a nemazctkdz irodalommal.

Az immunogenitis elméleti alapjai
¢s mechanizmusa

A terdprds febéviemolekulal tmveenvendszert
Jelismerése

A biologial készitmenyek, lévén nagy maolekulardme gi
fehérjék, potencidlisan immungénck a szervezet szamd-
ra. Az immunrendszer a rerdpids monoklondls antireste-
ker _idegenkénmt™ ismerhetn fel, ami adaptiv immun-
vilaszt vilt ki, Ez a folyamar 2 dendritikus sejrek dltali
antigénprezenticioval keedodik, amely aktivilja 2 CD4¢
T-helper-sejecket. Ezek a sejek stimunliljik a B-sejrcket,
:hchyl_'l: plumaujtr_'l‘.ké differencilddyva spuiﬁlcus anti-
resteket termelnek a gydayszermolekula ellen [1].

Az immun:)gl:n'tt:i.!. meéricke tobh 1:’11!,'4::5&”1] ﬁ]gg:
o A pyopyszer szerkezere: A kiméra antirestek (mint az
IFX, :!ch"u kb. 25%-han c&;émrtdclﬁ t‘chérjcui:k\tnd-
at tartalmaz) immunogénebbek, mint a humanizilt
(peldanl VIXZ) vagy a teljesen human (példiul ADA,
UST) antitestek. Ennek ellenere a teljesen human an-
ricestek sem mentesek ax immunogenirastol, mivel az
idhotipusos régiok (a kitdhelvek) 15 tartalmazhatnak
Immunogén epitopokat
A gvidpyszer tisztasipa és formuldcidja: Az apgregin-
muok jelenléte nivvelhen az immunogenicise
Adagoldsi srratégia: Az epizodikus kezelés (esak pa-
nasz eserén thrténd adis) jelentdsen niveli a szenziri-
#icld esélvét a rendszeres, fenntaro kezeléssel szem-
ben.
Betegspecifikus tényezdk: A bereg immunstatusa és
genetikai hirtere megharirozd. A legijabb kutaisok,
mint példiul 2 PANTS-vizsgilat, azenositottik a
HLA-DQAL*05 allélr mint az immunogeniris fiig-
geilen gencitkal predikionit. Azoknal a beicgekngl,
akik hordozzik czt az allcle, n:.g!'u'hh az ant-TNE.
antitestek kialakulisinak kockizata, Raggetlenil attol,
hegy IFX-t vagy ADA-t kapnak [7].

OSSZEFOGLALO KOZLEMENY

Antitestripusok &5 batdsmechanizmisok

Az antitestck két o l:ali:gﬁri:'hlm sorolhatok a Funlﬂ:i(']julc
alapjin:

# MNeutralizalo antitestek (m.'ut'r.]]]lzlmg antlb()dic:] cxck
az antitestek kéevetlenil a gydgyszer akeiv kitdhelyé-
heez (Fab-réma) kapesolodnak, megakadilvoava, hogy
a gyogyvszer 3 célmolekulihoz (példinl TNFa, 2437-
integring kiddjék, Erxzel kivevetlenil semlegesitk a
terdpias hatdse.

Mem neutralizild antireseek (non-neutralizing /bind-
ing antibodies): exck az antirestek a gyogyszermole-
kula egyéb részabez kinddnek, Bir kiwvedeniil nem
gatoljak a kowddést, immunkomplexcker képeznek,
amelyveket a reticuloendothelialis rendszer (md), lép)
gyorsabban clhimindl. Ennck kivetkezménye a gyogy-
szer felexesi idejének csokkenése és a seérumszne esé-
s¢ (accelerated clearance ).

Klimka szempontbal mindkér dpus relevins, mivel
vigsh soron mindketto a gyogyszerszint csokkenéschez
¢s a terapias vilaszvesziésher veret. A clearing™ {tiszti-

) hatas miatt még a nem newtralizilo antitestek 1s funk-
cionilis c]égtc]cmﬁgrt okoznak.

Az antitestkepzades gyakorisaga
es jellemzoi biologiai terapia szerint

A kiildnbézd bioldgial recdpidk eleérd immunogenitist
profillal rendelkeznek, amelver a klinikai vizsgilarok és a
valos élerbeli adatok is alirimaszranak [1].

Infliximab

Az TFX esetében ax antitestképzadés eldfordulisa a leg-
nagvoebb a biologial szevek kizon, Szimos vizsgdlar 10-
605 kizith gyakorisigrol seamal be, a mérés midszcr-
il és a beregpopuliciondl figgden. A PANTS vizsgilac
adatar szerint a betegek jelentds részéncl mar a keeclés
korat szakaszaban {az indukade kivetd hetekben) meg-
jelennek az antitestek, ami a 14. heti alacsony grogyszer-
sEint cg}lﬂ: fis oka. Az antitestek jc]clﬂ(‘tc fokozza az akut
és késdi infilzids reakeiok kockizatie, pyorsitja a készit-
l'ni.l‘l'l}‘ tHn\in:i-ci.t':j :’lt, Csa tl:ri}'viii valasevesztes cg}'ik Irg-

féhb okozdja [8].

Adalimumal

Az ADA eserében annak ellencre, hogy teljesen humin
monoklondlis antirest, az annresthé peddés gyakonsiga
5-30% kiizé teherd. A PAILOT-vizsgalar gvermekgyi-
gviszan kohorszaban igazoleik, hogy az alacsony gyogy-
szerszintek hajlamositanak az antitestek kialakuldsdra, és
a proakeiv dézisoprimalizilis csikkentheri ezr a kockiza-
tot. Alacsony titerid anttesthépeddés is elegendd leher a
gvogyszerszint jelentds csokkencsChez, ami klinikar re-
lapsushoz vezer [9].
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Vedolizumalr

AVDE az egvik legalacsonyabl immunogenitisa biolo-
plai szer a pyulladisos bélbetegségek  kezelésében.
A GEMINI regisztraads vizsgilatokban az antitestek
cléfordulisa <5% volt, és ezck rébbsége tranzitorikus,
klintkai kovetkezmeény nélkith antitestnek  bizonyult.
Upgyanakkor mabb kotatasok, amelvek érzékenyebb,
gyigyszertolerins assav-ker alkalmazrak, nagyobb im-
munogenitist rivikar is kimurattak, kiiléndsen azokndl a
betegeknél, akiknél a kezelést megszakitottak, mapd djra-
inditotrik. Willier & mprad raviligitortak, hogy bir az
antitestek jelenlére nem mindig jir azonnali hatisvesz-
réssel, a gyogyseerszintek csikkenésér okozharja. A vizs-
gilarunkban mérr ariny is erre a jelenségre, illetve az al-
kalmazotr teser éreékenységére utalhar [10, 11].

Ustekinumal

Az UST ellen kialakuld antitestek rirkik (3-5%), jellem-
zoen alacsony titertick, és a legtdbb vizsgalat nem muta-
tott ki klimkailag jelentis hatdsromlast. Az IM-UNITI
vizsgalat hosset tivi kateneszicse sorin 5 éves utinkive-
tés mellett s alacsony maradt az Immunogenitas: rita
[12]. Am Roblin é5 masai friss adatai szerint a gyagyszer-
tolerdns assay-kkel detektale antitestek  Gsszefiigoeéshe
hozhatok a terdpiis vilaszvesztéssel azoknal a beregek-
nél, akiknél alacsony gyogyszersaintet méreek [13].

Az immunogenitis klinikai kivetkezményei

Az immunogenitis klinitkal manifeszticioja sokretd, és
alapverfien befolyasolja a reripids vilaszr. A seckunder
hatisvesztés a leggyakoribb kivetkezmény. Az antitestek
felgyorsitidk a gydgyseer climindcidjir, igy a szérumkon-
centricics a teripids kiiszib ald esik. Ennek kivetkezré-
ben a gyulladisos folvamatok djraakrivilodnak, a tdinetck
visszatémnek, és nd a szdvGdmények (sipolvok, sxikiile-
tek) kockizata [14].

Infiizics és injekads reakoisk is eldtordulnak, az 1FX
esetéhen ax antirestek (kiiléndsen a magas treriick) ends
korrelacior mutatnak az akut infiazios reakaidkkal (anafi-
laxia, hipotenzio, dyspnoe). Emellett késdn tpusi, szé-
rumbetegség-szeri reakcidk (iziled fijdalom, liz, ki-
ites) is elifordulhatnak az immunkomplexck lerakodisa
muatt. Az ATYA-ndl a reakciok alraliban lokalisak (bérpir,
fajdalom az injekcio helyén), de a szisztémas hatas sem
kizare [15].

Keresstimmunogenitis hiinya eserében fontos megje-
gvezni, hogy az egyik szer ellem antitesthépaddés nem
jelenti automatikusan azt, hogy a beteg mas biologiai
szerchre is antitestet fog termelni. Costadle £ misaf iga-
zoltik, hogy a koribbi ant-THNF-terapia soran kialakult
immunogenitis nem néveli a VDZ vagy UST ellent ansi-
testképaddés kockizatit, igy czek a szerck biztonsigos
alternativit jelentenck [5].

OSSZEFOGLALDO KOZLEMENY

Az antitestek 1dGbeli viselkedése is megharirozd. Be-
szélheriink tranzitorikus (drmenet1) és perzisztens (tar-
tis) antitestekril. A transmtonkos antitestek gyakran ala-
csomy titerben jelennek meg, majd spontan cltinnek, és
kevéshé befolyisoljik a hossza tava kimenetelt. Ezzel
szemben a perzisztens antitestek rartos jelenlére szinre
mindig a gyogyseersant tartos csikkenéséhesr és a kexe-
lés végleges haristalansagihos verer [16].

Terdpias gyogyszerszint-monitorozis:
reaktiv és proaktiv megkizelitések

A terdpids gyogyszerszint-monitorozds a gyalladisos beél-
betegségek kezelésénck egyik legfontosabb eszkizéve
vilt a biolagian terapiak optimahizilisa sorin [17].

Realtiv terd pids qydqysserssint-monitorosis

A reakriv rerdpids gyogyszerszint-monitorozis a vilasz-

veszrés vagy tinerek megjelenése esetén alkalmazot

strarégia. Segit megkiiléinbdztetni a hatdsveszrés okair:

* Farmakokinetikai ok: alacsony gyogyszerszing, amely
lehet immunogén (magas antitesttiter) vagy nem
immunoegén {nincs antitest, de gyors a clearance) ere-
derii.

* Farmakodinimiis ok: megfelelé gyogyszerszine mel-
lett 15 aktiv a betegseg | mechamsztikus elégtelenség,
példaul nem THF-vezérelt gyulladas).

Prowlkiiv tevd pids gydgyscerszint-monitorezds

A proaktiv teripids gydgyszorszint-monitorozds sorin a
pvogyszerszinteket és ar antitesteker rendszeres idékis-
winként, a beteg klinikai allapotaral faggetlenil ménk,
azzal a céllal, hogy a gyogyszersantet egy meghatiro-
zott teripids ablakban rartsak. IFX és ADA esetén egyre
tibb adar, kierik a PAILOT é PANTS vizsgilatok
eredményel utalnak arra, hogy a proaktiv terdpids gyogy-
szerszint-monitorozis jobb fennrared kimenerelekkel jar.
A PAILOT-vizsgilat gyermekeknél igazolta, hogy a pro-
aktiv monitorozds szignifikansan nivelte a seteroidmen-
tes remisszio arinyit. A proaktiv megkozelités révén
megeldzherd az alacsony gydgyszerszine kialakulisa, ami
az immunogenitis egyik legfibb kavaltd oka [ 18, 19].

Az immunogenitis megelézésénck

¢s kezelésének Icherdségei

A biologiai terdpiik tartossiginak kulesa az immunoge-
nitds megeldeése. A szakirodalom és a klinikat tapasztala-
tok alapjin tibb strarégia is rendelkezésre dll.
Kombinalt immunssuppresszia

Ez az egyik legtébbet alkalmazott preventiv madszer,
killingsen az IFX esetében. A mérfoldkinek szimito
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SONIC-vizsgilat eredményei epvértelmiien igaraltik,
hogy IFX €5 azanopnin kombindlt alkalmazisa szignifi-
kinsan csékkentette az antirestek kialakulisir a monote-
rapiahoz képest (0,9% ps. 14,605, ¢s czzcl pirhuzamosan
néivelre a sereroidmentes remisszic ardnyare [20].

Az immunmadulirorok (riopunnok vagy merorrexir)
hatdsmechanizmusa kettos: cgyrészt gatoljak az antitest-
termel B-sejtek prolifericidgdr, masréser farmakokineri-
kai interakcio révén nowvelik o blologial szer szérum-
szingér. A PANTS-vizsgilat megerdsiterre, hogy ex a
protekriv hatis ADA eserén is érvényesil, bir kisebb
mértékben, és killoniisen fontos leher a HLA-IMQAL*05
alléle hordozo, genetikailag veszélyezteterr beregeknél
[71-

Progkriv gyoayscerssint-optimalizdlds

Az alacsony gydgyszerszint az immunogenitas cgyik leg-
fibby hajrdereje. Ha a gvogyseer koncentricidja tartdsan
alacsony, az immunrendszer kimnyebben indit ellene vi-
laszr. A proakrv reripiis gyogyszerszint-monitonazis
segitségevel birtosithatd, hogy 2 gydgyszerszrint mindig
a ,biztonsagos”, immuntolerancit cldsegitd tartomany -
ban maradjon. A megfeleld indukcids dozisok és a fenn-
tartd kezelés sorin 2 dawisintenzifikicid (ha seiiksémes)
megehizhen az anttestek megjelendsér [17].

Foalyamatos keselés

A korai rapaszralatok (fikéne IFX eserén ) megmutattik |
hogy az cpizodikus (.on-demand™) kezelcs, amikor a
gvogyszent csak a tiinerek visszarérésckor adjik, drimai-
an megniveli az immunogenitis kockiratir a folyamaros
fenntartd kezeléshez képest. A modem terdpids proto-
kollok exérr kizirolag a rendszeres adagoldst javasoljik
[&].

Teend il antirestel meqpelenére esetén

A kezelés sorin kialakult antitestck cserén 2 teendé az
antitestelk mennvségétdl és a pydpyszerszinedl fige:

* Alacsony titerli antitest + alacsony gyogyszcrszint: a
ddzis emelése vagy az adagolisi intervallum cséikken-
tése (intenzifikicid) gyakran sikeres leher. A nagyobb
gvogyseordoeis kipes | tclitem™ ¢s semlegesitenn ax
antiresteker, valamine visszadllitani a terdpids gyvogy-
szerszinter. Ebben az esetben gyakran javasolt im.
munszuppresszans (példiul azatnopnn) hozeiadisa 1=
a ,,\'isszaszuppﬂ::szilis" érdekében.

wMagas titerd antitest + alacsony,/mérhetetlen gyogy -
szerszint: ez dltaliban tartos hatdsveszrést jelez. ven-
kor a dowisemelés dltaliban hatdsralan & kltsépes,
ezért osztalyon belili valtis (példaul IFX-rdl ADA-ra)
vapy osztilyvileis {mds hatismechanizmusi szer, pél-

daul VDZ, UST) javasalt [17].

OSSZEFOGLALO KOZLEMENY

Ceélkittizes

Kutarisaink célja az volt, hogy az dlalunk vizsgali, ki-
lonbéizié gyulladisos bélbetegségekben szenvedd bete-
pekedl szirmard mineik alapjan drtekinesiik 2 hazai ann-
testmiérések eredményeir a rumomehkrazisfakror-garld
IFX- €8 ADA-, valamint a masodvonalbell VIDE- €5 UST-
kezelesek esetchen, s Gsszehasonlitsuk a harom (ADA,
IFX-UST-VDZ) eltéré harismechanizmusa készitmény
antitesthépeddésénel incidencidjir.

Betegek és modszerck

A betegek kivdlasmtdsa

Wizsgalatunk soran 153, TFX- és ADA-| valamint 183,
UST- és VD E-terapiat kapo gyermek és felndGor, gyualla-
disos bélbetepségmel keaelt betepet vizsgiltunk, akik
Semmelwets Egvetem Gyermekgydgyaszart Klinikdjin,
Schfszcl'l, Tr:mszp]:hnt:iu:i.(")s és G:ﬁsztru::ntcml-c’)gia'l Klini-
kijin, illecve Belgyogyaszan és Onkologiai Klinikijin
illrak gondozishan 2020 és 2025 kizdtr. A bevalaszrasi
kritériumokar a gvermekek eserében ax Eurapai Gyer-
mek-gasztrocnicrologian, Hepatologiar és Taplalkozas
Tarsasig (ESPGHAN), felnotick cscicben pedig az Eu-
rdpai Crohn és Colitis Szervezet (ECCO) diagnoszrikai
ajinldsal alapjn allapitortuk meg [21], illerve feltérel
volt, hogy legyen legalibb egy teripids gydgvszerszine-
momtorozis credménvitk. Az clemedsck soran ugyvanak-
kor kizartuk azokat a betegeredményeket, amelyek egy
személy eserén vibb gydpyszerszinemérési ponror is tar-
ralmiazrak, illerve czeknek a beregeknek esak az elsé mé-
rési ponrjar verriik figyelembe.

Erikai enagediébick

A kuratdsha bevilogatort deszes résetvevar tdjékoerartuk
a vizsgilat clvégzésérdl, annak menetérol, és mindenki-
il irasbeli belecgyeacst kértiink, Minden cljardst az cu-
kai bizottsdg (az Egéseségiigyl Tudomdnyos Tanaes K-
nikai Farmakologiai Erkal Bizotesiga) dlral kiadorr,
190458-A2 2018 /EKU seimi erikai engedélyiinkben
toglaltak szcrint vigeztink. Az adatekat anonimuzaliuk,
cailial biziositva, hogy az credmenyck a késdbbickben
se lepyvenck disszevetherfk egyil, a vizsgilathan részr
vevd pacienssel sem. A vizsgdlarbam végzer dsszes eljaras
az 1964, évi Helsinki Nyvilatkozartal és annak késabbi
modositasaival Gsszhangban tortent.

Miadszerek

Koevetenill a soron kivetkezd gyogyszerbeadas cldo
minden betegtd] nativ vérminedt vemtiink. A mintikat
centrifugilist (szobahdmérsékleren, 2300 = g, 10 per-
cig) kiverden —20 “C-on tdroltuk, & ADA- AADA-,
IFX- & AIFX-, UST- és AUST-, wvalamint VDZ- és
AVDE-koncentrico mérdschez hasznaliuk, & mérdseket
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LisaTracker Duo Infliamab, Duo Adalimumab, Duo
Ustekinumab, valamint Duo Vedolizomab In Vitro
Diagnaostc (VD) mindsitést ELISA-kirekkel (Biosynex
Theradiag, Urossy Beaubourg, Francmorszag) vegez-
rik. A méréscket a DAS-, APE-, ELITE-, ELISA -készii-
lékkel {DAS Instruments, Roma, Olaszorszag ) végeerik
a pyartd elirisainak megfelelden [22].

Sraticotibad elemzének

Vizsgalataink sorin elfszir kiilin statisztikat elemzése-
ker végeztiink az elsé vonalbeli (IFX, ADA), majd pedig
a misod- vagy harmadvonalbeli (UST, V2] biologiai
terapiik soran. Olvan modelleket igyckeziink felallitan,
amelvek elére jelezherik a seubopomilis gyogyszerszin-
tek kialakulisit, valamint a terapidk sorin esetlegesen
megjelend antitestek képaddésének naikopirol is aintor-
miciit adnak. Jelen elemzésiink sorin azr vizsgdlouk,
hogy mennyire hasonlit az elsd vomalbelr terapiik anei-
testhépzidési prevalencidja a misodik vonalban alkalma-
zott szereheher. Ehhez a ket csoportban kapott eredmé-
nveket hasonlitottuk ssze khi-négyeer (37) statiszrikai
mitdszer segitsémével.

Eredmenyek

Foribban mar publikilt clsd vonalbel terapids cred-
ményeinket (n = 153; ADA/IFX) Gsszehasonlitorruk a
masedvonalbeli biolagial rerapidk (n = 181; YD /UST)
eseten tapasztalt anitesthépzddes ritakkal, valamint az

immunszuppresseiv kezelésck azokra gyakorolt hatasaval
(23] (1. rdbldzar, 1. dbwa).

A két adatbizis betegissecrciele nemuleg cliére egy-
mistol. A gyermekek arinva 3 TNF-gitlar kaps populi-
ciabran 26% valt, mig az USTE/VDZ csoportban lénye-
gesen magvobb: 42%. A reljes beteganyagban a Crohn-
betegsé ghen szenveddk arinya 57-60%, mig a colirs
ulcerosiban szenveddke 40-43% volt.

Az cllemanvag-képeddeés eléfordulisa a kér adar-
béizishan egyerden 21%-nak, illetve 20%-nak bizonyule
(IFX/ADA: 327153, UST/VI¥Z: 37 /181). A kér cso-
part kizord kilonbség starsztikailag nem bizonyult
szignifikinsnak (3 = 0.0006; p = 0.98). A beregesapor-
tok a gyulladisos bélbetegség ripusa szering bontishan
sem mutattak eleéeése: Chrohn-betegsép esetén (p =
0,92} és colitis ulcerosa esetén (p = 0.21) is azonas im-
munogenitas: arany volt meghgyelheta.

A bioldgia terapiak kézaen Gsszchasonlits ugvanak-
kor lénveges kilinbségeker mutatort. Az antitestkép-
ziwdés pyakorisiga az IFX eserén 33% volt, mig az ADA
esetében minddssze 12%, ami szignifikins eleérést mora-
tott (y? = L8 p = 0,001, A masedvonalbel kezelesek-
nél az UST antirestképzddési arinya 15%, mig a VDVE-
kezelt betegeke 28% wvelt, a két csoport kilinbsége
azonban nem érte el a statisznkal szignifikancia szintjér
(¥ = 2,62; p = 0,105), noha tendencidjiban nagyobhb
immunogenitis volt meghigvelhetd a VIE-torapia cse-
tén. Fontos kiemeln, hogy a VDZ és az UST esetében
kimutatott antitestek jelentds résee nem tarsult EKintka
hatasvesztéssel, ami arra ural, hogy ezen anurestek epy
része alacsony titerd, nem neutralizilo vagy tranzitonkus

1. ibliear | Crrublsdascs belbenegek biokigla rerdpits antiresthdpacd sl gyakonsiga TNF- & nen THE giddk, Crohn betegelg i colitks alcernsa esenéhen
3 g £ f el g £

AnteTHEF {IEX, ADA|
Crobin-heregség Colitis uleerass Oszesen
IFX AR [FX AlA
A betegek szima (/i) 50 (37,/33) 59 (23,26} LE(6/T) Al (14/17) 152 (70,/83)
Grermekek 10 6% 18 (12%) 5 (3%) 7 (%) 4l (26%)
Felniitrek: [ 40 [ 36%) 41 (275} 8 (5%) 24 [ 16%) 113 (74%)
Immumsauppressxiv teripia 19 | 38%) 32 [54%) T (3%} 14 [45%) T2 (47%)
Anttestképaides [FXAADA ellen 16 [51%) B (8% 5 [5E%) 6 L5%) 22 (21%)
UST-V I
Crobn-heregsiég Clolais ulcerosa Osszesen
UST Ve 8T VIE
A beregek szima (/i) B3 (430400 24 (15,9} IE{B/ 1 S | 26,/30) IE1 (B4,97)
Gyermikek 40 (22%) Fid%) & (30%) 20 [ 56%) 6 (41%)
Felnditeek +3 (24%) 17 (%%) LA 3 (fela) DG (58%)
Immumszuppressoyv terpia 3 i4%) 1{4%) k[ 11{2%) 4+ (2%)
Anttestképaides UST/VDE cllen 13 (1a%) & (33%) 2 (11%) 14 (25%) 37 (10%)

A = adalimumab; [FX = mntirimab; TNF = tumornckroes-faktor; UST = wsickinumab; WIFE = vedolzumab
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1. dbra

Mern AMTI-THNF
deszesen

Gyulladbsen befheregek hioligal reripis ancrestiidpedidds) grdonsdga THE. ds nem THEgelik escéhen

ADA = adalimumaly, [FY = iflimnaby THF = romsornekedos-fknog UST = osrekinsnab; V2 = vedaliramab

lehet. Az alkalmazot gydgyszertolerins méréss modszer
fokozott analitikal érzekenysége hozzdjirulhatott az an-
l'lh:st-Pozit'n itas E:!,-'J.ktll‘llljb CIEH:Lt‘.’;ICIIECH'II}Z‘ ug}ran:lkknr
cz nem feltctlenil jelent klinikalag relevins immunoge-
mitist.

Ar anti-TNF-kezelésben részesiild betepek kiirchen
lénvegesen gyakonbb vole az immunszuppressziv szerek
cgyidejil alkalmazisa, mint az UST- vagy VDZ-teripia
csetén. Az ant-TNF-csoporthan 47%, mig az UST/
VDE csoporthan mindéissze 2% kapott immunszupp-
ressziv kezelése.

Ar elvégzert Fisher-fele egzake teser extrém médon
seignifiking kilénbséget murarort a két teripiacsoport
Edwdtr (p = 1,33 = 10%), az OR (odds ratio) 39,3 volr,
ami azt jelel, hogy anti-TNF-kezelés mellett 39-szer na-
gyobb az esély immunszuppressadv szerek egyvidejii alkal-
mazisira, mint UST vagy VDZ mellerr.

Ez a kilkinbség mind stanszukailag, mind khmbkai
szempontbal rendkiviil jelentds, €5 dsszhangban dll a
brologian teripiak farmakolégal sajitossdgamval €5 a
jelenlegn terdpids irinyelvekkel Az anti-TNF-szerck
immunogenitisa nagyobb, czért gyakran szikseges az
immunszuppressziv. kombinicio alkalmazisa az ellen-
anyag-képzddes csikkentésére. Ezzel szemben az UST
¢sa VDZ imﬂ'.unogtn'lt.‘isa Jl:!EEI}THl,-', 1 kombinalt h:r:'lpi.:t
alkalmazdsa nem résee a standard kezelési gyakorlarnak,
ami a n'z:g:ﬂt populic:iéhnn Is ngFlH‘l‘"‘lL'mN volt.

Egyiittes, tobbviltozds elemzésben az antitesthép-
zidés eléfordulisit sem az életkor {gyermek felnéer fel-

oszris)h, sem a nem, sem a gyulladisos bélberegsép diag-
nozisa nem  befolyisolta érdemben egyik  vizsgil
FOP'Llli[]Iélb:ln scm.

Megbeszélés

A vizsgilat eredményei alapjin a bioldgial teripidk im-
munogenitisa a teljes bereganyagban megkozelirdleg
azonosnak bizonvult, a teljes antitestképzddést ariny a
ket csoportban 21%, illerve 20% vole. Ez arra utal, hogy
a kiilinbdzd bereppopulicok (pyermekfelndrr ariny,
diagnozismegoszlis) eliérése ellenére az aggregilt im-
munvilasz mértcke stabilnak tckinthetd.

Jelentds killonbség ugyanakkor a teripiak koaott dsz-
szchasonlitishan mutatkozott: az IFX-kezeléshes tarsult
a legnagyvobb immunogenitis, amely tobb mint kétsze-
rese valt az ADA mellett észlelt arinynak. Ex tsszhang-
ban 4l a koribbi memezetkei megfipyelésekkel, amelvek
seerint a kiméra szerkezetd IFX immunogénebb a telje-
sen humin ADA-hoz viszonvitva, A PANTS-vizsgilar
eredményel is megerdsitertek, hogy az IFX-monoteripia
mellett sagmikinsan gyakenbb az immunogenitas ki-
alakulisa [ 24].

A misodvonalbeli készitmények kizott az UST mu-
tafta a lt:g}ciﬁr:l:lb :!ntitcst]:épmﬁdﬁsi rit:it, ami CH‘I.‘ZIIh a
nemzetkoz irodalommal, ahol a hossed tiva vizsgilatok
{pélcliul IM-UNITI LTE] is 5% alatsi immun()gcru'h;st
igazoltak [2]. Mig a VDZ-rol ismert, hogy bir immunao-
wenitisa dlealiban alacsony, epyes kohorszokban a jelen
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vizsgilarral Geszhangban nagyobb arinyban leher anti-
l‘l.‘il‘-P(JI]lt.l\'.ll'jjt kimutatm [25]_ A t'LI!EithJllkbl\l mért
28%-0s  AVDZ-pozitivitds  nagyobb  a  regiszerdcios
GEMINI-vizsgalatokban kizdle 4%-nal [ 25]. Ez az eleé-
rés valdsziniileg a mérési metodikival magyarizharé: a
muodern, gyogyszertelenins assay-k képesek kimutami az
antitesteket akkor 15, ha a gyogyszer jelen van a szérum-
ban, igy feltirik a . rejrert™ immunogenitist. Willfer é&
mizas hasonloan kimutaitak, hogy a gyogyszertolerins
assay-kkel az antitest-pozitivitis gyakoribb leher, de exck
klinikar rc]cl.':mu:i:ij:l {hatasvesziés okorisa) nem mindiE
cgvirtelmid, mivel sok esetben nem neutralizdld vagy ar-
meneti anttestekrol van seo [ 107

A kiilanbség azonban ehben az elemizéshen nem bizo-
nyult statisziikailag seignifikinsnak, ami részben a kisebb
alcsoportlétszimokkal magyarazhato. A Crohn-betegség
¢s a colitis ulcerosa fsszehasonlitisiban nem volt kimu-
tathato kilonbség az antitesthképzidés gyakorisigiban
civik reripiis csoportban sem. Ugyancsak mem azonosi-
tottunk ]capcs(ll:ll‘nt ax ant'm:sl'klfpxﬁdlfs ¢35 anem vagy ar
cletkor kizdtr. Ex megerdsitl azt a feltérelezést, hogy az
immunogenitist maga 2 bioldgial szer tpusa, annak fe-
hérjestrukmirija és farmakokinerikdja hardrozza meg [1].

Az immunogenitis klinikai jelentbségénck vizsgalara
kapesin foneos kitéemi a kas molekulasdmegi, ) tpuosa,
gyvulladdsos bélberegség ellent gyvogyszerck lehetsépes
szerepére s, Ezek a készitmények [Janus-kindz-gatlok
vagy a szhngoeazin-1-toszkit-receptor- medulitorok) nem
fc Hérjttq:rmészttﬁtk, ;';;F alkalmazisuk soran :.\1tit|:sihfp-
zodés mem alakul ki, ami elmélen és gyakorad eldmyt
jelenther az immunogenivis okozea szekunder hatisvesz-
tes elkeriiléséhen.

Klinikalag ez kilindsen relevins lehet olvan beegek
esetchen, akiknél t6bb, egymaist kiiverd bioldgan reripia
sikertelensége igazolhato anmresthépzddés miatr. Ugyan-
akkor hangsulyozando, hogy ¢ készitmenvek eliend mel-
lekhatisprofilja és hossad tavi biztonsagossig adataik
korlitorottabb volta miatt alkalmazasuk jl:]l.‘ \1\.1:[." clsdsor-
ban pondosan méregelt, individualizile déntést igényel.
A joviben a biologiai és kis molekulardmegii reripidk
mepteleld sorrendjénck és kombinidcidjinak meghatiro-
zisa kulesszereper jirszhar a pyulladisos bélberegségek
szemilyre szabott kezelésében [26].

Limitaciok

A vizsgilat crrclmezdésckor fontos figyelembe venni a

madszertani korlarokar, kilénisen a wizsgilar keresar-

metszett jellegeébal adodoakat

» Keresztmetszeri jelleg: a legfontosabb korldr, hogy a
betegekeil egyetlen idépontban tirént mintavérel.
Ez a modszer nem teszi leherdive az antitesthéprddés
dinamikdjinak meghgvelését, igy nem kitlinitherdk ¢l
az dtmencti antitestek a tartos antitestekrdl. Az iredal-
mi adarok szering az dumened anttestek gyakran spon-
tin clrinnck, ¢és kevésbé befolyisoljik a hossza tivin

GSSZEFOGLALO KOZLEMENY

Hinikai kimenerelt, mig a perricerens anritestek egyér-
telmiien a hatasveszicésher és a &;}rl:)E;!‘szcnziltt tartos
csiikkencséher kotherdk. Egyvetlen méréds alapjin a kli-
nikailag relevins immunogenivis méreéke milbeesiilhe-
1 leher [27].
Ok-okozat Gsszefiigeds: a kereszrmerszen elrendezis
miatt nem dllapithato meg egyértelmi ok-okozat vi-
szony. Nem déntherd el biztosan, hogy az alacsany
EVOEysZerszint veretert-¢ ax immuniziciohoz, vagy az
antitestek miegjelenése okoera a gydgyszerszint estik-
kenését, bir a seakirodalom nundkén iidnye ala-
maszja.
Betegpopulicio: a heterogén betegosoport (gyermek
s felndur, kitkinbiizd beregségfenotipusok) és a valio-
zo clikczeles ("hio-nay” e "bio-cxpericnced”’) befo-
Iviselhatja az eredményeker, bair a statszokal elemaés
nem mutatott szigmfikins clterdst e faktorok mentén.
s Assay-specifikussig: az eredmények az alkalmazott
ELISA-latek [LisaTracker) érzé h.cnysi"gétﬁl ' Hﬁm'-
secr-telerancdjatol fuggenck, ami megnehezinn 4 mds
middszerckkel (példinl HMSA) végretr vizsgilaroklkal

vald koevetlen Gsszehasonlitast.

Kivctkeztctes

Osszegeésként elmondhard, hogy a kér kiilnbied be-
regpopuliciir dsseehasonlita az antitestképeddés rita
fliggetlen a kezeléscsoporuol, ugvanakkor weripids sze-
rek kizéine jelentds kitlinbségek vannak, amelyvek a keze-
lés1 stratégia megvilaszrisa €s 4 terépids gyogyszerszine-
monitorozds gyakorsaga seemponnibal meghatirosdak.
A terepids gyogyszerszint-monitorozds jelentoségeét nem
lehet clégseer hangsalyoeni, mivel az antivestképaddes
korai felsmerése €5 megheleld kezelése (intenzifkicio
vagy teripiaviltis) alapvetGen befolyisolja a hosszd tiva
klintkar kimencteleket. A vizsgalt populacioban kijloné-
sen az IFX escién indokolt a szoros monitorozas, mig
UST és ADA mellett a kisebb immunogcnitisﬁ kockazat
miatt ntkabb vizsgalat is clegendd Ichet. A jéviben a
proaktiv reripids gyogyszerszint-monitorozds protokol-
lok széleschh kivrii beve zetése és a kombinicids ttri]:lﬁﬁ]:
célzorr alkalmazdsa kulesfontossaga leher az immunoge-
mitds megeldzésében és a biologial teripidk harékonysi-
manak fenntartisiban mind a gyermek, mind pedig a fel-
néet grulladisos bélbetegekben [28].

Anvami tamggotds A dolgozat megirisa nem részesiilt
anvagi tdmogatdsban,

Szersdi munkawegosstds: A seeredk cgyenld ardnyban és
mértékben vertek részt arx irodalombutarishan és a kéz-
irar elhészitésében. A kizlemény végleges viltozatit va-
lamennyi szerzd clolvasta és jovihagyra.

Erdekelisigel: A szcraiknek nincsenck érdckeltsé geik,

206 m 167, eviokyam. & szém

ORVOSI HETILAP

76



0SSZEFOGLALO KOZLEMENY

Irodalom

[1] Viermeire 5, Gils A, Accossato ', et al. Immunogenicity of biolog-
icx in intlammatory bowel disease. Therap Adv Gastroenterol.
2008; 11: 1I7B6283X17750355.

[2] Feagan BG, Sandborn W], Gasnk ©, er al. Ustekinumaby as
induction and maintenance therapy tor Crobn's discase. N Eng)
[ Med. 20016; 375 1946-1960.

[3] Farkas K, Sxékely H, Bacsur T, et al. Therapeutic strategy of

Crohn-discase. [A Crobn-heregség, teripias stravégidgja. | Orv

Hetil. 2024; 165(5uppl 1): 1-34. | Hungarian |

Gisbert I, Chaparro M. Predicrors of primary response to bio-

lorgic trearment |anti- THE, vedolizumab, and wstekinumab | in

patients with inflammatory bowel disease: from basic science to

clinical practsce. | Crohns Colits 20205 1405): 694-709.

Costable N, Borman ZA, Ji [, et al. Pror immurogenicity to

anti-THF biologics s not associated with increased anti-drug

antibodies to vedolizumab or ustekinumab. Dag Dis Sci. 20225

a7: M4E0-2484.

Tapamichael K, Afif W, Drobne 1, et al. Therapeutic drug mon-

itoring of baologics in inflammatary bowel disease: unmet necds

and future perspectives. Lancet Gastroenternl Heparod 2022,

2 171-185.

Sazonovs A, Kennedv NA, Mouwtsianas L, Heap GA, Tuce DL,

Beppell M, eral. HLA-DAL S carriage associated with devel-

apment of anti-drug antibodics o inflivimab and sdalimumab in

paticnts with Crohn's discase. Gastroenterology. 2020, 158

1ES-199.

Baere E, Moman M, Vermeire §, et al. Influence of immunegenic-

ity on the long-term etficacy of intlizimaly in Crohn's discase.

N Engl | Med. 2003, 348: 601-608.

Ungar B, Kopylov U, Yavoon M, et al. Prospective observational

evaluation of sdalimumab immunogenicity, drug bevels and clini-

cal response in IBIY. Aliment Pharmacol Ther. 2014; 41 943-

953,

| llF| Williet W, Boschetii G, Fover M, et al. Association between low

wrough levels of vedolizumab during induction therapy for in-

[4

[5

[

[

[&

ki

flammatory bowel diseases and need for additional doses within
6 months. Clin Gastroenzerol Hepatol. 2007, 15: 17530-1757.
[11] Wyant T, Yang L, Lirio A, et al. Vedolizumab immunogenicity
with long-term or interrupeed treatment of patients with inflam-
matory bowel discase. | Clin Pharmacol. 2021; 61: 1174-1181.
[12] Sands BE, Peyrin-Birouler 1, Kierkus |, Efficacy and safety of
marikizumab in 2 randomized phase 2 study of patients with
Crohn's disease. Gastroenterology 2022, 162: 495-504.
Roblin X, Duru G, Papamichael K, er al. Development of anti-
bodies 1o ustekinumab is associated with los of response i pa-
tienis with il‘lﬂ:lmmibl:-r'_L‘ brwel disease. | Chin Med. 2023; 12:
3395,
Farkas B, Bacsur T, Ivany E, et al. Therapeuric challenges i dat-
ficult-to-treat, penetrating Crohn's disease - 3 multidisciplinary
approach. |Teripiis kihivisok neheren kezclthets, penetrili

[13]

[14]

Crohn-beregséghen - multidiseciplindris megaldis. | Ore Henl.
2014; 165: 1252-1257. [ Hungarian|

[15] Corica [y, Romana . Biological therapy in pediatric inflamima-
tory bowel disease: @ systematic review. | Clin Gastroenternl.
2007, 51 100-116.

[16]) Finto Tais [, Espinheira M. Inflammatory bowel discase in
pediatric patients: current therapy and fumre perspecrives. GE
Port | Gastroenzerad. 200%; 26: 268-279.

Matrey N, Vande Castecle M, Seow CH, et al. Review article:
consensus statements on therapeutic drug, monitoring of anti-
tumowr neerasis factor therapy in infammatory bowel diseases.
Aliment Pharmacol Ther, 2017, #6(11-12}: L37-1053.

Assa A, Matar M, Turner I, et al. Proactive monitoring of adali-
mumab trough concentration associated with increased clmscal

[27)

(18]

remission in children with Crobn’s disease compared with reac-
tve monitceing,. Gastroenterclogy 201%; 157: 985-996, e2.
Steenboldt C, Brynskov [, Thomsen O, et al. Indrvidualised
therapy is mare cost-effective than dose intensification in parients
with Crohn's disease whe lose response to anti-TNE treatment:
a randomized controlled trial. Gut 2004; 63: 9149917,
Codombel JF, Sandborn W, Beimsch W, er al. Infhximab, aca-
thaoprine, or combination therapy for Crobn's disease. N Engl |
Med. 2010, 362: | 383-1395.

de Ridder L, Assa A, Bronsky |, et al. Use of biosmilars in pedi-
atric inflammatory bowel disease: an updated position statement
of the Pediatric [ED Porwe Group of ESPGHAN. [ Pediatr Gas-
troenterol Mutr, 2019, 6H: 144-153.

BinSynex Theradiag. Lisa Tracker. Available from: heeps:/ fwvew,
theradiag.com,/theranostic Stracker/lisa-tracker  |accessed: 10
December 2015].

Kovics K, Magypal I, Visarhelyi B, et al. Interaction of clinical
factors modesdly predict anti-TNEF-alpha antibody formation i a
real-warld cohort of inflammatory bowel discase patients. Bio-
miedicines 2025; 13: 2621,

Kennedy NA, Heap GA, Green HIY, et al. Predictors af anti-
TNF treatment filure in ann-TNF-nave patients with actve lu-

[29)

[20)

[21)

[22)

[23)

[24]

minal Crobn's disease: a prospective, multicentre, cohort stady.

Lancet Gastroenterol Hepatol. 2009, 4: 341-333.

Williet N, Boschern G, Fover M, er al. Vedolizumab trough

Jevels and antidrug antibodies are associared with therapeutic

response in inflammatory bowel discases. Clin Gastroenzerol

Hepatol. 2017, 15: 753-Tal.

Soditano V, Vayyurn SE, MacDonald K, et al. Efficacy and satery

of advanced oral small molecules for inflammatory bowel disease:

systemati review and meta-analyas. | Crohns Colids 2023; 17

1800-1816.

Vande Castecle W, Ferrante M, Van Assche G, et al. Trough con-

centrations of infliximab guide dosing for patents with inflam-

matory bowel disease. Gastroenterology 2005, 148: 1320-1329.

€.

[28) Tobi L, Cseh A, The characreristics of pediatric-onser inflamma-
tory bowel discase based on our 20-vear-long study. [A gyermek-
korban kexdddd gvelladises bélberegseg sajitossagai 20 éves
tapasztalatunk alapjin. | Orv Heel. 2025, 166 403412, [Hun-
garian |

[25)

[26)

[27)

(Kovics Kriszeidn,
Bredager, Nagyvirad ter 4., 14. emeler, 1089;
e-mall: kovacs knsztian 1 @semmelweis.hu)

Aclik a Craathie Commans Attribution 4.0 Intematorsl Lierse (hitpe-lereathecammans. ol icensesfiyM ) fehiétels mzernt publka® Open Access kizkemény,
meknek szellamében a ckk bamilyen médumban szabadon felnasznalnatd, megoazihaid 45 rakdatinedd, feliéve, bogy 8z eredell szerl 4 a kizks helya,
{letve 8 CC Licensa inke és 8z exsdegeasn vagrehaiot modosiiank feturmeiéare keelined. (SI0_1)

ORVOSI HETILAP

77

2026 w 18T, évialyam, B. szém



