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Abstract

Infliximab is commonly used in inflammatory bowel disease (IBD), however, differ-
ences in clinical response among patients are common. Several studies have consid-
ered the possibility that these differences are caused by genetic variability even if no
unique marker has been yet identified in pediatric patients. We evaluated the impact
of two candidate single-nucleotide polymorphisms (SNPs) rs396991 in FCGR3A and
rs1800629 in TNFa genes on infliximab response in an Italian cohort of 76 pediatric
patients with IBD. Results showed that patients with the variant FCGR3A allele had
a reduced clinical response at the end of induction (p value = 0.004), at 22 weeks (p
value = 0.001), and at 52 weeks of treatment (p value = 0.01). A significant asso-
ciation between the FCGR3A variant and median infliximab levels measured during
maintenance therapy was also observed: patients with wild type genotype had higher
infliximab levels compared to patient with variant allele. Furthermore, patients with
the variant allele had a higher probability to produce antidrug antibodies (ADAs). No
association was found among the TNFa SNP, clinical response, and infliximab levels.
This study addressed for the first time in pediatric patients with IBD, the association
of FCGR3A SNP, infliximab response, and ADA production.

Study Highlights

WHAT IS THE CURRENT KNOWLEDGE ON THE TOPIC?

The role of pharmacogenetic factors to predict therapeutic effects in inflammatory
bowel disease (IBD) has been largely demonstrated. Anti-TNFa drugs and ADA con-
centrations are strongly associated with disease remission, however, differences in
response are frequent and often unpredictable. The identification of pharmacogenetic
markers may lead to the identification of strategies to reduce treatment failure or loss
of response, especially in pediatric patients where the data are lacking.

WHAT QUESTION DID THIS STUDY ADDRESS?

This study addresses for the first time in pediatric patients with IBD, an association of
FCGR3A SNP, infliximab response, and ADAs.
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agents.

INTRODUCTION

Crohn’s disease (CD) and ulcerative colitis (UC), the two
major subtypes of inflammatory bowel disease (IBD), are
chronic and currently incurable diseases that in 20%-30% of
cases occur under the age of 20 years.1 Chronic gastrointes-
tinal inflammation results in significant morbidity, impaired
quality of life, and raised health care utilization and costs.”
Pharmacological therapy of IBD, and in particular the use of
antibodies against tumor necrosis factor alpha (TNFa), such
as infliximab, has improved outcomes. Indeed, these drugs
have been shown to induce and maintain disease remission,
improving patients’ quality of life and reducing the need for
surgery.’ Several studies have demonstrated the efficacy
of these drugs in pediatric patients with IBD *°; however,
a significant interindividual variability occurs: 10%-20% of
patients lose response during the induction phase (primary
failure) and up to 45% have a secondary loss of response.7’8
In addition, in some patients, antidrug antibodies (ADAs)
are produced with potential risk of immunogenicity and
loss of response. Therefore, anti-TNFa therapies need op-
timization through the implementation of therapeutic drug
monitoring.g’10 Increasing evidences suggest that these dif-
ferences are influenced by genetic variability and several
studies considering therapeutic response and drug efficacy
have been performed, evaluating single nucleotide polymor-
phisms (SNPs) in genes involved in immune processes and
inflammation.'"*'?

The Fcy receptor type IITA (FCGR3A) belongs to a group
of surface glycoproteins able to bind monomeric and aggre-
gated immunoglobulin (Ig)G and involved in the removal of
antigen-antibody complexes from the circulation. Infliximab
may be removed by opsonization via reticuloendothelial sys-
tem (RES) following binding of the Fc part of the antibody to
FCGR expressed on the RES. The low clearance is due to the
low binding affinity of FCGR3A receptor, which maintains
the drug into the circulation.'*!'* This receptor is expressed
on macrophages, natural killer (NK) cells, and mono-
cytes, and mediates antibody-dependent responses, such
as antibody-dependent cellular cytotoxicity (ADCC) and

ASCPT

WHAT DOES THIS STUDY ADD TO OUR KNOWLEDGE?

Although data on the importance of some genetic variants in the response to anti-
TNFa drugs in adult patients with IBD are numerous, in the pediatric population they
are substantially lacking. This study supports the utility of genotyping FCGR3A gene
to predict infliximab response even in this pediatric population.

HOW MIGHT THIS CHANGE CLINICAL PHARMACOLOGY OR
TRANSLATIONAL SCIENCE?

Future pretreatment genetic testing in genes involved in ADA production, such as
FCGR3A, could be evaluated in pediatric patients with IBD treated with anti-TNFa

phagocytosis.13’15 The SNP rs396991 is a nonsynonymous
polymorphism in the FCGR3A gene (559A>C, FI58V).
1396991 A encodes for a protein with phenylalanine in po-
sition 158 and is identified as F allele, that binds with low
affinity IgG1 and [gG3, whereas the rs396991 C encodes the
variant valine (V) that has a high-binding affinity for IgG1
and IgGS.”’ Ternant and colleagues were the first to evaluate
the influence of FCGR3A SNP on the pharmacokinetics of
infliximab in patients with CD, suggesting a possible role of
this SNP in drug response.17

The multifunctional proinflammatory cytokine TNFa has
been proposed as a central player in inflammatory cell ac-
tivation and recruitment and is suggested to play a critical
role in the development of IBD.'*1° Many variants in the
untranslated region of the human 7NFa gene have been de-
scribed in adult patients affected by IBD and seem to alter
the transcriptional process, increasing TNFa production.zo’21
In this context, the genetic variant rs1800629 (—308 G>A)
has previously been extensively studied and has been asso-
ciated with susceptibility to a range of autoimmune disor-
ders, among which IBD, and with the response to anti-TNFa
agents in adult patients.22"24 Although the association be-
tween FCGR3A SNP and anti-TNFa response in adult pa-
tients with IBD has been evaluated,lz’zs’27 no unique marker
has been yet identified in pediatric patients.

Therefore, in the present study, our research focused on
the impact of FCGR3A 15396991 (559 A>C) and TNFa
rs1800629 (—308 G>A) SNPs on infliximab response, and
the association between these genetic variants and infliximab
concentrations and ADA production in pediatric patients
with IBD.

METHODS
Study population and clinical response
Seventy-six pediatric patients with IBD were enrolled at

the Gastroenterology department of the Pediatric Clinic of
IRCCS Burlo Garofolo in Trieste and the Pediatric Unit of
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Ca’ Foncello Hospital in Treviso. The inclusion criteria were
age between 7 and 18 years, previous diagnosis of IBD, and
treatment with infliximab. Infliximab was started as first-line
therapy or in case of treatment failure or intolerance to first-
line therapies. The therapeutic protocol included an induction
phase with intravenous administration of infliximab 5 mg/kg at
weeks 0, 2, 6, and then every 8 weeks during the maintenance
phase. Concomitant treatment with glucocorticoids, azathio-
prine, or methotrexate was permitted. In most cases, inflixi-
mab and immunosuppressants were started concomitantly.
Only in very few cases, immunosuppressants were added after
the development of ADAs or low infliximab levels. The ex-
clusion criteria were patients with an ileostomy or colostomy,
disease needing surgery, or contemporary presence of other
noncontrolled pathologies. Serum samples for infliximab
and ADA measurements by enzyme-linked immunosorbent
assays (ELISA), were taken at the appropriate clinical visit
both during the induction and maintenance phases. The con-
centration of infliximab was measured at trough, before the
next scheduled administration. The correlation between inf-
liximab level and the different genotypes was assessed during
the maintenance phase (16-52 weeks) in a subcohort of 27
pediatric patients with IBD for which both the genotyping and
infliximab concentration were available. ADAs were meas-
ured when infliximab plasma levels were less than or equal to
1.5 pg/ml. Patients with ADA levels higher than 10 units per
milliliter (AU/ml) were considered positive.

For each patient, clinical efficacy was assessed, using
Pediatric Crohn’s Disease Activity Index (PCDAI) and
Pediatric Ulcerative Colitis Activity Index (PUCAI) for pa-
tients with CD and UC, respectively, at the end of induction
and during maintenance phase (at 22 and 52 weeks). Disease
was considered in remission if indexes were less than or
equal to 10.

Ethical consideration

Local ethical committee approval for the study (protocol
CEUR-2018-0S-113-BURLO, number 0035325/P/GEN/
EGAS) was provided and appropriate informed consent was
obtained from patients and/or their parents or guardians.

DNA extraction and pharmacogenetic analysis

Total gDNA was isolated from patients’ peripheral blood
using a commercial kit (Sigma-Aldrich) according to the
manufacturer’s protocol. The DNA concentration and pu-
rity were calculated by NanoDrop instrument (NanoDrop
2000, EuroClone). TagMan SNP genotyping assays (Applied
Biosystems), polymerase chain reaction (PCR)-restriction
fragment length polymorphism (RFLP) and/or droplet

digital-PCR (ddPCR) were used to characterize the SNPs of
interest (FCGR3A rs396991 and TNFa rs1800629).

PCR SNP analysis and validation

The FCGR3A 15396991 was genotyped with TagMan
Designed SNP Genotyping Assays (C__25815666_10;
Thermo Fisher) using the CFX96 real-time system-C1000
Thermal Cycler (Bio-Rad Laboratories). The thermal cycling
conditions for TagMan assays were as follows: 5 min at 95°C
followed by 50 cycles at 95°C for 15 s and 60°C for 60 s.
Through the software unit (Sequence Detection System) the
three different populations’ genotypes (wt, het, and var) were
discriminated.

The analysis of the TNFa rs1800629 promoter polymor-
phisms was determined by PCR-RFLP.**

Briefly, the TNFa rs1800629 PCR products obtained
by amplification of gDNA (forward and reverse primer
sequence: 5'-GAGCAAAGGTTTTGAGCCCAT-3" and
5’-GGGACACACAAGCATCAAG-3") were digested with
Ncol (New England Biolabs) and run on a 3.5% SYBR
Safe-stained agarose gel. To confirm the data obtained with
PCR-RFLP, the analysis of this polymorphism was deter-
mined also by ddPCR Bio-Rad’s QX200 system (Bio-Rad
Laboratory). PCR was performed in a Veriti PCR instrument
(Thermo Fisher) according to manufacturer's instructions.
After thermal cycling, plates were read in the QX200 Droplet
Reader. QuantaSoft software was used for analysis (Bio-Rad
Laboratory).

Statistical analysis

Statistical analyses were performed using the software R
(version 3.4.2). The association between clinical response
and ADA production was evaluated in a univariate analysis
by generalized linear models of the binomial family (logistic
regression), using clinical response or ADA production as
the dependent variable and the two candidate genetic vari-
ants, clinical (type of disease) demographic (age and gender),
characteristics of population, and concomitant treatment as
the independent variables; using the model that considered 0
versus 1 versus 2 alleles. The association between infliximab
concentrations and the two candidate genetic variants was as-
sessed by the nonparametric Kruskal-Wallis test. Multivariate
analysis was done by a logistic regression model, which was
built selecting dependent variables that had a significant as-
sociation in the univariate analysis with a p value threshold
of 0.05. The association of risk factors with time to produce
ADA was assessed by Kaplan-Meier survival curve a Cox
proportional hazards regression models. The standard signifi-
cance threshold of 0.05 was applied to p values.
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RESULTS
Clinical remission

Seventy-six children in treatment with infliximab were en-
rolled by the Gastroenterology Unit of IRCCS Burlo Garofolo
Hospital in Trieste and the Pediatric Unit of Ca’ Foncello
Hospital in Treviso. The demographic characteristics of the
population are summarized in Table 1.

Considering demographic and clinical variables, nei-
ther gender nor age nor IBD type were significantly as-
sociated with infliximab clinical response at the end of
induction (p = 0.18, p = 0.10, and p = 0.80, respectively),
at 22 weeks (p = 0.12, p = 0.96, and p = 0.47, respec-
tively) and with ADA production (p = 0.10, p = 0.17, and
p = 0.81, respectively) after univariate logistic regres-
sion analysis. Considering clinical response at 52 weeks,

TABLE 1 Demographic and clinical characteristics of the study

population
Patients (1) 76
Age in years (median, IQR) 14.7,12.3-16.3
Males (n, %) 39 (47.4)
CD (n, %) 50 (65.8)
UC (n, %) 26 (34.2)
Concomitant treatment (72) 39
Glucocorticoid (n, %) 5(12.8)
Azathioprine (n, %) 29 (74.4)
Azathioprine + glucocorticoid (n, %) 4(10.2)
Methotrexate (1, %) 1(2.6)
Primary failure (n, %) 24 (31.6)
Secondary failure:
At 22 weeks® (n, %) 31 (45.6)
At 52 weeks® (n, %) 30 (45.4)
ADA production (n, %) 13 (56.5)

Abbreviations: ADA, anti-drug antibodies; CD, Crohn’s disease; IQR,
interquartile range; n, number; UC, ulcerative colitis.

At 22 and 52 weeks of therapy, 8 and 10 patients were lost to follow-up,
respectively.

ASCPT

a significant association with gender was found, with
an increased therapy failure in girls compared to males
(p = 0.03), whereas no association was found with age and
IBD type (p = 0.40 and p = 0.21, respectively). Evaluating
the effect of concomitant treatment with immunosuppres-
sants on infliximab response, no association was found
with the response at the end of induction (p = 0.43), at
22 weeks (p = 0.82), at 52 weeks (p = 0.63), and with
ADA production (p = 0.40).

Association between FCGR3A and TNFa
candidate variants and clinical response

The genotype distribution of the FCGR3A and TNFa SNPs
in the study population is summarized in Table 2. Genotype
frequencies were in Hardy—Weinberg equilibrium (HWE;
p > 0.05).

A significant association between the FCGR3A SNP and
clinical response at the end of induction (p = 0.004, odds
ratio [OR] FF vs. VF genotype = 6.76, confidence inter-
val [CI] = 1.89-24.19; OR FF vs. VV genotype = 5.43,
CI = 1.22-24.07), at 22 weeks (p = 0.001, OR FF vs. VF
genotype = 8.89, CI = 2.52-31.41; OR FF vs. VV geno-
type = 4.39, CI = 1.05-18.35), and at 52 weeks (p = 0.01,
OR FF vs. VF genotype = 6.58, CI = 1.91-23.17; OR FF
vs. VV genotype = 2.5, CI = 0.61-10.11) was observed
(Figure 1 and Supplementary Table S1). No significant as-
sociation was found between the TNFa SNP and clinical
response at the end of induction (p = 0.84, OR GG vs. AG
genotype = 1.13, CI = 0.34-3.81; OR GG vs. AA geno-
type = 2.27, CI = 0.13-38.50), at 22 weeks (p = 0.72, OR
GG vs. AG genotype = 1.75, CI = 0.44-6.89; OR GG vs.
AA genotype = 1.16, CI = 0.07-19.67), and at 52 weeks
(» = 0.68, OR GG vs. AG genotype = 1.94, CI = 0.42—
8.99; OR GG vs. AA genotype = 1.19, CI = 0.07-19.69;
Figure 2). No association was found between the use of con-
comitant immunosuppressants treatment and the different
genotypes (p > 0.05) and the same result was also obtained
considering the demographical variables (age and gender)
and disease type.

TABLE 2 FCGR3A and TNFa SNPs and genotype distribution of pediatric patients with IBD

Position
Gene SNP (Assembly hg38)
FCGR3A rs396991 chrl:161544752;
559 A>G (V158F)
TNFa rs1800629 chr6:31575254;

-308 G>A

IBD pediatric patients (N = 76)

Wt (%) Het (%) Var (%) HWE
33(43.4) 29 (38.2) 14 (18.4) 0.1
59 (77.6) 15 (19.8) 2 (2.6) 0.3
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FIGURE 1 Association between FCGR3A SNP rs396991 and clinical response to infliximab in 76 pediatric patients with inflammatory bowel
disease at the end of induction (14 weeks of therapy) or during maintenance (at 22 and 52 weeks of therapy). Logistic regression was used for
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FIGURE 2 Lack of association between TNFa SNP 1s1800629 and clinical response to infliximab in 76 pediatric patients with inflammatory
bowel disease at the end of induction (14 weeks of therapy) or during maintenance (at 22 and 52 weeks of therapy). Logistic regression was used

for statistical analysis

Association between serum infliximab
concentrations, ADA production and
FCGR3A and TNFa candidate variants

The association between infliximab pharmacokinetics and
FCGR3A and TNFa polymorphisms was evaluated in a
subgroup of patients (n = 27), based on the availability of
patient’s sera for infliximab quantification. The data show

a significant association between the FCGR3A variant and
median infliximab levels measured during maintenance
phase: patients with the FF genotype had higher inflixi-
mab levels compared to patients with the variant allele V
(5.40 pg/ml, interquartile range [IQR]: 5.40; vs. 1.31 pg/ml,
IQR: 1.28; vs. 4.20 pg/ml, IQR: 0.21; for FF, VF and VV re-
spectively; p = 0.02). No significant association was found
between serum infliximab concentration and the 7TNFa
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variant (3.45 pg/ml, IQR: 2.50; vs. 4.60 pg/ml, IQR: 3.42;
vs. 2.85 pg/ml, IQR: 0; for GG, AG, and AA, respectively;
p = 0.84; Figure 3).

A significant association was found between FCGR3A
SNP and ADA production (p = 0.01). In particular, patients
with the variant allele V had a higher probability to produce
ADA (OR FF vs. VF genotype = 11.90, CI = 1.85-76.53;
OR FF vs. VV genotype = 5.10, CI = 0.65-39.54). No asso-
ciation was found between TNFa SNP and ADA production

ASCPT

(p = 0.63, OR GG vs. AG genotype = 1.40, CI = 0.27-
7.15; OR GG vs. AA genotype = 0.75, CI = 0.03-20.26;
Figure 4).

The analysis of proportional risk over the 52-week fol-
low-up reveals that patients carrying the FCGR3A variant V
allele had a significantly increased risk of ADA production
compared to homozygous wild-type patients (hazard ratio
= 7.3, CI = 1.59-33.6, p = 0.01; Figure 5). No significant
difference in proportional risk of ADA production could be

FIGURE 3 Boxplot comparing p-value =0.02 p-value =0.84
serum infliximab (IFX) concentration and ) : e
candidate variants. The bold horizontal ji % N
line represents the median value. Statistical g g
significance was assessed by Kruskal Wallis g R g R
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observed according to the TNFa genotype (Supplementary
Figure S1).

Multivariate analysis

Multivariate analysis was done by logistic regression, using
therapeutic response (at week 52) as the dependent variable
and all covariates (gender and FCGR3A SNP) significantly
associated in the univariate analysis. Multivariate analysis
confirmed that FCGR3A SNP was associated with clinical
response at 52 weeks of treatment with infliximab (adjusted
p = 0.01), but not gender (adjusted p = 0.08). Analysis
evaluating the association of clinical response with inflixi-
mab concentrations and FCGR3A genotypes as independ-
ent variables, was done also in the subcohort of 27 patients
that have both the genotyping and infliximab concentration
information available. These analyses support the effect
of the median infliximab concentration on drug response
(p < 0.05); however, we could not verify an effect of the
genotype (p > 0.05) likely because of the limited size of
this subgroup.

DISCUSSION

This study identified for the first time the role of FCGR3A
1$396991 polymorphism as useful genetic biomarker of in-
fliximab response in a retrospective cohort of pediatric pa-
tients with IBD. The functional polymorphism in FCGR3A
gene 15396991 (F158V) has been reported to influence
human IgG1 binding and ADCC activity.29 A significant as-
sociation between the FCGR3A SNP and loss of response at
the end of induction and during maintenance phase (at 22 and
52 weeks) was found in our pediatric cohort. Several reports
have investigated the association between FCGR3A SNP and
anti-TNFa response in adult patients with chronic inflamma-
tory disorders,'>*"*" even if results are not always univocal,
maybe because clinical response is influenced by several fac-
tors, such as concomitant treatments.*” To our knowledge, no
study has evaluated yet this association in pediatric patients
with IBD. Ternant and colleagues were the first to demon-
strate the influence of this SNP on the pharmacokinetics of
infliximab in patients with CD, suggesting that the higher
binding affinity of the FCGR to IgG in patients carrying the
V variant alleles could induce a higher infliximab elimination
rate assuming a possible increase in NK cells recruitment and
ADCC activity and resulting in a underexposure to inflixi-
mab and relapse.'” These considerations were supported by
Moroi and colleagues that demonstrated that NK cells iso-
lated from FCGR3A V patients had a higher infliximab bind-
ing affinity than those from FF subjects and a higher ADCC
activity in vitro that could influence biological responses to

infliximab in patients with cDp.® Considering the potential
mechanism by which the FCGR3A variant influences inf-
liximab response, in our study, in a subcohort of patients for
which infliximab concentration was also available, pediatric
patients with variant V allele showed lower levels of inflixi-
mab compared to FF patients. The FCGR3A genotypes may
have a pharmacodynamic effect in addition to a pharmacoki-
netic effect on infliximab clearance, however, further studies
on larger cohorts of pediatric patients are needed to shed light
on this potential effect.

The present trend for which the heterozygous group has
the lowest infliximab concentrations as compared to other
genotypes, seems not consistent with a mechanistic conclu-
sion according to which the variant increases the affinity of
the receptor for Fc fragment. We hypothesize that the effect
of the FCGR3A variant may be dominant, as supported by
our results on the association between clinical response, eval-
uated at the end of induction and at 22 weeks of therapy, and
the genotypes, and also by other published results."

The production of antibodies against anti-TNFo agents is
an important cause of loss of response in patients with IBD.?!
ADA production is associated with worse treatment response,
due to a lower bioavailability caused by higher anti-TNF«
clearance. Indeed, the generation of ADAs facilitates the op-
sonization and phagocytosis of anti-TNFa agents. Our results
show that pediatric patients with the variant allele V have a
higher probability to produce ADAs, in line with previous
studies in adult patients with IBD, treated with infliximab
and adalimumab.’® The proinflammatory TNFa cytokine
plays an important role in the pathogenesis of IBD and it is
possible that different levels of this cytokine may affect the
response to therapy. Many variants in the untranslated region
of the human TNFa gene have also been described and seem
to alter the transcriptional process, increasing TNFa produc-
tion.>' Several studies concerning the association of TNFa
rs1800629 polymorphism and response to anti-TNFo agents
in inflammatory disorders have been perforlned.m’zg’33 A
meta-analysis of nine studies concludes that rs1800629 A
allele carriers respond less to TNFa inhibitors when used in
the treatment of rheumatoid arthritis, probably due to higher
TNFa levels.** Similar results were demonstrated in adult pa-
tients with IBD,26’33’34 whereas no data are available for pedi-
atric patients. Contrary to what was demonstrated in adults,
our study could not find an association between TNFa SNP
and anti-TNFa response. A meta-analysis on the effect of the
TNFa SNP on infliximab response in adults underlined the
necessity of a cohort size of 200 patients with IBD to obtain
a significant association between the TNFa SNP and clinical
response.35 For this reason, the lack of effect of TNFa SNP
observed may be due to the limited statistical power of our
study. Further analysis will be performed in a larger cohort
of pediatric patients with IBD, to assess the possible role of
TNFa SNP in infliximab response. Similar considerations
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could be valid also for other covariates, such as concomitant
immunosuppressants.*®

In conclusion, although the present study has some limita-
tions regarding the small sample size and its retrospective na-
ture, this is the first time that new information about the role
of FCGR3A SNP 15396991 in pediatric patients with IBD are
provided: this SNP seems to affect infliximab response and
influence ADA’s production. Validation in a larger cohort is
required and, if these data are confirmed, future pretreatment
genetic testing in genes involved in ADA production, such as
FCGR3A, could be suggested in order to achieve a personal-
ized therapy in pediatric patients with IBD.
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