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Background/Aims: Anti-drug antibodies (ADAs) can develop during treatment with anti-tumor
necrosis factor (TNF) agents. We aimed to investigate the factors associated with immunogenic-
ity of anti-TNF agents in pediatric patients with inflammatory bowel disease (IBD) and observe
the clinical course of ADA-positive patients.

Methods: Pediatric IBD patients receiving maintenance treatment with anti-TNF agents who had
been tested for ADAs against infliximab (IFX) or adalimumab (ADL) were included in this cross-
sectional study. Factors associated with ADA positivity were investigated by analyzing clinicode-
mographic, laboratory, and treatment-related factors.

Results: A total of 76 patients (Crohn’s disease, 65; ulcerative colitis, 11) were included. Among
these, 59 and 17 patients were receiving IFX and ADL, respectively. ADAs were found in 10
patients (13.2%), all of whom were receiving IFX. According to multivariable logistic regression
analysis, the IFX trough level (TL) was associated with ADA positivity (odds ratio, 0.25; 95%
confidence interval [Cl], 0.08 to 0.51; p=0.002). According to the receiver operating characteristic
analysis, the optimal cutoff of the IFX TLs for stratifying patients based on the presence of ADAs
against IFX was 1.88 pg/mL (area under curve, 0.941; 95% Cl, 0.873 to 1.000; sensitivity, 80.0%;
specificity, 95.9%; p<0.001). Among the 10 patients with ADAs against IFX, five patients (50%)
switched to ADL within 1 year, while five patients (50%) kept receiving IFX. Transient ADAs were
observed in three patients (30%).

Conclusions: IFX TL was the only factor associated with ADA formation in pediatric IBD patients
receiving IFX. Future studies based on serial and proactive therapeutic drug monitoring are re-
quired in the future. (Gut Liver 2021;15:588-598)
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INTRODUCTION

Inflammatory bowel disease (IBD), including Crohn’s
disease (CD) and ulcerative colitis, is a chronic disease of
multifactorial etiology characterized by repetitive episodes
of relapse and remission of gastrointestinal symptoms.'
Approximately 25% of patients with IBD develop IBD-
compatible symptoms before reaching the age of 20 years,
and IBD in patients <20 years old typically exhibit a more
aggressive phenotype than that seen in adults.”* Early

effective treatment is therefore crucial in pediatric IBD
patients.”® Likewise, treatment strategies in pediatric IBD
have evolved to introduce anti-tumor necrosis factor (TNF)
agents earlier in the disease course.”

However, primary nonresponse and secondary loss of
response (LOR) is another problem that physicians face
during treatment with these agents, with less than 40% of
patients capable of sustaining clinical remission at 1 year.’
This may in part be explained by the occasional develop-
ment of immunogenicity to anti-TNF agents. The develop-
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ment of anti-drug antibodies (ADAs) is reported to occur
in up to 65.3% of patients receiving infliximab (IFX), and
in up to 38.0% of those receiving adalimumab (ADL).” The
formation of ADAs, which possess neutralizing or binding
properties, not only interferes with the binding of agents
to TNF-q but also accelerates drug clearance by the reticu-
loendothelial system.” Moreover, recent evidence suggests
that the development of ADAs could be a result of insuf-
ficient IFX exposure.'*" Even so, an association between
the presence of ADAs and poor clinical outcomes has been
reported, and recent data from a meta-analysis shows that
patients with ADAs against IFX are three times more likely
to lose response compared with patients who have not de-
veloped ADAs."

Apart from the association with drug concentration,
certain patient factors, such as the concomitant adminis-
tration of immunomodulators during anti-TNF treatment,
have also shown an association with ADA formation in
adults;®""° however, available data are limited for pediatric
IBD patients. Therefore, we aimed to investigate factors as-
sociated with the development of immunogenicity to anti-
TNF agents in pediatric patients with IBD and the clinical
course of patients with ADAs.

MATERIALS AND METHODS

1. Patients and study design

This study was approved by the Institutional Review
Board of Kyungpook National University Chilgok Hospital
(IRB number: 2017-09-026), and was performed in accor-
dance with the Declaration of Helsinki.

This was a retrospective cross-sectional study per-
formed at the Department of Pediatrics, Kyungpook Na-
tional University Chilgok Hospital from March to October
2017. Subjects included were pediatric IBD patients who
had been diagnosed with IBD before reaching the age of
18, who were receiving maintenance treatment with anti-
TNF agents, namely IFX or ADL, and for whom test re-
sults were available on ADAs as well as data on anti-TNF
agent trough levels (TLs). Patients who had started anti-
TNF therapy only after reaching the age of 18, and those
who had not been tested for ADAs were excluded. CD and
ulcerative colitis were diagnosed according to the revised
Porto Criteria of the European Society for Paediatric Gas-
troenterology, Hepatology, and Nutrition.'®

Clinicodemographic and treatment-related data includ-
ing sex, diagnosis age, diagnosis, disease duration from
diagnosis to anti-TNF initiation, duration of anti-TNF
treatment, anti-TNF type, previous anti-TNF treatment,
concomitant medication, and dose intensification dur-

ing maintenance were collected from electronic medical
charts. Clinical scores including Pediatric Crohns Disease
Activity Index and Pediatric Ulcerative Colitis Activity
Index scores, routine laboratory test results including com-
plete blood cell count, erythrocyte sedimentation rate, C-
reactive protein, chemistry profiles, and fecal calprotectin
results were collated together with TL and ADA results.
Serum samples for TL and ADA testing had been obtained
during maintenance treatment with anti-TNF agents at
trough point before the scheduled infusion in addition
to samples for routine laboratory tests. Samples had been
obtained not serially but just once for all patients, while
for those with positive ADAs at initial tests additional
samples were obtained 1 year afterwards. Serum TLs and
ADAs were measured using enzyme-linked immunosor-
bent assay kits from Matriks Biotek Laboratories (Ankara,
Turkey) and Immundiagnostik AG (Bensheim, Germany),
respectively."*

An ADA level >10 AU/mL was defined as ADA posi-
tive, while an ADA level <10 AU/mL was defined as a
negative ADA, for both IFX and ADL. Subtherapeutic TLs
for IFX and ADL were defined as <5 and <7.5 pg/mL, re-
spectively.”” Clinical remission was defined as a Pediatric
Crohn’s Disease Activity Index <10 for CD and Pediatric
Ulcerative Colitis Activity Index <10 for ulcerative colitis.
Patients were divided into two groups according to ADA
positivity, and investigation of factors associated with ADA
positivity was carried out. In patients positive for ADAs,
the treatment and clinical course were further observed
over the following 12 months.

2. Statistical analysis

The Student t-test and Wilcoxon rank-sum test were
used for the comparison of continuous variables between
groups, and the chi-square test and Fisher exact test were
used for the comparison of categorical variables between
groups. Data are expressed as meantstandard deviation
for factors exhibiting a normal distribution, and median
(interquartile range) for factors exhibiting a non-normal
distribution. Logistic regression analyses were performed
to investigate factors associated with ADA positivity. Uni-
variate logistic regression analysis was first carried out to
investigate the crude odds ratio (OR) for each factor, and
multivariate logistic regression with a stepwise selection
procedure was performed to investigate adjusted ORs for
significant risk factors after adjusting for possible con-
founders. As the stepwise procedure was applied, only
factors showing a univariate-level significance of p<0.1
were included in the multivariate logistic model. Receiver
operating characteristic curve analysis was performed to
determine the optimal cutoff of factors that could best
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stratify patients with and without ADAs. Probability p-val-
ues <0.05 were considered to imply statistical significance.
Statistical analysis was carried out using the R software
(version 3.2.3; R Foundation. Vienna, Austria).

RESULTS

1. Baseline characteristics

A total of 92 patients were receiving maintenance
treatment with anti-TNF agents during the study period.
Among them 76 patients (82.6%) who met the inclusion
criteria were included in this retrospective cross-sectional
study. Among the 76 patients, 49 (64.5%) were males, and
65 (85.5%) were diagnosed with CD. Fifty-nine patients
(77.6%) were receiving IFX, and 56 (73.7%) were receiving
combination treatment with immunomodulators. Addi-
tional baseline characteristics are shown in Table 1.

2. Comparison of factors according to ADA positivity
ADAs were detected in 10 patients (13.2%). All patients
with ADAs were receiving IFX for maintenance treat-

Table 2. Comparison of Factors between Patients Stratified According to the Presence of an Immune Response to Anti-TNF Agents

ment. Comparison of factors between patients according
to ADA positivity revealed that the rate of clinical remis-
sion was significantly lower in patients who were ADA-

Table 1. Baseline Characteristics

Value

Diagnosis

CcD 65 (85.5)

uc 11 (14.5)
Male sex 49 (64.5)
Age at diagnosis, yr 14.1(12.1-15.5)
Age at study inclusion, yr 17.0 (15.4-18.7)
Duration from diagnosis to anti-TNF initiation, yr 0.1(0.0-0.5)
Duration of anti-TNF treatment, yr 2.5(1.4-3.6)
Anti-TNF agent

Adalimumab 17 (22.4)

Infliximab 59 (77.6)
Previous treatment with other anti-TNF agent 2(2.6)
Dose intensification 20 (26.3)
Concomitant immunomodulators 56 (73.7)
Concomitant corticosteroids 0

Data are presented as number (%) or median (interquartile range).
CD, Crohn’s disease; UC, ulcerative colitis; TNF, tumor necrosis fac-

tor.

Variable ADA-negative (n=66) ADA-positive (n=10) p-value

Male sex 41(62.1) 8(80.0) 0.455
Diagnosis 0.310

CcD 58 (87.9) 7(70.0)

uc 8(12.1) 3(30.0)
Age at diagnosis, yr 14.4(12.2-15.6) 13.3(9.9-14.9) 0.318
Age at study inclusion, yr 17.0 (15.4-18.8) 17.0 (14.4-18.7) 0.695
Duration from diagnosis to anti-TNF treatment initiation, yr 0.1(0.0-0.5) 0.0(0.0-0.5) 0.605
Duration of anti-TNF treatment, yr 2.5(1.3-3.4) 3.0 (1.8-4.1) 0.398
Anti-TNF agent 0.157

Adalimumab 17 (22.4) 0

Infliximab 49 (74.2) 10(100.0)
Previous treatment with other anti-TNF agent 2(3.0 0 1.000
Dose intensification 16 (24.2) 4(40.0) 0.440
Concomitant immunomodulator 49 (74.2) 7(70.0) 1.000
Clinical remission 62(93.9) 6 (60.0) 0.007
WBC, /uL 6,260 (5,250-7,220) 8,185 (7,460-8,360) 0.004
Hematocrit, % 40.5+£3.7 41.6+4.0 0.387
Platelet count, x10°/pL 284.7+60.2 314.6484.6 0.171
Albumin, g/dL 4.4 (4.2-4.5) 4.2 (61-4.4) 0.116
CRP, mg/dL 0.0(0.0-0.1) 0.2(0.1-0.5) 0.017
ESR, mm/hr 7(3-16) 11.5(3-18) 0.578
FC, mg/kg 55.2 (21.2-208.4) 54.0 (16.3-808.5) 0.641
Infliximab TL, pug/mL 5.3(3.3-7.5) 1.0(0.0-1.7) <0.001
Adalimumab TL, pg/mL 8.3(6.6-11.2) NA NA
Subtherapeutic TL 31(47.0) 10(100.0) 0.001
Infliximab ADA level, AU/mL 3.3(2.7-4.3) 30.6(17.3-86.3) <0.001
Adalimumab ADA level, AU/mL 1.5(1.3-1.5) NA NA

Data are presented as number (%), median (interquartile range), or mean+SD.
TNF, tumor necrosis factor; ADA, anti-drug antibody; CD, Crohn’s disease; UC, ulcerative colitis; WBC, white blood cell; CRP, C-reactive protein;

ESR, erythrocyte sedimentation rate; FC, fecal calprotectin; TL, trough level; NA, not applicable.
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positive compared with those who were ADA-negative
(60.0% vs 93.9%; p=0.007). Significant differences between
the two groups were also observed with regard to white
blood cell (WBC) counts (median 8,185/uL vs 6,260/pL;
p=0.004), C-reactive protein (median 0.2 mg/dL vs 0.0 mg/
dL; p=0.017), IFX TLs (median 1.0 pg/mL vs 5.3 pg/mL;
p<0.001), and ADA levels against IFX (median 3.3 AU/mL
vs 30.6 AU/mL; p<0.001) (Table 2). However, no signifi-
cant difference was observed with regard to the proportion
of patients receiving immunomodulators between patients
with and without ADAs (74.2% vs 70.0%; p=1.000).

An additional comparison was performed of patients
divided according to anti-TNF type. Among the baseline
characteristics, the duration of anti-TNF treatment was
significantly longer in patients who were receiving IFX
compared with those receiving ADL (3.0£1.3 years vs

0.9+0.5 years; p<0.001). Significant differences between
patients receiving IFX and ADL were also observed with
regard to erythrocyte sedimentation rate levels (median
[interquartile range] IFX vs ADL: 9.0 mm/hr [4.0 to 16.5]
vs 4.0 mm/hr [2.0 to 7.0]; p=0.011). The ADA levels for
patients receiving ADL were all <10 AU/mL, and ADL TLs
were >5 pg/mlL (Fig. 1).

3. Factors associated with ADA positivity

According to univariate logistic regression analysis,
WBC count was the only significant factor associated with
ADA positivity (OR, 1.63; 95% confidence interval [CI],
1.11 to 2.50; p=0.015). Meanwhile, C-reactive protein and
fecal calprotectin (FC) both showed p-values <0.1 and
were included in the multivariate analysis along with WBC
count (Table 3). According to multivariate logistic regres-
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Fig. 1. Scatter diagram of TLs and ADAs among patients receiving (A} IFX and (B) ADL.
TL, trough level; ADA, anti-drug antibody; IFX, infliximab; ADL, adalimumab.

Table 3. Factors Associated with Immunogenicity of Anti-TNF Agents

Univariate analysis Multivariate analysis with stepwise selection

Variable
OR 95% ClI p-value OR 95% ClI p-value
Sex (male) 2.44 0.56-17.03 0.283
Diagnosis (UC) 3.1 0.58-13.97 0.149
Age at diagnosis 0.88 0.73-1.09 0.220
Age at study inclusion 0.92 0.76-1.13 0.378
Duration from diagnosis to anti-TNF treatment initiation 1.02 0.46-1.64 0.943
Duration of anti-TNF treatment 1.17 0.74-1.82 0.494
Dose intensification (yes) 2.08 0.48-8.25 0.299
Concomitant immunomodulator (yes) 0.81 0.20-4.08 0.777
WBC count 1.63 1.11-2.50 0.015 1.98 1.26-3.39 0.006
Hematocrit 1.09 0.91-1.33 0.384
Platelet count 1.01 1.00-1.02 0.176
Albumin 0.08 0.00-2.40 0.166
CRP 5.58 0.65-44.23 0.094
ESR 1.00 0.93-1.05 0.998
FC 1.1 0.97-1.25 0.097 114 1.00-1.31 0.044

TNF, tumor necrosis factor; OR, odds ratio; Cl, confidence interval; UC, ulcerative colitis; WBC, white blood cell; CRP, C-reactive protein; ESR,
erythrocyte sedimentation rate; FC, fecal calprotectin.
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sion analysis with stepwise selection, WBC count and FC
were significantly associated with ADA positivity (OR,
1.98; 95% CI, 1.26 to 3.39; p=0.006 and OR, 1.14; 95% CI,
1.00 to 1.31; p=0.044, respectively) (Table 3).

Because ADAs were observed only in patients receiving
IFX, a sub-analysis was additionally performed. According
to univariate analysis, WBC count and IFX TL were signif-
icantly associated with ADA positivity (OR, 1.51; 95% CI,
1.04 to 2.29; p=0.039 and OR, 0.25; 95% CI, 0.08 to 0.51;
p=0.002, respectively). These two factors along with plate-
let count and FC, which both showed a p-value <0.1, were
included in the multivariate analysis (Table 4). According
to multivariate logistic regression analysis with stepwise
selection, IFX TL was the only factor associated with the
ADA positivity (OR, 0.13; 95% CI, 0.01 to 0.42; p=0.015)
(Table 4).

A further analysis was carried out to reveal the optimal
cutoff of factors that could best stratify patients with and
without ADAs in patients receiving IFX. According to re-
ceiver operating characteristic curve analysis, the optimal
cutoff level indicating ADA positivity was 1.88 pg/mL for
IFX TL (area under curve, 0.941; 95% CI, 0.873 to 1.000;
sensitivity, 80.0%; specificity, 95.9%; positive predictive
value, 80.0%; negative predictive value, 95.9%; p<0.001)
(Fig. 2).

4. Treatment and clinical course in patients with
ADAs
Among the 10 patients who had developed ADAs
against IFX, secondary LOR was observed in four patients
(Fig. 3). IFX doses and intervals were 5 mg/kg every 4

Table 4. Factors Associated with Immunogenicity of Infliximab (n=59)

weeks for three of these four patients, and the remaining
patient was receiving IFX by regular doses and intervals of
5 mg/kg every 8 weeks and also experienced an anaphy-
lactic infusion reaction. IFX was switched to ADL in these
four patients, while IFX was continued in the other six pa-
tients who were in clinical remission. In these six patients,
secondary LOR occurred in two patients within a year,
and so, one patient was switched to ADL, while symptoms
improved in the other after dose intensification to 10 mg/
kg every 8 weeks. The other four patients sustained clinical
remission for a year without secondary LOR.

Among the five patients who kept receiving IFX, TLs,
and ADAs were measured 1 year after the initial measure-
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Fig. 2. Receiver operating characteristic curve of infliximab trough
levels stratifying patients with and without anti-drug antibodies
against infliximab.

AUC, area under curve; Cl, confidence interval.

Univariate analysis

Multivariate analysis with stepwise selection

Variable
OR 95% CI p-value OR 95% ClI p-value
Sex (male) 3.00 0.67-21.27 0.192
Diagnosis (UC) 2.57 0.47-12.00 0.234
Age at diagnosis 0.89 0.71-1.11 0.278
Age at study inclusion 0.88 0.7-1.09 0.211
Duration from diagnosis to anti-TNF treatment initiation 1.04 0.45-1.79 0.21
Duration of anti-TNF treatment 0.88 0.51-1.47 0.640
Dose intensification (yes) 2.30 0.51-9.62 0.254
Concomitant immunomodulator (yes) 1.13 0.27-5.78 0.870
WBC count 1.51 1.04-2.29 0.039
Hematocrit 1.16 0.94-1.47 0.205
Platelet count 1.01 1.00-1.02 0.084 1.03 1.00-1.07 0.089
Albumin 0.07 0.00-2.18 0.159
CRP 433 0.49-35.53 0.158
ESR 0.99 0.92-1.05 0.731
FC 1.13 0.98-1.33 0.084
Infliximab TL 0.25 0.08-0.51 0.002 0.13 0.01-0.42 0.015

OR, odds ratio; Cl, confidence interval; UC, ulcerative colitis; TNF, tumor necrosis factor; WBC, white blood cell; CRP, C-reactive protein; ESR,

erythrocyte sedimentation rate; FC, fecal calprotectin; TL, trough level.
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IFX ADA-positive (n=10)

CR (n=6) LOR (n=4)
No change (n=6) Switch to ADL (n=4)
v
CR (n=4) LOR (n=2)
v v

No change (n=4) IFX DI (n=1) Switch to ADL (n=1) | Fig. 3. Flow diagram of the treat-
ment and clinical course of patients

L < with ADAs against IFX.
CR (n=4) CR (n=1) ADAr anlti—drug antibody; CR, clinical
remission; LOR, loss of response;
ADA-positive (n=2) | ADA-negative (n=2) ADA-negative (n=1) ADL, adalimumab; IFX, infliximab;

DI, dose intensification.

ments. Three patients were negative for ADAs, while ADAs
were still detected in two patients (Table 5). Initial ADA
titers were lower in the three patients who became ADA-
negative at 1 year compared with the seven patients who
had experienced secondary LOR and/or who remained
ADA-positive at 1 year, revealing a borderline statistical
significance (14.97+4.37 AU/mL vs 75.60+68.82 AU/mL;
p=0.059).

DISCUSSION

In this study, we investigated clinicodemographic, labo-
ratory and treatment-related factors potentially associated
with immunogenicity to anti-TNF agents in pediatric pa-
tients with IBD who had been receiving maintenance treat-
ment with either IFX or ADL. We found a significant as-
sociation between IFX TLs and ADA positivity in patients
receiving IFX, and derived an optimal IFX TL cutoff of
1.88 pg/mL that could best stratify patients with and with-
out ADAs. These results are the first from real-life clinical
practice in Korean children with IBD.

Immunogenicity to anti-TNF agents arises when the
immune system of the host recognizes the drug as a foreign
antigen and develops specific ADAs against it.”* In adults,
the development of ADAs to IFX occurs in up to 65.3% in
patients with IBD,” while ADAs to IFX have been reported
in 8% to 43% of pediatric patients with IBD.”” The results
of our study are in agreement with these observations, as
ADAs were detected in 13.2% of patients receiving IFX.
Meanwhile, no ADAs were detected in patients receiving
ADL in this study. Because ADL is a humanized monoclo-
nal antibody, theoretically it should be less immunogenic

compared with IFX. However, data from studies from adult
patients with IBD show that the risk of immunogenicity to
ADL is comparable with that of IFX, which is reported to
be up to 38.0%.”

There is limited data regarding the immunogenicity to
ADL from studies on children with IBD. ADAs to ADL
have been reported to occur in 3.3% to 10.3% of pediatric
patients,”"** which is a relatively lower proportion than
that observed among their counterparts receiving IFX and
also among adult patients with IBD. The absence of ADAs
against ADL observed in our study could be due to the
significantly shorter duration of anti-TNF treatment in
patients treated with ADL compared with those receiving
IFX (0.9+0.5 years vs 3.0+1.3 years; p<0.001). However, a
recent prospective study of adult patients with CD receiv-
ing ADL revealed that the development of ADAs against
ADL occurred in 79% of patients by week 14 of ADL ini-
tiation.” Further studies in children with IBD are required
to elucidate whether the risk and timing of the develop-
ment of ADAs to ADL differ from those of adults.

The development of ADAs to anti-TNF agents can neu-
tralize the drug by direct binding of neutralizing antibodies
or accelerating the clearance of the drug by the reticuloen-
dothelial system via an indirect mechanism of binding of
non-neutralizing antibodies to the drug.”** This causes a
decrease of anti-TNF drug levels, which may lead to LOR
during treatment.”*** Studies in children with IBD have
also revealed an association between ADAs and LOR.”**
This was also observed in our study, which revealed signif-
icantly lower IFX TLs and significantly lower rates of clini-
cal remission in patients with ADAs against IFX compared
with those who were ADA-negative. Furthermore, WBC
count and FC were significantly associated with ADA posi-
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IFXTL, ADA,
pg/mL AU/mL

At 1yr

CR FC, mg/kg

Treatment
change

Within 1yr

LOR

Treatment
change

IFX dose,
5 ma/kg, 8 wk

ADA,
AU/mL

At baseline

IFXTL,
pg/mL

FC, mg/kg

LOR

Diagnosis  Sex

Patient
No

Table 5. Description of the Treatment and Clinical Course of Patients with ADAs Against IFX
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ADL
ADL
ADL
ADL

206.3
122.0

0
0.16

uc
uc
uc
CD

2,000

5 ma/kg, 4 wk

808.5
1,049.7

5 ma/kg, 4 wk

35.7

5 mg/kg, 4 wk

25.4

0.68

635.4

23

Y (+IR)

F

47.60

0
2.92
10.88

435

36.2

3.42

CD
CD
CcD
CD
CD
CcD

67.40

50.2

86.3

76.6

9.78
2.83

9.

18.2

10.4

1.7

11.5

1.72
11.80

11.5

15.4

1.34
2.92
1.62

16.3

60

86.8

IFX DI

Y (2 mo)

19.1

31.4

ADL

Y (10 mo)

5 ma/kg, 4 wk N

17.3

14.8

10

ADA, anti-drug antibody; LOR, loss of response; FC, fecal calprotectin; IFX, infliximab; TL, trough level; CR, clinical remission; UC, ulcerative colitis; CD, Crohn’s disease; F, female; M, male; Y, yes; N, no;

IR, infusion reaction; ADL, adalimumab; DI, dose intensification.

tivity in our study, indicating the negative impact of the
presence of ADAs on controlling systemic inflammation as
well as mucosal healing. ADAs are also known to be asso-
ciated with the occurrence of infusion reactions, and may
impose a 6-fold higher risk of serious acute infusion reac-
tions as observed in a patient in our study.”

Combination therapy with an immunomodulator dur-
ing treatment with anti-TNF agents is a well-known factor
capable of decreasing the risk of ADA formation, leading
to higher anti-TNF drug levels and better treatment out-
comes in both children and adults with IBD."*"***
retrospective multicenter observational study of 229 chil-
dren with CD receiving IFX, ADA formation was higher in
patients on IFX monotherapy compared to those who were
on continuous combined immunosuppression (p=0.003)
and had received early combined immunosuppression

In a

(p=0.008) according to Kaplan-Meier analysis (log-rank
overall 0.002).” In this study, ADAs to IFX developed in
each 42% (8/19), 10% (6/62), and 14% (11/81) who re-
ceived IFX monotherapy, on continuous combined immu-
nosuppression, and had received early combined immuno-
suppression, respectively. In another cross-sectional study
of 223 pediatric and young adult patients with IBD on IFX,
patients who were currently on combination therapy had a
lower rate of detectable ADA to IFX (9.5%) compared with
those on monotherapy (20.0%) in multivariate analysis
(OR, 0.3; 95% CI, 0.1 to 0.7; p<0.01).” However, we were
unable to observe this impact of immunomodulators on
the development of ADAs to IFX in our study. This may
be due to the small number of patients included, as well as
the limitations of the cross-sectional study design. Another
possible reason may be due to the fact that all of the pa-
tients had started IFX with an immunomodulator although
20 patients had stopped them sometime during mainte-
nance treatment with IFX. Meanwhile, a recent study of
children with CD revealed that there was no benefit of
adding an immunomodulator to ADL treatment compared
with ADL monotherapy.” Further large-scale and longitu-
dinal studies on the impact of concomitant treatment with
an immunomodulator during treatment with ADL in chil-
dren are required for better insight.

Therapeutic drug monitoring (TDM) of anti-TNF
agents has emerged as a strategy to optimize and personal-
ize treatment based on measurement of TLs and ADAs.”
Reactive TDM, which suggests treatment based on TDM
results taken at the point of secondary LOR, is currently
recommended in clinical practice.” According to acknowl-
edged treatment algorithms for reactive TDM, when TLs
are subtherapeutic and ADAs detectable, optimizing the
index therapy is recommended in case of low-level ADAs,
and switching to a different drug class plus addition of
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an immunomodulator is recommended in patients with
high-level ADAs.” In our study, all four patients in whom
secondary LOR had occurred switched to ADL. These de-
cisions had been made clinically, since the actual measure-
ment of TLs and ADAs were conducted afterwards. When
retrospectively investigated, decisions based on clinical
symptoms were fortunately in line with current guidelines,
although the enzyme-linked immunosorbent assay kits we
had used for measuring ADAs did not provide a cutoff for
discriminating between high- and low-level ADAs.
Transient ADAs can spontaneously develop and disap-
pear anytime during treatment with anti-TNF agents.’*”’
In the study by Vande Casteele et al.,”* transient ADAs
were reported in 28% of patients who developed ADAs
during treatment with IFX. They also observed that tran-
sient ADAs to IFX not always resulted in a worse clinical
outcome, while sustained high levels of ADAs to IFX led
to permanent LOR.” In our study, we were also able to
observe that 30% (3/10) of patients with positive ADAs
to IFX had transient ADAs. Furthermore, patients with
transient ADAs to IFX also had relatively lower ADA titers
of borderline significance compared with those exhibiting
sustained ADAs and those who had switched to ADL due
to secondary LOR (75.60+68.82 AU/mL vs 14.97+4.37 AU/
mL; p=0.059). These results are in line with a recent study
by Brandse et al.”® reporting that ATT titers of 30 AU/mL
were consistently associated with undetectable IFX TLs.
While the presence of ADAs is responsible for the de-
crease of anti-TNF drug levels, recent evidence also sug-
gests that the development of ADAs could conversely be a
result of insufficient anti-TNF exposure.'™"' The probabil-
ity of developing ADAs to IFX has been reported to corre-
late with the amount of time during which IFX TLs remain
below 3 mg/mL.**” To this end, we found a significant as-
sociation between IFX TLs and ADA positivity in patients
receiving IFX in our study and revealed that a receiver op-
erating characteristic curve-based optimal IFX TL cutoff of
1.88 ug/mL was associated with ADA positivity. Proactive
TDM, which pre-emptively optimizes treatment based on
TDM in patients in clinical remission during maintenance
therapy instead of waiting for and acting upon secondary
LOR is now receiving increasing interest in the treatment
of IBD.""*" Recent randomized controlled trials involving
both adults and children have revealed promising results of
its superiority over clinically based dosing or reactive TDM
based dosing.""*” The currently acknowledged therapeutic
threshold TLs for clinical remission in adult patients with
IBD are 5 pg/mL for IFX, and 7.5 ug/mL for ADL."” How-
ever, mucosal healing, which is the current target for the
treatment for IBD, is a more stringent goal compared with
clinical remission, and therefore requires higher TL thresh-

olds. Although there is limited data on the TL thresholds
required for mucosal healing, studies of both adult and pe-
diatric patients with IBD have proposed higher cutoffs for
mucosal healing compared with those for clinical remis-
sion.”*

Unfortunately, appropriate TDM is currently not avail-
able in Korea. Tests for [FX TLs have only recently been
made available in clinical practice, and tests for ADAs
against IFX as well as for TDM of other biologics are cur-
rently unavailable in Korea. Moreover, for dose intensifica-
tion or interval shortening, the current national insurance
policy of Korea reimburses only in the event of clinically
apparent secondary LOR. The results of our study may
therefore provide the necessity for the implementation of
tests for ADAs to IFX as well as for TDM of other anti-
TNF agents in real-life clinical practice. Future studies
based on serial and proactive TDM are required to better
elucidate the relationship between IFX TLs and the devel-
opment of ADAs.

Meanwhile, two patients exhibiting sustained ADA
responses against IFX had continuously sustained clinical
remission for a year without experiencing any change in
dosing or interval changes in IFX. Considering that these
patients had FC levels of <100 mg/kg at baseline and 1-year
follow-up TDM measurement, it could be assumed that
both patients had mucosal healing. According to studies
on anti-TNF cessation in adults and pediatric patients with
CD, both could be good candidates for anti-TNF cessation
in those who would likely continue to maintain clinical
remission for a long period, receiving immunomodulatory
therapy only.”* Therefore, TDM carried out on a regular
basis may also inform the identification of patients that
could consider discontinuing anti-TNF agents.

The major limitation of this study is the cross-sectional
study design. Only patients receiving maintenance treat-
ment were included, while those who had discontinued
anti-TNF treatment due to primary or secondary LOR
were not, and hence selection bias may have been intro-
duced. Moreover, we lacked serial test results for ADAs
and TLs starting from anti-TNF initiation. It is known that
90% of patients who develop a sustained ADA response
against IFX do so within the first 12 months of therapy,
while transient ADAs to IFX are detected throughout the
period of IFX treatment.” Because, the blood samples for
measurement of ADAs of IFX were taken at a time period
of 3.0£1.3 years from IFX initiation, the proportion of pa-
tients who had actually developed ADAs to IFX may not
be accurate. Another limitation is the relatively small num-
ber of patients included. Large-scale prospective studies
are required to increase our insight.

In conclusion, IFX TLs were associated with the devel-
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opment of ADAs in pediatric patients with IBD receiving
maintenance treatment with IFX. Future studies based on
serial and proactive TDM are required to better elucidate
the relationship between IFX TLs and the development of
ADA:s.
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