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2-44% of patients treated with infliximab (IFX)
and adalimumab (ADL), respectively.>-°

A combination of IFX and an immunomodulator
(IMM) was consistently shown to be superior to
IFX monotherapy in both adults and children,
partially, via suppression of ADAs.”° In contrast,
the effect of adding IMM to ADL is more contro-
versial with conflicting results, ranging from no
benefit!?-12 to significant beneficial effect, mostly
through suppression of immunogenicity.!3
Recently, it was shown that the HLA-DQA1*05
allele, carried by approximately 40% of
Europeans, significantly increased the rate of
immunogenicity of both IFX and ADL, regard-
less of combination treatment with an IMM. 14

Primary and secondary failures to the first agent
were shown to result in decreased efficacy of the
second agent;!> however, a switch in-class is still
the recommended option when the cause of fail-
ure is immunogenicity.16 There is scarce data sug-
gesting that the risk for immunogenicity is
increased in patients with IBD who switched to a
second anti-TNF (switchers) following develop-
ment of ADAs to the first anti-TNFo agents
(consecutive immunogenicity).17-18

Here, we aimed to further investigate the impact of
switch in-class between IFX and ADL (or vice versa)
on the risk to develop consecutive immunogenicity.

Materials and methods

Design

This was a multicenter retrospective study con-
ducted in three tertiary medical centers in Israel; two
large IBD centers for adults — Rabin Medical Center
(RMC) and Sheba Medical Center — and one pedi-
atric center at the Schneider Children’s Hospital.

Patients

Medical records of adults and pediatric patients
with IBD who were followed between 2014 and
2020 at the respective medical centers and who
were treated with anti-TNFo agents and had
pharmacokinetic (PK) data were reviewed.
Patients who switched from one anti-TNFa to
another and had a comprehensive clinical and PK
data were assessed for consecutive immunogenic-
ity — cohort of switchers. Drug levels and anti-
body measurements were performed based on the

treating physician discretion. All adults and pedi-
atric population were eligible. Rates of IFX and
ADL ADAs were assessed from the lab databases
— PK results (irrespective of indication).

PK analysis

Most PK tests were performed at the Sheba
Gastroenterology Laboratory, Ramat Gan, Israel,
and 29 tests were performed at the RMC lab.

PK analysis at both labs is performed by an
enzyme-linked immunosorbent assay (ELISA).
Of note, the Sheba lab uses a drug tolerant assay
based on an anti-human lambda-chain detection
on an ELISA platform, previously described else-
where.1%20 The RMC lab utilizes a commercial
assay by Theradiag©, Beaubourg, France. Drug
level values at both these labs are measured by the
same units of micrograms per milliliter. However,
ADA measurements for these assays are not simi-
lar, and these tests have different positive cutoffs
and scale. For uniformity of assessment of immu-
nogenicity, we have defined each test of ADA as
either positive or negative according to the spe-
cific relevant assays’ cutoffs: >2 micrograms per
milliliter for the Sheba lab and >10nanograms
per milliliter for the RMC lab. In order to assess
the impact of ADA titers, we calculated antibody
ratio based on the level of antibodies at the first
positive test based on the positive cutoff for the
appropriate lab.

Description of variables and outcomes

Data including age, sex, disease type, duration of
therapies, concomitant use of IMMs, and reason
for discontinuation of the first anti-TNFa were
recorded.

Immunogenic failure was defined as clinical LOR
leading to drug discontinuation in the presence of
anti-TNFa antibodies with no drug present.

Statistical analysis

Continuous variables were evaluated for normal
distribution using histogram, Q-Q Plots, and
Kolmogorov—Smirnov test, and reported as
median (interquartile range, IQR) for non-nor-
mally distributed variables or mean (standard
deviation, SD) for normally distributed variables.
Categorical variables were reported as frequency
and percentage. Similarity of characteristics at
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baseline between the two groups (according to
chronology of treatment) was assessed by using
Mann-Whitney test or z-test for continuous vari-
ables, and chi-square test or Fisher’s exact test for
categorical variables. We used Kaplan—Meier
curves to analyze the effect of first agent immuno-
genicity on second drug immunogenicity accord-
ing to different variables. Cox regression analysis
was used to assess variables associated with
increased immunogenicity to the second anti-
TNFa. All reported p values are two-sided. The p
values <0.05 were considered significant. Data
were analyzed using SPSS (IBM SPSS Statistics,
Version 26.0, IBM Corp., Armonk, NY, USA).

Ethical considerations

The study was approved by the local institutional
review board of each participating center, and the
requirement for a documented informed consent
was waived. The reporting of this study conforms
to the STROBE (Strengthening the Reporting of
Observational Studies in Epidemiology) state-
ment .

Results

Overall, 164 patients who switched between
anti-TNFa agents — 52% male; 88% Crohn’s
disease; mean age=24.4* 14.6years, 61/164
patients <17years of age (Al) — were included
in the analysis; 108 patients (66%) switched
from IFX to ADL, and 56 (34%) from ADL to
IFX. Median duration of disease from diagnosis
to initiation of the first anti-TNFo was 18 months
(IQR =4-88 months), and from diagnosis to the
second anti-TNFo was 49 months (IQR=16—
118 months). Patients’ characteristics at baseline
are depicted in Table 1. Immunogenic failure
was present in 93/108 (86.1%) patients who had
been on IFX first and in 27/56 (48.2%) patients
who had ADL first. All other reasons for switch-
ing therapies are presented in Table 2. ADAs to
the first and second anti-TNFo agents were pre-
sent in 120/164 (73%) and 61/164 (37%)
patients, respectively. An IMM was initiated in
38 (23%) and 55 (33%) patients with the first
and second treatments, respectively; 44/120
patients (36.6%) who had an immunogenic fail-
ure to the first anti-TNFa started an IMM with
the second anti-TNFa. Patients’ disposition is
depicted in Figure 1. Status of the second anti-
TNFao therapy is presented in Supplementary
Table 1.

When stratifying the cohort according to chronol-
ogy (IFX to ADL, »=108; ADL to IFX, n=56),
there were no significant differences in all varia-
bles at diagnosis between the two sub-cohorts
(data not shown).

Consecutive immunogenicity

Kaplan—Meier analysis was used to assess the
time dependent rate of ADAs development to the
second anti-TNFa according to immunogenicity
to the first anti-TNFa (Figure 2(a)). No signifi-
cant difference was noted when analyzing the
entire cohort, regardless of chronology of switch
(IFX to ADL and vice versa; p=0.30).

In switchers from IFX to ADL, immunogenicity to
IFX was significantly associated with higher rates
of consecutive immunogenicity to ADL (Figure
2(b); p=0.026). In contrast, switchers from ADL
to IFX did not demonstrate increased rates of con-
secutive immunogenicity (Figure 2(c); p=0.29).

Among the 120 patients who developed ADAs to
the first anti-TNFa, 44 (36.6%) initiated an
IMM with the second anti-TNFa. Combination
therapy of an IMM with the second agent was not
associated with reduction of consecutive immu-
nogenicity (Figure 3(a); p=0.31). Analysis of the
effect of IMM according to the chronology did
not yield significant differences (Figure 3(b) and
(c)). Survival analysis of time to second anti-
TNFa cessation according to the addition of
IMM demonstrated a significant beneficial effect
of combination therapy on second anti-TNFa
retention in the entire cohort (Figure 4(a);
p»=0.007) and also when stratifying the cohort
according to the chronology (Figure 4(b) and (c);
IFX to ADL, p=0.045; ADL to IFX, p=0.05).

Variables associated with consecutive
immunogenicity

Associated risk factors for consecutive immuno-
genicity by univariate analysis is presented in
Supplementary Table 2; the chronology of treat-
ment (p=0.008; IFX to ADL>ADL to IFX), sex
(p=0.028; females>males), and age at second
anti-TNFa (p=0.005; older > younger) were asso-
ciated with increased immunogenicity to the sec-
ond anti-TNFo. In contrast, type of diagnosis,
time to first anti-TNFa, and duration of first anti-
TNFa therapy were not associated with immuno-
genicity to the second anti-TNFa.
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Table 1. Patients’ characteristics (N=164).

Disease type, CD, n (%) 145 (88.4)

Male, n (%) 85(51.8)
Age at diagnosis (median, IQR] 19.8years (14.2-30.6)

Time from diagnosis to onset of 1st anti-TNFa therapy (median, |QR) 18 months (4-88)

Duration of 1st anti-TNFa therapy (median, 1QR) 10months (5-19)

Time from diagnosis to onset of 2nd anti-TNFa therapy (median, 1QR) 49 months (16-118)

15 months (7-34.8)
108 (65.9)

Duration of 2nd anti-TNFa therapy (median, IQR)
Chronology of treatment, IFX 1st therapy, n (%)

anti-TNFa, anti-tumor necrosis factor alpha; CD, Crohn’s disease; IFX, infliximab; IQR, interquartile range.

Table 2. Reasons for discontinuation of the first anti-TNFa. thresholds to ADA titers did not yield any signifi-

cant association (data not shown).

1st anti-TNFa

IFX,n=108 ADL, n=56

] Discussion
Primary non-response, n (%) 100.9) 10(17.8) In this retrospective cohort, we have shown that
Immunogenic secondary failure, n (%) 93 (86.1) 27 (48.2) immunogenicity to IFX was significantly associ-
ated with higher rates of consecutive immuno-
Non-immunogenic secondary failure, n (%) 10 (9.2) 16 (28.6) genicity to ADL (p=0.026), unlike patients
ey p—— 8 10 switching frqm ADL to IFX. We have also shown
that concomitant IMM given with the subsequent
Drug levels 5-10mcg/ml 1 1 anti-TNFa was associated with longer drug
retention (p=0.007), but it did not reduce the
Drug levels >10mcg/ml 1 5 rate of consecutive immunogenicity. Finally, we
Adverse events, n (%) 41(3.7) 3(5.3) were able to show that older age at the start of the

second anti-TNFa was significantly associated

ADL, adalimumab; anti-TNFa, anti-tumor necrosis factor alpha; IFX, infliximab. with increased consecutive immunogenicity.

After adjustment to sex and chronology of treat-
ment, multivariate analysis demonstrated that
only age at second anti-TNFo remained signifi-
cant (p=0.009). Stratification to three groups
according to age at second anti-ITNFoa (0-17,
17-40, >40) demonstrated a clear separation
between age groups with significant increased
immunogenicity in patients older than 40 (Figure 5;
p»=0.04). In contrast, age at onset of the first anti-
TNFa agent was not associated with ADA devel-
opment against this agent (p=0.14).

Finally, no significant association was seen between
the titer of ADAs in patients who developed ADAs
to the first anti-TNFo and immunogenicity to the
second anti-TNFa (p=0.61). Similarly, stratifica-
tion according to the chronology and different

Our findings of a clear association between immu-
nogenicity to IFX as a first-line anti-TNFa ther-
apy and  higher rates of consecutive
immunogenicity to ADL have been previously
shown by others;!7-18 Frederickson and colleagues
showed that patients with previous IFX-ADA
were significantly more prone to develop ADL-
ADA (33%) than those without (0%) (odds ratio
estimated=11, p=0.04).17 This susceptibility to
develop ADA might be attributed to a genetic
trait, as was recently shown in the PANTS
(Personalizing Anti-TNF Therapy in Crohn’s
Disease) trial.!* Nonetheless, in our cohort,
switching from ADL to IFX was not associated
with higher rates of consecutive immunogenicity.
Possible explanations might include higher
thresholds to develop ADA to ADL compared
with ADA to IFX and of course a small cohort.
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164 patients with IBD who switched ATNFa agents
and had PK data between 2014-2020

108 pts switched
from IFX to ADL

56 pts switched
from ADL to IFX

15 pts b/c 93 pts b/c 27 ptsb/c 29 pts b/c
other reasons immunogenic failure immunogenic failure other reasons
(9 with IMM) (25 with IMM) (1 with IMM) (3 with IMM)

|

s

s W !

No pts with ADAs to 61 pts no ADAs to 32 pts with 10 pts no ADAs to 17 pts with 17 pts no 12 pts with
2" ATNFa 2" ATNFa ADAs to 2™ ATNFa 2" ATNFa ADAs to 2" ATNFa ADAs to 2" ATNFa ADAs to 2™ ATNFa
(3 with IMM) (22 with IMM) (10 with IMM) (4 with IMM) (8 with IMM) (5 with IMM) (3 with IMM)
7 pts 25 pts d/c for 25 pts d/c for 4 pts d/c for 13 pts d/c for 10 pts d/c for 7 pts d/c for
d/c treatment other reasons immunogenic failure other reasons immunogenic failure other reasons immunogenic failure

Figure 1. Patients’ disposition.

Indeed, the PANTS trial reported lower of immu-
nogenicity to ADL wversus IFX.13

In our study, combination therapy with an IMM
was not found to be associated with reduced rate
of consecutive immunogenicity. On one hand,
this might be in line with the findings in the
PANTS trial who demonstrated that carriage of
1 or more HLA-DQAI1*05 alleles confer an
almost twofold risk of immunogenicity to anti-
TNFo therapy irrespective of concomitant
immunomodulatory use.'* On the other hand,
this is in contrast to the findings reported by
Roblin ez al.?! who showed that combination
therapy with IMM (azathioprine at 2-2.5 mg/kg)
was significantly associated with reduced PK fail-
ure after an anti-TNF switch.

Most studies have shown the value of the addition
of an IMM in reducing the risk of immunogenicity
with IFX and improving efficacy.?8:13:22:23
However, data on combination of IMMs and
ADL are more conflicting, on one hand question-
ing the impact on efficacy!? while on the other
hand demonstrating mitigation of immunogenic-
ity.13 In addition, previous studies have demon-
strated that the addition of IMM, when antibodies
against anti-TNFa occurred, was able to suppress
their presence in some patients.2%25 However,
these studies did not assess whether the addition

of an IMM at the time of the switch to another
anti-TNFoa in patients in whom antibodies to a
first anti-TNFa occurred would be useful in
decreasing immunogenicity. Differences in out-
come could be attributed to several factors, includ-
ing the methodology of antibody measurement
after switching and methodology of assay used for
ADAs and IMM dosing. It may be also possible
that the number needed to treat for establishing
the benefit of combination therapy for preventing
ADA formation is high (especially for ADL) and
that our study was not powered to demonstrate
such difference.

Importantly, while concomitant IMM was not
associated with reduced rate of antibody devel-
opment in our study, longer survival of drug
therapy was seen in patients on combination
therapy. This prolonged survival was previously
reported in several cohorts?3:26 and could be
associated with higher drug trough levels, with a
synergistic anti-inflammatory effect of the two
drugs or due to the duration of follow up — that
was insufficient to demonstrate the clinical effect
of immunogenicity (a lag between onset of clini-
cal LOR and the appearance of ADA).

We also found that older age is associated with
a higher risk for consecutive immunogenicity.
The impact of age on ADA development is
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Figure 2. Kaplan-Meier analysis of consecutive immunogenicity according to ADA development to the first
anti-TNFa: (a) analysis of the entire cohort, (b) patients who switched from infliximab to adalimumab, and (c)
patients who switched from adalimumab to infliximab.
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Figure 3. Kaplan-Meier analysis of consecutive immunogenicity in patients who developed ADAs to the first
anti-TNFa according to immunomodulatory use with the second anti-TNFa.: (a) analysis of the entire cohort,
(b) patients who switched from infliximab to adalimumab, and (c) patients who switched from adalimumab to

infliximab.
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Figure 5. Kaplan-Meier analysis of the association of age at second anti-TNFa initiation and consecutive

immunogenicity.

sparsely reported. It may be assumed that differ-
ences in immune system activity during aging
could result in decreased immune response as
was demonstrated in patients with IBD
receiving hepatitis B vaccination, for example.??
Nevertheless, lower prevalence of ADAs to IFX
was reposted for pediatric patients with IBD
than for adults,?82% but later studies of pediatric
populations and older populations failed to
show that age plays a significant role in immu-
nogenicity.3%3! Larger population-based studies
are required to consolidate the impact of age on
immunogenicity of biologic agents in patients
with IBD.

Limitations to our study include its retrospective
nature with its inherent risk of bias and a rela-
tively small group of patients. There were no
scheduled repeated PK studies, and patients were
sampled based on discretion of the treating physi-
cian. Only a small absolute number of patients
were treated with IMM. We also did not have
data regarding specific disease phenotype and
location for most patients.

Conclusion
We have found an increased risk for the devel-
opment of ADA to ADL following an

immunogenic failure of therapy with IFX.
Patients receiving IMM therapy following an
the switch to a subsequent anti-TNFa had sig-
nificantly longer drug persistence.

Hence, we recommend that patients who were
failed by the first anti-TNNFa therapy due to anti-
bodies should receive IMM therapy when switch-
ingto a subsequent anti-TNFa and that therapeutic
drug monitoring is used for early detection of con-
secutive immunogenicity.

Acknowledgements
The statistical analysis was performed by Dr
Tomer Ziv (PhD), statistician, Tel Aviv

University, Tel Aviv, Israel. The analyses of inf-
liximab and adalimumab pharmacokinetics in
Sheba Medical Center were performed by Miri
Yavzori and Dr Orit Picard at the Sheba
Gastroenterology Laboratory, Ramat Gan, Israel.

Author contributions

Henit Yanai: Conceptualization; Formal analy-
sis; Investigation; Methodology; Writing — origi-
nal draft; Writing — review & editing.

Bella Ungar: Resources; Writing — review &
editing.

Uri Kopylov: Resources; Writing — review &
editing.

journals.sagepub.com/home/tag



Therapeutic Advances in Gastroenterology 15

Tali Sharar Fischler: Visualization; Writing —
review & editing.

Irit Avni Biron: Resources; Writing — review &
editing.

Jacob E. Ollech: Writing — review & editing.
Idan Goren: Resources; Writing — review &
editing.

Manar Matar: Resources; Writing — review &
editing.

Tsachi Tsadok Perets: Resources; Writing —
review & editing.

Raanan Shamir Resources; Writing — review &
editing.

Iris Dotan: Resources; Writing — review &
editing.

Shira Amir: Data curation; Project administra-
tion; Supervision; Validation; Writing — review &
editing.

Amit Assa: Conceptualization; Formal analysis;
Investigation; Methodology; Writing — original
draft; Writing — review & editing.

Conflict of interest statement

The authors declared the following potential con-
flicts of interest with respect to the research,
authorship, and/or publication of this article:
H.Y.: Consultation and lectures fees from Abbvie,
Janssen, Neopharm Ltd., Pfizer, and Takeda, and
research grants from Pfizer. R.S.: Research grants
from Abbvie. A.A.: Consultation and lectures
fees from Abbvie and Takeda, and research grants
from Abbvie and Janssen. M.M. and S.A. have no
financial conflicts of interest to declare. B.U.:
Consultation and lectures fees from Abbvie,
Takeda, Janssen, and Neopharm Ltd. U.K.:
Consulting fees from Abbvie, Jannsen, Takeda,
MSD, Pfizer, and Medtronic; honoraria for lec-
tures from Abbvie, Jannsen, Takeda, MSD,
Pfizer, and Medtronic; leadership or fiduciary
role from Takeda; and research grants from
Takeda, Jannsen, and Medtronic. I.G.: Research
grants from Pfizer, and travel grants from ECCO
and IOIBD. I.D.: Institutional research grants
from Altman and Pfizer; consulting fees from
Arena, Gilead, Cambridge Healthcare, Wild bio,
Food industries organization, and Integra
Holdings; honoraria for lectures from Janssen,
Abbvie, Takeda, Pfizer, Genentech/Roche,
Arena, Neopharm Ltd., Celltrion, Rafa
Laboratories, Ferring, Falk Pharma, Nestle,
Celgene/BMS, and Abbott; and participation on
a Data Safety Monitoring Board or Advisory
Board from spare consortium Janssen, Abbvie,
Takeda, Pfizer, Genentech/Roche, Arena,

Neopharm Ltd., Gilead, Galapagos, Celltrion,
Sublimity, Wild bio, Athos therapeutics, Food
industries organization, Celgene/BMS, and
Abbott. TSF, IAB, JEO and TTP report no con-
flicts of interest

Funding

The authors received no financial support for the
research, authorship, and/or publication of this
article.

ORCID iDs
Henit Yanai https://orcid.org/0000-0001-
5483-5271
Uri Kopylov https://orcid.org/0000-0002-
7156-0588

Supplemental material
Supplemental material for this article is available
online.

References
1. Hazlewood GS, Rezaie A, Borman
M, et al. Comparative effectiveness of
immunosuppressants and biologics for inducing
and maintaining remission in Crohn’s disease:
a network meta-analysis. Gastroenterology 2015;
148: 344-354.e345.

2. Stidham R, Lee T, Higgins P, ez al. Systematic
review with network meta-analysis: the efficacy
of anti-TNF agents for the treatment of Crohn’s
disease. Aliment Pharmacol Ther 20145 39:
1349-1362.

3. Assa A, Hartman C, Weiss B, er al. Long-
term outcome of tumor necrosis factor alpha
antagonist’s treatment in pediatric Crohn’s
disease. ¥ Crohns Colitis 20135 7: 369-376.

4. Faubion WA, Dubinsky M, Ruemmele FM, ez al.
Long-term efficacy and safety of adalimumab in
pediatric patients with Crohn’s disease. Inflamm
Bowel Dis 2017; 23: 453-460.

5. Mazor Y, Almog R, Kopylov U, er al.
Adalimumab drug and antibody levels as
predictors of clinical and laboratory response in
patients with Crohn’s disease. Aliment Pharmacol
Ther 2014; 40: 620-628.

6. Tighe D and McNamara D. Clinical impact
of immunomonitoring in the treatment of
inflammatory bowel disease. World ¥ Gastroenterol
2017; 23: 414-425.

7. Colombel J-F, Adedokun O], Gasink C, ez al.
Combination therapy with infliximab and

journals.sagepub.com/home/tag



H Yanai, B Ungar et al.

azathioprine improves infliximab pharmacokinetic
features and efficacy: a post hoc analysis. Clin
Gastroenterol Hepatol 2019; 17: 1525-1532.e1521.

8. Colombel JF, Sandborn WJ, Reinisch W, ez al.
Infliximab, azathioprine, or combination therapy
for Crohn’s disease. N Engl ¥ Med 2010; 362:
1383-1395.

9. Kansen HM, van Rheenen PF Houwen RH]J,
et al. Less anti-infliximab antibody formation
in paediatric Crohn patients on concomitant
immunomodulators. ¥ Pediatr Gastroenterol Nutr
2017; 65: 425-429.

10. Hyams JS, Dubinsky M, Rosh ], ez al. The
effects of concomitant immunomodulators on
the pharmacokinetics, efficacy and safety of
adalimumab in paediatric patients with Crohn’s
disease: a post hoc analysis. Aliment Pharmacol
Ther 2019; 49: 155-164.

11. Matar M, Shamir R, Turner D, et al.
Combination therapy of adalimumab with an
immunomodulator is not more effective than
adalimumab monotherapy in children with
Crohn’s disease: a post hoc analysis of the
PAILOT randomized controlled trial. Inflamm
Bowel Dis 2020; 26: 1627-1635.

12. Matsumoto T, Motoya S, Watanabe K, ez al.
Adalimumab monotherapy and a combination
with azathioprine for Crohn’s disease: a
prospective, randomized trial. ¥ Crohns Colitis
2016; 10: 1259-1266.

13. Kennedy NA, Heap GA, Green HD, er al.
Predictors of anti-TNF treatment failure in anti-
TNF-naive patients with active luminal Crohn’s
disease: a prospective, multicentre, cohort study.
Lancer Gastroenterol Hepatol 2019; 4: 341-353.

14. Sazonovs A, Kennedy NA, Moutsianas L,
et al. HLA-DQA1* 05 carriage associated with
development of anti-drug antibodies to infliximab
and adalimumab in patients with Crohn’s disease.
Gastroenterology 2020; 158: 189-199.

15. Gisbert J, Marin AC, McNicholl AG, ez al.
Systematic review with meta-analysis: the
efficacy of a second anti-TNF in patients with
inflammatory bowel disease whose previous anti-
TNF treatment has failed. Aliment Pharmacol Ther
20155 41: 613-623.

16. Yanai H, Lichtenstein L, Assa A, ez al. Levels of
drug and antidrug antibodies are associated with
outcome of interventions after loss of response
to infliximab or adalimumab. Cln Gastroenterol
Hepatol 20155 13: 522-530.e522.

17. Frederiksen MT, Ainsworth MA, Brynskov J,
et al. Antibodies against infliximab are associated

18.

19.

20.

21.

22.

23.

24.

25.

26.

217.

with de novo development of antibodies to
adalimumab and therapeutic failure in infliximab-
to-adalimumab switchers with IBD. Inflamm
Bowel Dis 20143 20: 1714-1721.

Roblin X, Vérot C, Paul S, er al. Is the
pharmacokinetic profile of a first anti-

TNF predictive of the clinical outcome and
pharmacokinetics of a second anti-TNFE? Inflamm
Bowel Dis 2018; 24: 2078-2085.

Ben-Horin S, Yavzori M, Katz L, et al. The
immunogenic part of infliximab is the F(ab')2,
but measuring antibodies to the intact infliximab
molecule is more clinically useful. Guz 2011; 60:
41-48.

Kopylov U, Mazor Y, Yavzori M, et al. Clinical
utility of antthuman lambda chain-based enzyme-
linked immunosorbent assay (ELISA) versus
double antigen ELISA for the detection of anti-
infliximab antibodies. Inflamm Bowel Dis 2012;
18: 1628-1633.

Roblin X, Williet N, Boschetti G, ez al.
Addition of azathioprine to the switch of anti-
TNF in patients with IBD in clinical relapse
with undetectable anti-TNF trough levels and
antidrug antibodies: a prospective randomised
trial. Gur 2020; 69: 1206-1212.

Panaccione R, Ghosh S, Middleton S, ez al.
Combination therapy with infliximab and
azathioprine is superior to monotherapy with
either agent in ulcerative colitis. Gastroenterology
2014; 146: 392-400.e393.

Ungar B, Chowers Y, Yavzori M, et al. The
temporal evolution of antidrug antibodies in
patients with inflammatory bowel disease treated
with infliximab. Gur 2014; 63: 1258-1264.

Ungar B, Kopylov U, Engel T, ez al. Addition

of an immunomodulator can reverse antibody
formation and loss of response in patients treated
with adalimumab. Aliment Pharmacol Ther 2017;
45: 276-282.

Ben-Horin S, Waterman M, Kopylov U, er al.
Addition of an immunomodulator to infliximab
therapy eliminates antidrug antibodies in serum
and restores clinical response of patients with
inflammatory bowel disease. Clin Gastroenterol
Hepatol 2013; 11: 444-447.

Grossi V, Lerer T, Griffiths A, et al. Concomitant
use of immunomodulators affects the durability
of infliximab therapy in children with Crohn’s
disease. Clin Gastroenterol Hepatol 2015; 13:
1748-1756.

Cekic C, Aslan F, Kirci A, et al. Evaluation of
factors associated with response to hepatitis B

journals.sagepub.com/home/tag



Therapeutic Advances in Gastroenterology 15

Visit SAGE journals online
journals.sagepub.com/
home/tag

®SAGE journals

28.

20.

vaccination in patients with inflammatory bowel
disease. Medicine (Baltimore) 2015; 94: €940.

Miele E, Markowitz JE and Mamula P. Human
antichimeric antibody in children and young
adults with inflammatory bowel disease receiving
infliximab. ¥ Pediatr Gastroenterol Nutr 2004; 38:
502-508.

Fasanmade AA, Adedokun O], Blank M, ez al.
Pharmacokinetic properties of infliximab in
children and adults with Crohn’s disease: a

30.

31.

retrospective analysis of data from 2 phase III
clinical trials. Clin Ther 2011; 33: 946-964.

Hamalainen A, Sipponen T and Kolho KL.
Serum infliximab concentrations in pediatric
inflammatory bowel disease. Scand F Gastroenterol
2013; 48: 35-41.

Ungar B, Haj-Natour O, Kopylov U, er al.
Ashkenazi Jewish origin protects against
formation of antibodies to infliximab and therapy
failure. Medicine (Baltimore) 2015; 94: e¢673.

journals.sagepub.com/home/tag



