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A B S T R A C T

Introduction: Several factors, such as trough serum anti-TNF levels, have been associated with response to
therapy in Crohn’s disease. However, this association is observed after initiation of treatment. Identifying DNA
variants may prove useful for predicting long-term response or failure to these drugs before initiation of
treatment.
Objective: To identify genetic variants associated with long-term response to infliximab and trough levels in
Crohn’s disease.
Patients and methods: An observational, longitudinal study was conducted. We analyzed blood samples from 132
infliximab-treated patients diagnosed with Crohn’s disease from 2 hospitals. We genotyped 21 polymorphisms
previously related to anti-TNF response in genes involved in the NFkB-mediated inflammatory response, TNFα-
signaling and cytokines regulated by NFkB, using real-time PCR. Trough infliximab levels were measured using
ELISA. The association between SNPs and time-to-failure (defined as the time from the initiation of induction
therapy to the date of treatment withdrawal due to a primary or secondary failure) was analyzed using log-rank
test. The association between SNPs and supra-(> 7 μg/mL) or infratherapeutic (< 3 μg/mL) infliximab trough
levels was analyzed using a linear-by-linear association chi-squared test.
Results: Two SNPs in TLR2, rs1816702 and rs3804099, and 1 SNP in TNFRSF1B, rs1061624, were associated
with long-term response (up to ten years follow-up) to infliximab (HR, 0.13 [95%CI, 0.02–1.00], p < 0.05; HR,
0.39 [95%CI, 0.18–0.88], p < 0.05; and HR, 0.04 [95%CI, 0.18–0.92] p > 0.05, respectively). In addition, IL6
rs10499563 C and IL10 rs1800872 A were associated with supratherapeutic trough infliximab levels; IL10
rs3024505 T was associated with infratherapeutic levels (p < 0.05).
Conclusion: Genotyping of the variants identified in the genes encoding TLR2, TNFRSF1B, IL6 and IL10 reported
herein represent a promising tool for the identification and selection of those patients who will benefit most from
infliximab.

1. Introduction

Crohn’s disease (CD) is a chronic inflammatory autoimmune disease
of pathogenesis not fully understood that arises from the interaction
between environmental and genetic factors [1,2]. CD significantly im-
pacts patients’ lives and represents a substantial cost to health systems
[3]. Since CD is a chronic illness and although therapeutic options are
increasing, they remain limited due to a high failure rate. Therefore,

selecting treatment options able to provide responses in the long term is
of major importance. Biological therapy is used when im-
munomodulators and corticosteroids are not effective for inducing or
maintaining remission, with several monoclonal antibodies directed
against various targets being effective in inflammatory bowel disease
(IBD) [4].

Tumor necrosis factor-alpha (TNFα) is a key proinflammatory cy-
tokine involved in the immune pathogenesis of IBD [5]. Anti-TNFα
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drugs, such as infliximab (IFX) and adalimumab, were the first anti-
body-based therapy for IBD patients and are generally used as a first-
line biological option in CD. Anti-TNFα drugs have proven to be ef-
fective and safe, although approximately 13–40% of patients are pri-
mary non-responders and 23–46% will lose response over time (sec-
ondary non-responders) [6]. Currently, there are not reliable predictors
of clinical response before anti-TNF therapy is started; therefore, and
also taking into account the high cost and potentially severe side effects
of anti-TNF biological drugs, the identification of underlying factors
involved in the individual responses to them is mandatory.

Mucosal healing 3 months after starting therapy is the most useful
predictor of long-term response to anti-TNFα therapy [7]. However,
assessment is based mainly on colonoscopy, which is limited because of
its invasiveness, high cost and resource utilization. As a result, useful
but inconclusive non-invasive biomarkers such as serum C-reactive
protein and fecal calprotectin, both markers of inflammation, are used
to monitor response in the clinical setting [8,9]. The level of anti-TNF
just before the next administration, known as trough level, is increasing
its use as a non-invasive biomarker. In addition, anti-TNFs drugs are
antibodies against TNF that can provoke immunogenicity, a response of
the immune system, generating anti-drug antibodies (ADAs). These
ADAs bind to the anti-TNF drug reducing the free functional drug,
neutralizing the therapeutic effect and resulting in a loss of response
[10–13]. In fact, measuring trough serum levels of anti-TNFα drugs,
together with their corresponding neutralizing antibodies, in order to
prolong the time these drugs are effective, has been the focus of re-
search in recent years and its use in clinical practice has been nor-
malized [14,15]. A study with 955 active CD enrolled patients de-
monstrates that suboptimal week 14 anti-TNF concentration predicts
loss of response at week 54 and immunogenicity, and the development
of these ADAs predicts low drug concentrations due to their neu-
tralizing effect [16]. However, all of these studies are focused in mea-
sure response at times shorter than one year.

Aside from anti-TNFα drugs, several biologic agents with different
targets were subsequently approved to treat CD patients, including
ustekinumab, an interleukin blocker, and vedolizumab, a biological
anti-adhesion drug. It will soon be possible to choose the most appro-
priate first-line target for each patient to maintain effectiveness in the
long term [17]. Therefore, accurate identification of patients likely to
have a long-term response to anti-TNFα therapy may be extremely
useful in clinical practice.

Pharmacogenetic tests are easy, cheap, minimally invasive, blood-
based options that can be used instead of serum drug level monitoring
to help to predict response to drugs [18]. Nuclear factor kappa-light-
chain-enhancer of activated B cells (NFkB) plays a critical role in the
pathogenesis of CD and is positively correlated with the score of CD
activity [19]. Variations in genes related to the NFkB and TNFα path-
ways were recently associated with an early response to anti-TNFα
drugs in IBD [20–24]. These include genes involved in the NFkB-
mediated inflammatory response, TNFα-signaling and cytokines regu-
lated by NFkB. However, none of these have yet been investigated with
the aim of identifying patients who will respond to anti-TNFα drugs in

the long term. Moreover, most pharmacogenetic studies provided in-
conclusive results and need to be validated in multiple cohorts. Given
that trough serum anti-TNFα levels are directly associated with the
response to this therapy, searching for genetic polymorphisms related
to trough IFX levels might identify potential biomarkers to predict the
response to IFX and thus enable us to identify the best candidates for
this therapy or select patients who would benefit the most from alter-
native drugs acting against different targets. To our knowledge, no
study has assessed whether these polymorphisms affect trough serum
IFX levels.

The aims of this study were, on the one hand, to identify poly-
morphisms able to predict a long-term response to IFX in patients with
CD, on the other hand, to identify variants associated with trough
serum IFX levels in an homogeneous population of patients, those who
were in clinical remission and actively treated with IFX at standard
doses.

2. Material and methods

2.1. Patients and study design

An observational, longitudinal, ambispective study was conducted.
Inclusion criteria were: patients over 18 years old diagnosed with CD
and treated at any time with infliximab. Patients being treated with
intensified infliximab doses were excluded (5 mg/kg every 4 weeks or
10 mg/kg every 8 weeks). The recruitment period was 2015–2018
(Fig. 1). In the retrospective phase, 38 patients who previously failed to
IFX prior to study starting point were recruited. At recruiting, 94 pa-
tients who were actively treated with IFX as maintenance therapy at
stable doses (5 mg/kg every 6 or 8 weeks) were included. A prospective
phase was conducted until the failure to IFX or until the end of the
follow-up (2018). During follow-up, 9 out of 94 patients failed to IFX
therapy and at the end of the study 85 remained as responders. Patients
were recruited in the IBD Units of 2 Spanish hospitals (Hospital General
Universitario Gregorio Marañón and Hospital General de Tomelloso).

The first aim was to identify polymorphisms associated with long-
term response to IFX in patients with CD. For this purpose, all recruited
patients were included. The primary endpoint was failure to IFX
treatment by genotypes. Failure was defined as withdrawal of IFX, and/
or switching to another anti-TNF due to loss of effectiveness according
to clinical, biochemical and endoscopic data or the need for abdominal
surgery related to CD progression. Time-to-failure was defined as the
time from the initiation of induction therapy to the date of failure. A
blood sample was collected from all patients in a tube containing EDTA
for genetic analyses. The main study variables of this aim were geno-
types and time-to-failure to IFX.

The second goal was to identify DNA variants associated with IFX
trough levels, a strong predictor of response. For this reason, we include
a homogeneous cohort of patients, those who were actively treated with
standard doses of IFX at recruitment. A single additional blood sample
was collected in a tube with silica particles immediately before the
administration of a scheduled IFX dose to measure trough serum IFX

Fig. 1. Sampling timeline. Retrospective
phase: patients who failed to IFX prior re-
cruitment (n = 38). Only DNA was analyzed.
At recruitment: patients actively treated with
IFX as maintenance therapy (n = 94). DNA and
serum were collected. Prospective phase:
Patients were followed until failure to IFX or
until the end of the follow-up. All 132 patients
were included to identify polymorphisms as-
sociated with long-term response: 85 patients
who remained on IFX maintenance treatment
after follow-up and 47 patients who failed IFX

before recruiting (n = 38) and after follow-up (n = 9). The dotted area represents those patients included to identify DNA variants associated with IFX trough levels.
*The analysis was performed with 93 patients because one of them had no IFX levels data.
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levels. Due to a limitation of the ELISA technique, ADA levels (UA/mL),
another strong indicator of failure to treatment, were measured only in
those patients with drug levels below 1 μg/mL. Samples were preserved
frozen at −20 °C to −40 °C until analysis. The main study variables for
this second aim were genotypes and trough serum IFX levels at re-
cruitment.

The following clinical and demographic variables were collected for
all patients: age, sex, date of CD diagnosis, date of initiation of IFX
treatment, hospital, line of anti-TNF for IFX treatment (first or second
anti-TNF administered), smoking status, surgery at any time, C-reactive
protein, and date of failure to IFX or date of end of follow-up. For pa-
tients receiving IFX at recruitment, the dose, frequency of administra-
tion, and trough serum IFX level were recorded.

2.2. Sample size

Sample size was calculated accepting an alpha risk of 0.05 and a
beta risk of 0.2 in a two-sided test, 105 subjects in the reference gen-
otype group with 34 events (failure to IFX treatment) and 26 subjects in
the non-reference genotype group with 8 events are required, assuming
proportion survivals of 0.73 and 0.5 in the reference and non-reference
group, respectively. Depending on the single nucleotide polymorphism
(SNP), the reference group will be the homozygous wild type alone or
combined with the heterozygous. It has been anticipated a drop-out rate
of 0%.

2.3. Single nucleotide polymorphisms selection

SNPs, in genes involved in the NFkB-mediated inflammatory re-
sponse (Toll-like receptors, TLR2, TLR4, and TLR9; Lymphocyte antigen
96 LY96; CD14; Mitogen-activated protein kinase 14, MAP3K14),
TNFα-signaling (TNF, TNF receptor superfamily members, TNFRSF1A
and TNFRS1B; FASLG; TNF alpha-induced protein3, TNFAIP3) and cy-
tokines regulated by NFkB (Interleukins, IL1B, IL10, IL6, and IL17A)
previously reported associated with anti-TNF response, but not long-
term response, were selected (Table 1). [21–24]. For this study, the
minor allele frequencies (MAF) were higher than 0.05 (5%) in all SNPs.
MAF is the frequency at which the second most common allele occurs in
a given population, it is widely used in population genetics studies
because it provides information to differentiate between common and
rare variants in the population.

2.4. DNA isolation and genotyping

Genomic DNA was isolated from 200 μL of whole blood using the
NucleoSpin® Tissue kit (Macherey-Nagel, Düren, Germany). The DNA
concentration was measured using a Q5000 spectrophotometer
(Quawell Technology Inc, San Jose, CA, USA). Polymorphisms were
genotyped using TaqMan probes in a StepOnePlus Real-Time PCR
System, according manufacturer’s instructions (Life Technologies,
Carlsbad, CA, USA) and analyzed using StepOnePlus v2.3. A successful
of 100% in genotyping was obtained for all SNPs except a 99.24% for
rs1816702, rs3804099, rs5030728, rs352139, rs11465996, rs4149570,
rs6927172, and rs1800872). Hardy-Weinberg equilibrium was ana-
lyzed to detect deviations in genotype frequency.

2.5. Trough IFX levels

Trough serum IFX levels were measured using ELISA
(Promonitor®IFXv2 kit, Progenika Biopharma, Derio, Spain) in a
Triturus automation system (Grifols, Barcelona, Spain), according to
manufacturer’s instructions. The therapeutic range was defined as
trough IFX levels ranging from 3 to 7 μg/mL. Levels above or below this
range were considered, respectively, supratherapeutic or infra-
therapeutic.

2.6. Statistical analysis

For the clinical and demographic variables of study population,
continuous variables are expressed as the mean and standard deviation
(SD) or as the median and interquartile range (IQR); qualitative vari-
ables are presented as absolute and relative frequencies. The chi-
squared test (Fisher exact-test, where appropriate) or t test was used to
compare qualitative and quantitative variables, respectively.

The association of genotypes with long-term response to IFX was
analyzed using Kaplan-Meier curves (time-to-failure curves). The ad-
justed hazard ratios (HR) and p values were calculated using sex and
line of biological treatment as covariates, with 95% confidence interval
(CI).

A linear-by-linear association chi-squared test was used to in-
vestigate the univariate associations between polymorphisms and
supra- and infratherapeutic trough serum IFX levels. Then, binary lo-
gistic regression using sex and line of treatment as covariates were also

Table 1
Single nucleotide polymorphisms tested for pharmacogenetic analysis.

Gene ID Molecular consequences Transcript ID Nucleotide change Amino acid change MAF Pathway

TLR2 rs1816702 Intron variant NM_001318789.1 c.−17 + 324T > C NA 0.142 A
rs3804099 synonymous variant NM_001318789.1 c.597C > T Asn199Asn 0.451 A

TLR4 rs5030728 Intron variant NM_138554.3 c.261–385G > A NA 0.305 A
TLR9 rs352139 Intron variant NM_017442.3 c.4–44G > A NA 0.482 A
LY96 rs11465996 Promoter NA −1716C > G NA 0.356 A
CD14 rs2569190 Promoter NA −260G > A NA 0.474 A
MAP3K14 rs7222094 Intron variant NM_003954.4 c.256 + 203C > T NA 0.475 A
TNFRSF1A rs4149570 Promoter NA −610G > T NA 0.336 B

rs767455 synonymous variant NM_001065.3 c.36 T > C Pro12Pro 0.492 B
TNFRSF1B rs1061622 missense variant NM_001066.2 c.587 T > G Met196Arg 0.239 B

rs1061624 3’ UTR variant NM_001066.2 c.*188A > G NA 0.477 B
rs3397 3’ UTR variant NM_001066.2 c.*215T > C NA 0.626 B

TNF rs1800629 Promoter NA −488G > A NA 0.173 B
rs361525 Promoter NA −418G > A NA 0.074 B

TNFAIP3 rs6927172 Promoter NA −190190G > T NA 0.175 B
FASLG rs763110 Promoter NA −844T > C NA 0.164 B
IL10 rs1800872 Promoter NA −627C > A NA 0.208 C

rs3024505 Downstream variant NA c.*2077C > T NA 0.181 C
IL1B rs4848306 Promoter NA −4301G > A NA 0.464 C
IL6 rs10499563 Promoter NA −6394T > C NA 0.195 C
IL17A rs2275913 Promoter NA −197A > G NA 0.354 C

Data from HAPMAP for Caucasian population; Genome Reference Consortium Human Build 38, Organism: Homo sapiens (human) GRCh.38; A, NFkB-mediated
inflammatory response; B, TNF signaling; C, cytokines regulated by NFkB. MAF, minor allele frequency; ID, dbSNP Identification number; NA, non-applicable.
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analyzed. P values < 0.05 was considered statistically significant. All
data were analyzed using the Statistical Package for the Social Sciences
v.21 (SPSS Inc, Chicago, IL, USA).

2.7. Ethical considerations

The study was conducted in accordance with the World Medical
Association Declaration of Helsinki and Spanish regulations. It was
approved by the ethics committees of Hospital General Universitario
Gregorio Marañón and Hospital General de Tomelloso. All patients
provided their written informed consent to participate.

3. Results

3.1. Patients’ characteristics

The whole study population comprised 132 patients diagnosed with
CD who were used to identify biomarkers to predict long-term response
to IFX in patients with CD (Fig. 1). The study population included: 85
responder patients who remained on IFX maintenance treatment until
end of follow-up, and 47 patients who failed to IFX before recruitment
(n = 38) or during follow-up (n = 9) (Fig. 1). The median age at di-
agnosis was 27.4 years (IQR 16.7; range 10.8–76.7). The IFX treatment
started at a median of 63.5 months after diagnosis (IQR 108.4; range
0.0–383.4), with no differences in age or sex. In one hospital, the per-
centage of patients who did not respond to IFX was lower than in the
other, with no differences in demographic data. IFX was the first bio-
logical drug used in 121 patients (91.7%), and 11 patients (8.3%) re-
ceived IFX after switching from adalimumab. Remission was recorded
in 85 patients (64.4% of total), with a median follow-up of 71.0 months
(IQR 52.9 months; range 7.0–120.0) from the onset of IFX. The median
time-to-failure in the 47 patients (35.6%) who experienced clinical
activity of CD during IFX treatment was 29.5 months (IQR 40.3; range
2.0–93.6) (Table 2).

For the second purpose of identifying variants associated with IFX
levels, the study population included 94 patients who were actively
treated with standard IFX doses during the recruitment period, finally
the analysis was performed with 93 patients because serum was not
available for one of them and trough IFX levels were obtained at re-
cruitment (Fig. 1). The median trough IFX level for these patients was
3.0 μg/mL (IQR 3.3; range 0–11.4). Trough serum IFX therapeutic

levels (3–7 μg/mL) was observed in 38 out of 93 (Table 3).

3.2. DNA variants associated with long-term response to IFX

Three SNPs were significantly associated with long-term response to
IFX in the univariate analysis (Fig. 2). After multivariate Cox regression
analysis, all values remained significant. Kaplan-Meier curves for the
analysis of the associations between the rest of DNA variants and long-
term response to IFX are shown in Supplemental Fig. 1. The number of
subjects by genotype can be found into the figures of the Kaplan-Meier
curves.

After Cox regression the variant rs1816702 C in homozygosis in the
TLR2 gene was predictive of a longer time-to-failure of (or better re-
sponse to) IFX than the TT genotype (HR, 0.128; 95%CI, 0.02-0.99;
p = 0.049). However, only 1 patient was homozygous for the T allele. A
second variant in TLR2 (rs3804099) was also associated with an im-
proved response to IFX; patients with TT genotype maintained their
response to IFX over 10 years of follow-up, as compared with patients
with the CC genotype (HR, 0.039; 95%CI, 0.18-0.88; p = 0.023). In the
multivariate model for TNFRSF1B (rs1061624), the AA and GA geno-
types were significantly more predictive of long-term response to IFX
than the GG genotype (HR, 0.041; 95%CI, 0.18-0.92; p = 0.030).

3.3. DNA variants associated with trough serum IFX level

Two SNPs in IL6 and IL10 were significantly associated with trough

Table 2
Characteristics of the patients for the study of genotypes associated with long-term response to IFX.

Characteristic Overall (n = 132) Non-Responders (n = 47) Responders (n = 85) p value

Age (years)
At diagnosis, median, (IQR, range) 27.4 (16.2, 10.76-76.7) 25.7 (11.3, 11.7–58.7) 28.6 (18.7, 10.76–76.7) 0.091
At start of treatment, median, (IQR, range) 36.6 (18.6, 12.5-81.4) 35.2 (18.3, 20.6–64.5) 36.9 (19.3, 12.5–81.4) 0.429
Months from diagnosis to onset of therapy, median, (IQR, range) 63.5 (108.4, 0–383.4) 81.3 (126.1, 0.5–383.4) 50.1 (100.5, 0–321.1) 0.129
Sex
Male; n (%) 67 (50.8%) 22 (46.8%) 45 (52.9%) 0.586
Female; n (%) 65 (49.2%) 25 (53.2%) 40 (47.1%)
Recruiting centre
Hospital Universitario Gregorio Marañón; n (%) 105 (79.5%) 44 (93.6%) 61 (71.8%) 0.003
Hospital General de Tomelloso; n (%) 27 (20.5%) 3 (6.4%) 24 (28.2%)
Line of Anti-TNFα
1st; n (%) 121 (91.7%) 41 (87.2%) 80 (94.1%) 0.201
2nd; n (%) 11 (8.3%) 6 (12.8%) 5 (5.9%)
Smoking status
Former smoker; n (%) 28 (21.2%) 6 (12.8%) 22 (25.9%) 0.118
Current smoker; n (%) 28 (21.2%) 12 (25.5%) 16 (18.8%) 0.382
Never smoker; n (%) 76 (57.6%) 29 (61.7%) 47 (55.3%) 0.582
Previous Surgery 60 (45.5%) 24 (51.1%) 36 (42.2%) 0.190
C-reactive protein CRP, median, (IQR, range) (n = 91) 2 (3, 0–46) 2.5 (6, 1–46) 2 (3, 0–41) 0.05
Time to failure (months), median (IQR, range) 29.5 (40.3, 2–93.6)
Follow-up time (months); median (IQR, range) 71 (53, 7–120)

IQR, interquartile range; IFX, infliximab; Non-Responders, patients who failed to IFX therapy; Responders, patient who respond to IFX therapy until the end of follow-
up;1st, patients for whom infliximab is their first anti-TNF; 2nd, patients for whom infliximab is their second anti-TNF.

Table 3
Patients characteristics for the study of genotypes associated with trough serum
IFX levels.

Characteristic Overall (n = 93)

IFX Dose/schedule
5 mg/kg/8 weeks 83 (62.9%)
5 mg/kg/6 weeks 10 (7.6%)
Drug levels, median, (IQR, range) (μg/mL) 3 (3.25, 0-11.4)
Trough serum Infliximab level
< 3 μg/mL; n (%) 46 (49.5%)
3-7 μg/mL; n (%) 38 (40.8%)
> 7 μg/mL; n (%) 9 (9.7%)
ADAs 10/21 (10.75%)

IQR, interquartile range; IFX, infliximab; ADAs, antidrug antibodies.
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serum IFX levels over the therapeutic range in both the univariate and
the multivariate analyses. A SNP in IL10 was associated with infra-
therapeutic trough IFX levels (Fig. 3).

Trough IFX levels > 7 μg/mL were found in 33% of patients with CD
carrying the AA genotype for IL10 (rs1800872), in 14.3% of hetero-
zygous CA genotype patients, and in only 2.2% of patients with the CC
genotype (CC vs. CA, OR, 9.48 [95%CI, 1.05–85.71], p = 0.045; CC vs.
AA, OR, 20.84 [95%CI, 1.41–307.79], p = 0.027) (Fig. 3A).

On the other hand, 50% of patients with the CC genotype in IL6
(rs10499563) presented trough IFX levels > 7 μg/mL, compared with
only 6.9% of those with the CT or TT genotypes (OR, 21.43; 95%CI,
2.34–196.43; p = 0.007) (Fig. 3B).

The T allele of rs3024505 in IL10 was associated with an increased
probability of infratherapeutic trough IFX levels < 3 μg/mL (Fig. 3C).
Thus, 69.6% of CT or TT genotype patients presented infratherapeutic
levels compared to 42.9% of CC genotyped patients (OR, 0.33; 95%CI,
0.12–0.92; p = 0.033).

No additional SNPs were correlated with supra- or infratherapeutic
trough IFX levels.

4. Discussion

Several parameters, including DNA variants, affect response to anti-
TNF therapy in patients with CD, although current knowledge is limited
and new biomarkers are necessary to more accurately predict in-
dividual responses and to select the drugs that best target the disease
[24]. Trough serum IFX level has proven to be a useful parameter for
predicting a sustained response to therapy, and guidelines have been
provided to optimize results [25]. In the present study, we identified
associations between DNA variants and both long-term response to IFX
and trough serum IFX levels in a large series of patients with CD.

Previous research on patients with IBD or other autoimmune dis-
eases has identified several polymorphisms that constitute potential

biomarkers able to identify patients who respond to IFX [26,27].
However, the results were often contradictory and mostly focused on
identifying an early response to therapy. Additional inconsistencies in
the studies that have prevented more advances in this area include the
heterogeneous criteria chosen by authors to define response or lack of
response (clinical indices based on reported symptoms, endoscopic in-
dices based on endoscopic findings, or concentrations of biomarkers of
inflammation such as C-reactive protein or fecal calprotectin). More-
over, wide variability was recorded in the duration of IFX therapy to
define whether a patient responded or not (from only 2 weeks to
1 year).

Our research is novel in that Kaplan-Meier time-to-failure curves
were used to identify gene polymorphisms associated with long-term
response to IFX. These have the advantage of incorporating a solid
endpoint with strong clinical relevance, since we were able to include
patients with a very low risk for failure with IFX after a maximum of 10
years taking the drug. This strategy was successfully used to compare
long-term outcomes with IFX in populations with different genetic
backgrounds [28].

Three polymorphisms were found to be associated with long-term
response to IFX, namely, 2 of them in the TLR2 gene (rs1816702,
rs3804099), the third one in the TNFRSF1B gene (rs1061624).

Concerning TLR2 polymorphisms, the first SNP is in an intron lo-
cated at 17 nucleotides from a splice site of the TLR2 gene which could
affect to its right splicing and generate a transcript variant. The clinical
significance of this change is unknown, but this SNP has been asso-
ciated with immunology parameters or diseases, such as risk of CD,
monocyte activation or vaccine response [21,29,30]. The second SNP
rs3804099 in TLR2 is a synonymous variant, but it has been related to
increased cholesterol level, risk of pulmonary tuberculosis, legionella
infection or hepatitis activity in HBV infected patients [31–34]. In
contrast to our results, both SNPs in TLR2 have not be related to anti-
TNF response after 22 weeks of treatment [35], although they were

Fig. 2. SNPs associated with long-term response to infliximab. Kaplan-Meier curves for the three SNPs associated with response are represented. Sample sizes for each
SNP and genotype are showed. Genotype comparisons and significant p values for univariate analysis are inserted into the Kaplan-Meier curves.

Fig. 3. Polymorphisms associated with supratherapeutic (A, B) or infratherapeutic trough serum infliximab level (C). IFX level > 7 were considered as suprather-
apeutic. IFX level < 3 μg/mL were considered as infratherapeutic. *p value < 0.05; ** p value < 0.01.
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initially related [21]. These studies are not comparable due to follow-up
time. Nevertheless, we analyzed our data at 22 weeks after starting IFX
treatment and no significant results were observed for these 2 SNPs in
TLR2 (data not shown). In addition, the low number of subjects with a
TT genotype for rs1816702 in our cohort is a limitation. More studies
are required to clarify the role of these TLR2 variants in the response to
IFX.

TNFRSF1B is a single transmembrane glycoprotein which can in-
duce cell apoptosis and survival [36]. Several DNA variants in
TNFRSF1B have been associated with a response to anti-TNFα drugs,
notably rs1061622 [37]. In our study, the SNP rs1061624 was asso-
ciated with maintenance of long-term response to IFX. There are no
data on the involvement of this SNP, which is located in the 3′UTR
region, in the regulation of expression of TNFRSF1B. Patients carrying
the A allele had a higher chance of failure with IFX. Even though this
SNP was shown not to be associated with response in Japanese patients
with CD treated with IFX, the diplotype A-T for rs1061624 + rs3397
was strongly associated with nonresponse [38]. Allele A was also as-
sociated with nonresponse to other drugs, such as 5-fluorouracil/cis-
platin–based chemotherapy, and diseases such as cancer [39]. Since
these findings point to the protective effect of the G variant against
failure with IFX therapy, it suggests that it could represent a good
candidate biomarker for long-term response to IFX in CD.

While these three SNPs have been associated with IFX outcomes,
this is the first time they have been shown to be biomarkers of long-
term response to this drug that are able to identify a group of patients
with a low risk of treatment failure after mean of 71 months.

We also identified 3 SNPs that were associated with trough serum
IFX levels. The optimal trough IFX level in IBD has been defined as
3–7 μg/mL [11] or even higher when mucosal healing is the objective
[40]. Therefore, supra- and infratherapeutic levels of IFX should be
associated, respectively, with improved and poor response to the drug.
Genotype A in IL10 rs1800872 and genotype C in IL6 rs10499563 were
associated with an increased probability of presenting serum IFX le-
vels > 7 μg/mL. In contrast, the T allele of IL10 rs3024505 was a risk
factor for trough serum IFX levels < 3 μg/mL.

IL10 rs1800872 is located in the promoter region and, although it
does not appear to have an effect on IL10 expression [41], it has been
related to immune system alterations that lead to susceptibility to in-
fections [42]. IL10 rs3024505 is located in immediately downstream of
the end of transcription and no effect on gene expression has been re-
ported. These 2 SNPs in IL10 were associated with susceptibility to and
severity of CD [43,44], although the findings were not validated by
other authors [45,46].

Finally, the C allele of rs10499563, located -6331 nucleotides up-
stream from the start of IL6 translation, has been associated with a
decreased expression in serum and a lower risk of gastric cancer
[47,48]. IL6 rs10499563 was also associated with response to anti-
TNFα treatment in IBD patients after 22 weeks of treatment suggesting
that genetically determined high IL6-driven inflammatory response was
associated with non-response [21,35]. While no significant association
has been found between any of these SNPs and long-term outcome in
this work, a nonsignificant trend towards a better response was ob-
served for the C genotype in IL6 rs10499563 (Supplementary Fig. 1L).
For the first time, SNPs in IL6 and IL10 have been shown to be asso-
ciated with trough serum IFX levels. More studies are required to elu-
cidate the effect of this association on the clinical outcomes of CD pa-
tients receiving anti-TNF treatment.

The major limitation of the study is the sample size, which prevents
obtaining conclusive results in those very rare polymorphisms. Sample
size is also a limitation for analyses with small subgroups, such as in the
case of patients who lose response to IFX after recruitment and the
impact of trough serum IFX level. Another limitation was that trough
serum IFX levels were only measured once and patients with a closed
level to a cut-off point could change therapeutic category.

5. Conclusion

In conclusion, pharmacogenetic analysis allows us to identify ge-
netic variants associated with trough serum IFX levels and long-term
response to therapy in patients with CD. Cytokines closely related to IFX
levels and variants in TLR were significantly associated with long-term
responses. Current research to identify long-term responders to anti-
TNF therapy may advance our ability to tailor treatment of CD.

Declaration of Competing Interest

The authors declare that they have no conflicts of interest.

Acknowledgments

The authors disclosed receipt of the following financial support for
the research, authorship and publication of this article: The work was
supported by the Ministry of Economy and Competitiveness ISCIII-FIS
(grant numbers PI16/00559 and PI16/02096), the Consejería de
Educación y Deporte de la Comunidad de Madrid (grant numbers
PEJ16/MED/AI-1260 and PEJD-2018-PRE/BMD-8665), and by the
Gregorio Marañón Health Research Institute (grant number PRE-2018-
2). The study was cofunded by ERDF Funds (FEDER) from the European
Commission, “A way of making Europe”. EJ Laserna-Mendieta is re-
cipient of a Rio Hortega grant (CM17/00003) from Instituto de Salud
Carlos III (ISCIII), Spanish Ministry of Health, Social Services and
Equality, which is partly funded by the European Social Fund (period
2014-2020).

Appendix A. Supplementary data

Supplementary material related to this article can be found, in the
online version, at doi:https://doi.org/10.1016/j.phrs.2019.104478.

References

[1] B. Verstockt, K.G. Smith, J.C. Lee, Genome-wide association studies in Crohn’s
disease: past, present and future, Clin. Transl. Immunol. 7 (2018) e1001, https://
doi.org/10.1002/cti2.1001.

[2] H. Khalili, S.S.M. Chan, P. Lochhead, A.N. Ananthakrishnan, A.R. Hart, A.T. Chan,
The role of diet in the aetiopathogenesis of inflammatory bowel disease, Nat. Rev.
Gastroenterol. Hepatol. 15 (2018) 525–535, https://doi.org/10.1038/s41575-018-
0022-9.

[3] G.R. Lichtenstein, A. Shahabi, S.A. Seabury, D.N. Lakdawalla, O.D. Espinosa,
S. Green, M. Brauer, R.N. Baldassano, Lifetime economic burden of Crohn’s disease
and ulcerative colitis by age at diagnosis, Clin. Gastroenterol. Hepatol. (2019),
https://doi.org/10.1016/j.cgh.2019.07.022.

[4] J. Reinglas, L. Gonczi, Z. Kurt, T. Bessissow, P.L. Lakatos, Positioning of old and new
biologicals and small molecules in the treatment of inflammatory bowel diseases,
World J. Gastroenterol. 24 (2018) 3567–3582, https://doi.org/10.3748/wjg.v24.
i32.3567.

[5] P.C. Stokkers, L. Camoglio, S.J. vanDeventer, Tumor necrosis factor (TNF) in in-
flammatory bowel disease: gene polymorphisms, animal models, and potential for
anti-TNF therapy, J. Inflamm. 47 (1995) 97–103 (accessed December 12, 2018),
http://www.ncbi.nlm.nih.gov/pubmed/8913936.

[6] N.S. Ding, A. Hart, P. De Cruz, Systematic review: predicting and optimising re-
sponse to anti-TNF therapy in Crohn’s disease - algorithm for practical manage-
ment, Aliment. Pharmacol. Ther. 43 (2016) 30–51, https://doi.org/10.1111/apt.
13445.

[7] C.-G. af Björkesten, U. Nieminen, T. Sipponen, U. Turunen, P. Arkkila, M. Färkkilä,
Mucosal healing at 3 months predicts long-term endoscopic remission in anti-TNF-
treated luminal Crohn’s disease, Scand. J. Gastroenterol. 48 (2013) 543–551,
https://doi.org/10.3109/00365521.2013.772230.

[8] C. Ma, R. Battat, R. Khanna, C.E. Parker, B.G. Feagan, V. Jairath, What is the role of
C-reactive protein and fecal calprotectin in evaluating Crohn’s disease activity? Best
Pract. Res. Clin. Gastroenterol. 38–39 (2019) 101602, , https://doi.org/10.1016/j.
bpg.2019.02.004.

[9] E.J. Laserna-Mendieta, A.J. Lucendo, Faecal calprotectin in inflammatory bowel
diseases: a review focused on meta-analyses and routine usage limitations, Clin.
Chem. Lab. Med. 57 (2019) 1295–1307, https://doi.org/10.1515/cclm-2018-1063.

[10] P. Hendy, A. Hart, P. Irving, Anti-TNF drug and antidrug antibody level monitoring
in IBD: a practical guide, Frontline Gastroenterol. 7 (2016) 122–128, https://doi.
org/10.1136/flgastro-2014-100527.

[11] F. Cornillie, S.B. Hanauer, R.H. Diamond, J. Wang, K.L. Tang, Z. Xu, P. Rutgeerts,
S. Vermeire, Postinduction serum infliximab trough level and decrease of C-reactive

S. Salvador-Martín, et al. Pharmacological Research 149 (2019) 104478

6

https://doi.org/10.1016/j.phrs.2019.104478
https://doi.org/10.1002/cti2.1001
https://doi.org/10.1002/cti2.1001
https://doi.org/10.1038/s41575-018-0022-9
https://doi.org/10.1038/s41575-018-0022-9
https://doi.org/10.1016/j.cgh.2019.07.022
https://doi.org/10.3748/wjg.v24.i32.3567
https://doi.org/10.3748/wjg.v24.i32.3567
http://www.ncbi.nlm.nih.gov/pubmed/8913936
https://doi.org/10.1111/apt.13445
https://doi.org/10.1111/apt.13445
https://doi.org/10.3109/00365521.2013.772230
https://doi.org/10.1016/j.bpg.2019.02.004
https://doi.org/10.1016/j.bpg.2019.02.004
https://doi.org/10.1515/cclm-2018-1063
https://doi.org/10.1136/flgastro-2014-100527
https://doi.org/10.1136/flgastro-2014-100527


protein level are associated with durable sustained response to infliximab: a ret-
rospective analysis of the ACCENT I trial, Gut (2014) 1–7, https://doi.org/10.1136/
gutjnl-2012-304094.

[12] C.H. Seow, a Newman, S.P. Irwin, A.H. Steinhart, M.S. Silverberg, G.R. Greenberg,
Trough serum infliximab: a predictive factor of clinical outcome for infliximab
treatment in acute ulcerative colitis, Gut. 59 (2010) 49–54, https://doi.org/10.
1136/gut.2009.183095.

[13] C.-G. af Björkesten, U. Nieminen, T. Sipponen, U. Turunen, P. Arkkila, M. Färkkilä,
Mucosal healing at 3 months predicts long-term endoscopic remission in anti-TNF-
treated luminal Crohn’s disease, Scand. J. Gastroenterol. 48 (2013) 543–551,
https://doi.org/10.3109/00365521.2013.772230.

[14] M.H. Mosli, W.J. Sandborn, R.B. Kim, R. Khanna, B. Al-Judaibi, B.G. Feagan,
Toward a personalized medicine approach to the management of inflammatory
bowel disease, Am. J. Gastroenterol. 109 (2014) 994–1004, https://doi.org/10.
1038/ajg.2014.110.

[15] O.B. Kelly, S.O. Donnell, J.M. Stempak, A.H. Steinhart, M.S. Silverberg, Therapeutic
drug monitoring to guide infliximab dose adjustment is associated with better en-
doscopic outcomes than clinical decision making alone in active inflammatory
bowel disease, Inflamm. Bowel Dis. 23 (2017) 1202–1209, https://doi.org/10.
1097/MIB.0000000000001126.

[16] N.A. Kennedy, G.A. Heap, H.D. Green, B. Hamilton, C. Bewshea, G.J. Walker,
A. Thomas, R. Nice, M.H. Perry, S. Bouri, N. Chanchlani, N.M. Heerasing, P. Hendy,
S. Lin, D.R. Gaya, J.R.F. Cummings, C.P. Selinger, C.W. Lees, A.L. Hart, M. Parkes,
S. Sebastian, J.C. Mansfield, P.M. Irving, J. Lindsay, R.K. Russell, T.J. McDonald,
D. McGovern, J.R. Goodhand, T. Ahmad, V. UK Inflammatory Bowel Disease
Pharmacogenetics Study Group, Z. Mazhar, R. Saich, B. Colleypriest, T.C. Tham,
T.H. Iqbal, V. Kaushik, S. Murugesan, S. Singh, S. Weaver, C. Preston, A. Butt,
M. Smith, D. Basude, A. Beale, S. Langlands, N. Direkze, M. Parkes, F. Torrente,
J. De La Revella Negro, C.E. MacDonald, S.M. Evans, A.V.J. Gunasekera, A. Thakur,
D. Elphick, A. Shenoy, C.U. Nwokolo, A. Dhar, A.T. Cole, A. Agrawal, S. Bridger,
J. Doherty, S.C. Cooper, S. de Silva, C. Mowat, P. Mayhead, C. Lees, G. Jones,
T. Ahmad, J.W. Hart, D.R. Gaya, R.K. Russell, L. Gervais, P. Dunckley, T. Mahmood,
P.J.R. Banim, S. Sonwalkar, D. Ghosh, R.H. Phillips, A. Azaz, S. Sebastian,
R. Shenderey, L. Armstrong, C. Bell, R. Hariraj, H. Matthews, H. Jafferbhoy,
C.P. Selinger, V. Zamvar, J.S. De Caestecker, A. Willmott, R. Miller, P.S. Babu,
C. Tzivinikos, S.L. Bloom, G. Chung-Faye, N.M. Croft, J.M. Fell, M. Harbord,
A. Hart, B. Hope, P.M. Irving, J.O. Lindsay, J.E. Mawdsley, A. McNair,
K.J. Monahan, C.D. Murray, T. Orchard, T. Paul, R. Pollok, N. Shah, S. Bouri,
M.W. Johnson, A. Modi, K.D. Kabiru, B.K. Baburajan, B. Bhaduri, A.A. Fagbemi,
S. Levison, J.K. Limdi, G. Watts, S. Foley, A. Ramadas, G. MacFaul, J. Mansfield,
L. Grellier, M.-A. Morris, M. Tremelling, C. Hawkey, S. Kirkham, C.P. Charlton,
A. Rodrigues, A. Simmons, S.J. Lewis, J. Snook, M. Tighe, P.M. Goggin, A.N. De
Silva, S. Lal, M.S. Smith, S. Panter, J.R.F. Cummings, S. Dharmisari, M. Carter,
D. Watts, Z. Mahmood, B. McLain, S. Sen, A.J. Pigott, D. Hobday, E. Wesley,
R. Johnston, C. Edwards, J. Beckly, D. Vani, S. Ramakrishnan, R. Chaudhary,
N.J. Trudgill, R. Cooney, A. Bell, N. Prasad, J.N. Gordon, M.J. Brookes, A. Li,
S. Gore, Predictors of anti-TNF treatment failure in anti-TNF-naive patients with
active luminal Crohn’s disease: a prospective, multicentre, cohort study, Lancet
Gastroenterol. Hepatol. 4 (2019) 341–353, https://doi.org/10.1016/S2468-
1253(19)30012-3.

[17] M. Argollo, G. Fiorino, P. Hindryckx, L. Peyrin-Biroulet, S. Danese, Novel ther-
apeutic targets for inflammatory bowel disease, J. Autoimmun. 85 (2017) 103–116,
https://doi.org/10.1016/j.jaut.2017.07.004.

[18] V. Haufroid, N. Picard, Pharmacogenetics biomarkers predictive of drug pharma-
codynamics as an additional tool to therapeutic drug monitoring, Ther. Drug Monit.
1 (2018), https://doi.org/10.1097/FTD.0000000000000591.

[19] Y.M. Han, J. Koh, J.W. Kim, C. Lee, S.-J. Koh, B. Kim, K.L. Lee, J.P. Im, J.S. Kim, NF-
kappa B activation correlates with disease phenotype in Crohn’s disease, PLoS One
12 (2017) e0182071, , https://doi.org/10.1371/journal.pone.0182071.

[20] R. Prieto-Perez, B. Almoguera, T. Cabaleiro, H. Hakonarson, F. Abad-Santos,
Association between genetic polymorphisms and response to Anti-TNFs in patients
with inflammatory bowel disease, Int. J. Mol. Sci. 17 (2016), https://doi.org/10.
3390/ijms17020225.

[21] S. Bank, P.S. Andersen, J. Burisch, N. Pedersen, S. Roug, J. Galsgaard, S.Y. Turino,
J.B. Brodersen, S. Rashid, B.K. Rasmussen, S. Avlund, T.B. Olesen, H.J. Hoffmann,
M.K. Thomsen, V.O. Thomsen, M. Frydenberg, B.A. Nexo, J. Sode, U. Vogel,
V. Andersen, Associations between functional polymorphisms in the NFkappaB
signaling pathway and response to anti-TNF treatment in Danish patients with in-
flammatory bowel disease, Pharmacogenomics J. 14 (2014) 526–534, https://doi.
org/10.1038/tpj.2014.19.

[22] K.H. Katsanos, K.A. Papadakis, Pharmacogenetics of inflammatory bowel disease,
Pharmacogenomics 15 (2014) 2049–2062, https://doi.org/10.2217/pgs.14.154.

[23] S. Rufini, C. Ciccacci, G. Novelli, P. Borgiani, Pharmacogenetics of inflammatory
bowel disease: a focus on Crohn’s disease, Pharmacogenomics 18 (2017)
1095–1114, https://doi.org/10.2217/pgs-2017-0068.

[24] T.W. Stevens, M. Matheeuwsen, M.H. Lönnkvist, C.E. Parker, M.E. Wildenberg,
K.B. Gecse, G.R. D’Haens, Systematic review: predictive biomarkers of therapeutic
response in inflammatory bowel disease-personalised medicine in its infancy,
Aliment. Pharmacol. Ther. 48 (2018) 1213–1231, https://doi.org/10.1111/apt.
15033.

[25] K. Papamichael, A.S. Cheifetz, Use of anti-TNF drug levels to optimise patient
management, Frontline Gastroenterol. 7 (2016) 289–300, https://doi.org/10.1136/
flgastro-2016-100685.

[26] S. Bek, J.V. Nielsen, A.B. Bojesen, A. Franke, S. Bank, U. Vogel, V. Andersen,
Systematic review: genetic biomarkers associated with anti-TNF treatment response
in inflammatory bowel diseases, Aliment. Pharmacol. Ther. 44 (2016) 554–567,

https://doi.org/10.1111/apt.13736.
[27] S. Bank, P.S. Andersen, J. Burisch, N. Pedersen, S. Roug, J. Galsgaard, S.Y. Turino,

J.B. Brodersen, S. Rashid, S. Avlund, T.B. Olesen, A. Green, H.J. Hoffmann,
M.K. Thomsen, V.O. Thomsen, B.A. Nexo, U. Vogel, V. Andersen, Effectiveness of
anti-tumour necrosis factor-alpha therapy in Danish patients with inflammatory
bowel diseases, Dan. Med. J. 62 (2015).

[28] B. Ungar, O. Haj-Natour, U. Kopylov, M. Yavzori, E. Fudim, O. Picard, R. Loebstein,
A. Lahat, Y. Maor, B. Avidan, A. Lang, B. Weiss, Y. Chowers, R. Eliakim, S. Ben-
Horin, Ashkenazi Jewish origin protects against formation of antibodies to in-
fliximab and therapy failure, Medicine (Baltimore). 94 (2015) e673, https://doi.
org/10.1097/MD.0000000000000673.

[29] R.B. Kennedy, I.G. Ovsyannikova, I.H. Haralambieva, M.M. O’Byrne,
R.M. Jacobson, V.S. Pankratz, G.A. Poland, Multigenic control of measles vaccine
immunity mediated by polymorphisms in measles receptor, innate pathway, and
cytokine genes, Vaccine 30 (2012) 2159–2167, https://doi.org/10.1016/j.vaccine.
2012.01.025.

[30] S.J. Bielinski, J.L. Hall, J.S. Pankow, E. Boerwinkle, N. Matijevic-Aleksic, M. He,
L. Chambless, A.R. Folsom, Genetic variants in TLR2 and TLR4 are associated with
markers of monocyte activation: the atherosclerosis risk in communities MRI study,
Hum. Genet. 129 (2011) 655–662, https://doi.org/10.1007/s00439-011-0962-4.

[31] A.C.M.B. Gomes Torres, N. Leite, L.V. Tureck, R.L.R. de Souza, A.C.K. Titski,
G.E. Milano-Gai, L. Lazarotto, L.R. da Silva, L. Furtado-Alle, Association between
Toll-like receptors (TLR) and NOD-like receptor (NLR) polymorphisms and lipid and
glucose metabolism, Gene 685 (2019) 211–221, https://doi.org/10.1016/j.gene.
2018.11.065.

[32] A. Varzari, I.V. Deyneko, I. Vladei, H. Grallert, M. Schieck, E. Tudor, T. Illig, Genetic
variation in TLR pathway and the risk of pulmonary tuberculosis in a Moldavian
population, Infect. Genet. Evol. 68 (2019) 84–90, https://doi.org/10.1016/j.
meegid.2018.12.005.

[33] Y. Lin, Z.-X. Gao, X. Shen, M.-J. Chen, Y.-T. Li, S.-L. Li, H.-L. Lin, Q.-F. Zhao, F. Liu,
J.-J. Niu, Correlation between polymorphisms in toll-like receptor genes and the
activity of hepatitis B virus among treatment-naïve patients: a case-control study in
a Han Chinese population, BMC Infect. Dis. 18 (2018) 28, https://doi.org/10.1186/
s12879-018-2943-x.

[34] F. Zhang, X.-D. Gao, W.-W. Wu, Y. Gao, Y.-W. Zhang, S.-P. Wang, Polymorphisms in
toll-like receptors 2, 4 and 5 are associated with Legionella pneumophila infection,
Infection 41 (2013) 941–948, https://doi.org/10.1007/s15010-013-0444-9.

[35] S. Bank, M. Julsgaard, O.K. Abed, J. Burisch, J. Broder Brodersen, N.K. Pedersen,
A. Gouliaev, R. Ajan, D. Nytoft Rasmussen, C. Honore Grauslund, S. Roug,
J. Galsgaard, D. Sprogøe Høyer Finsen, K. Lindby, J. Danish, IBD Genetics Working
Group, J. Sørensen, L. Larsen, M. Rohr Andersen, I. Brandslund, M. Thomassen,
A. Green, A. Bo Bojesen, S. Bek Sørensen, U. Vogel, V. Andersen, Polymorphisms in
the NFkB, TNF-alpha, IL-1beta, and IL-18 pathways are associated with response to
anti-TNF therapy in Danish patients with inflammatory bowel disease, Aliment.
Pharmacol. Ther. 49 (2019) 890–903, https://doi.org/10.1111/apt.15187.

[36] K.A. Papadakis, S.R. Targan, Tumor necrosis factor: biology and therapeutic in-
hibitors, Gastroenterology 119 (2000) 1148–1157 (Accessed 26 December 2018),
http://www.ncbi.nlm.nih.gov/pubmed/11040201.

[37] W. Chen, H. Xu, X. Wang, J. Gu, H. Xiong, Y. Shi, The tumor necrosis factor receptor
superfamily member 1B polymorphisms predict response to anti-TNF therapy in
patients with autoimmune disease: a meta-analysis, Int. Immunopharmacol. 28
(2015) 146–153, https://doi.org/10.1016/j.intimp.2015.05.049.

[38] H. Matsukura, S. Ikeda, N. Yoshimura, M. Takazoe, M. Muramatsu, Genetic poly-
morphisms of tumour necrosis factor receptor superfamily 1A and 1B affect re-
sponses to infliximab in Japanese patients with Crohn’s disease, Aliment.
Pharmacol. Ther. 27 (2008) 765–770, https://doi.org/10.1111/j.1365-2036.2008.
03630.x.

[39] A. Kuwahara, M. Yamamori, M. Fujita, T. Okuno, T. Tamura, K. Kadoyama,
N. Okamura, T. Nakamura, T. Sakaeda, TNFRSF1B A1466G genotype is predictive
of clinical efficacy after treatment with a definitive 5-fluorouracil/cisplatin-based
chemoradiotherapy in Japanese patients with esophageal squamous cell carcinoma,
J. Exp. Clin. Cancer Res. 29 (2010) 100, https://doi.org/10.1186/1756-9966-29-
100.

[40] B. Ungar, I. Levy, Y. Yavne, M. Yavzori, O. Picard, E. Fudim, R. Loebstein,
Y. Chowers, R. Eliakim, U. Kopylov, S. Ben-Horin, Optimizing Anti-TNF-α therapy:
serum levels of infliximab and adalimumab are associated with mucosal healing in
patients with inflammatory bowel diseases, Clin. Gastroenterol. Hepatol. 14 (2016)
550–557, https://doi.org/10.1016/j.cgh.2015.10.025 e2.

[41] J.G. de Oliveira, A.F.T. Rossi, D.M. Nizato, A.C.T. Cadamuro, Y.C. Jorge,
M.C. Valsechi, L.P.R. Venâncio, P. Rahal, É.C. Pavarino, E.M. Goloni-Bertollo,
A.E. Silva, Influence of functional polymorphisms in TNF-α, IL-8, and IL-10 cyto-
kine genes on mRNA expression levels and risk of gastric cancer, Tumor Biol. 36
(2015) 9159–9170, https://doi.org/10.1007/s13277-015-3593-x.

[42] A.V. Barkhash, G.V. Kochneva, E.V. Chub, A.G. Romaschenko, Single nucleotide
polymorphism rs1800872 in the promoter region of the IL10 gene is associated with
predisposition to chronic hepatitis C in Russian population, Microbes Infect. 20
(2018) 212–216, https://doi.org/10.1016/j.micinf.2017.11.012.

[43] D. Mijac, I.V. Petrovic, S. Djuranovic, V. Perovic, D. Bojic, D. Culafic, D. Popovic,
M. Krstic, G. Jankovic, M. Djoric, V. Pravica, M. Markovic, The polymorphism
rs3024505 (C/T) downstream of the IL10 gene is associated with Crohn’s disease in
Serbian patients with inflammatory bowel disease, Tohoku J. Exp. Med. 240 (2016)
15–24, https://doi.org/10.1620/tjem.240.15.

[44] Z. Lin, Z. Wang, J.P. Hegarty, T.R. Lin, Y. Wang, S. Deiling, R. Wu, N.J. Thomas,
J. Floros, Genetic association and epistatic interaction of the interleukin-10 sig-
naling pathway in pediatric inflammatory bowel disease, World J. Gastroenterol. 23
(2017) 4897, https://doi.org/10.3748/wjg.v23.i27.4897.

S. Salvador-Martín, et al. Pharmacological Research 149 (2019) 104478

7

https://doi.org/10.1136/gutjnl-2012-304094
https://doi.org/10.1136/gutjnl-2012-304094
https://doi.org/10.1136/gut.2009.183095
https://doi.org/10.1136/gut.2009.183095
https://doi.org/10.3109/00365521.2013.772230
https://doi.org/10.1038/ajg.2014.110
https://doi.org/10.1038/ajg.2014.110
https://doi.org/10.1097/MIB.0000000000001126
https://doi.org/10.1097/MIB.0000000000001126
https://doi.org/10.1016/S2468-1253(19)30012-3
https://doi.org/10.1016/S2468-1253(19)30012-3
https://doi.org/10.1016/j.jaut.2017.07.004
https://doi.org/10.1097/FTD.0000000000000591
https://doi.org/10.1371/journal.pone.0182071
https://doi.org/10.3390/ijms17020225
https://doi.org/10.3390/ijms17020225
https://doi.org/10.1038/tpj.2014.19
https://doi.org/10.1038/tpj.2014.19
https://doi.org/10.2217/pgs.14.154
https://doi.org/10.2217/pgs-2017-0068
https://doi.org/10.1111/apt.15033
https://doi.org/10.1111/apt.15033
https://doi.org/10.1136/flgastro-2016-100685
https://doi.org/10.1136/flgastro-2016-100685
https://doi.org/10.1111/apt.13736
http://refhub.elsevier.com/S1043-6618(19)31152-1/sbref0135
http://refhub.elsevier.com/S1043-6618(19)31152-1/sbref0135
http://refhub.elsevier.com/S1043-6618(19)31152-1/sbref0135
http://refhub.elsevier.com/S1043-6618(19)31152-1/sbref0135
http://refhub.elsevier.com/S1043-6618(19)31152-1/sbref0135
https://doi.org/10.1097/MD.0000000000000673
https://doi.org/10.1097/MD.0000000000000673
https://doi.org/10.1016/j.vaccine.2012.01.025
https://doi.org/10.1016/j.vaccine.2012.01.025
https://doi.org/10.1007/s00439-011-0962-4
https://doi.org/10.1016/j.gene.2018.11.065
https://doi.org/10.1016/j.gene.2018.11.065
https://doi.org/10.1016/j.meegid.2018.12.005
https://doi.org/10.1016/j.meegid.2018.12.005
https://doi.org/10.1186/s12879-018-2943-x
https://doi.org/10.1186/s12879-018-2943-x
https://doi.org/10.1007/s15010-013-0444-9
https://doi.org/10.1111/apt.15187
http://www.ncbi.nlm.nih.gov/pubmed/11040201
https://doi.org/10.1016/j.intimp.2015.05.049
https://doi.org/10.1111/j.1365-2036.2008.03630.x
https://doi.org/10.1111/j.1365-2036.2008.03630.x
https://doi.org/10.1186/1756-9966-29-100
https://doi.org/10.1186/1756-9966-29-100
https://doi.org/10.1016/j.cgh.2015.10.025
https://doi.org/10.1007/s13277-015-3593-x
https://doi.org/10.1016/j.micinf.2017.11.012
https://doi.org/10.1620/tjem.240.15
https://doi.org/10.3748/wjg.v23.i27.4897


[45] R. López-Hernández, M. Valdés, J.A. Campillo, P. Martínez-García, H. Salama,
J.M. Bolarin, H. Martínez, M.R. Moya-Quiles, A. Minguela, A. Sánchez-Torres,
C. Botella, G. Salgado, M. Miras, F. Carballo, M. Muro, Pro- and anti-inflammatory
cytokine gene single-nucleotide polymorphisms in inflammatory bowel disease, Int.
J. Immunogenet. 42 (2015) 38–45, https://doi.org/10.1111/iji.12160.

[46] M.A. Niriella, I.K. Liyanage, S.K. Kodisinghe, A.P. De Silva, N. Rajapakshe,
S.D. Nanayakkara, D. Luke, T. Silva, M. Nawarathne, R.K. Peiris, U.P. Kalubovila,
S.R. Kumarasena, V.H.W. Dissanayake, R.W. Jayasekara, H.J. de Silva, Genetic
associations of inflammatory bowel disease in a South Asian population, World J.

Clin. Cases 6 (2018) 908–915, https://doi.org/10.12998/wjcc.v6.i15.908.
[47] A.J.P. Smith, F. D’Aiuto, J. Palmen, J.A. Cooper, J. Samuel, S. Thompson,

J. Sanders, N. Donos, L. Nibali, D. Brull, P. Woo, S.E. Humphries, Association of
serum Interleukin-6 Concentration with a functional IL6-6331T&C Polymorphism,
Clin. Chem. 54 (2008) 841–850, https://doi.org/10.1373/clinchem.2007.098608.

[48] L. Yang, M.-J. Sun, J.-W. Liu, Q. Xu, Y. Yuan, IL-6-6331 (T/C, rs10499563) is as-
sociated with decreased risk of gastric cancer in Northern Chinese, Asian Pac. J.
Cancer Prev. 14 (2013) 7467–7472, https://doi.org/10.7314/apjcp.2013.14.12.
7467.

S. Salvador-Martín, et al. Pharmacological Research 149 (2019) 104478

8

https://doi.org/10.1111/iji.12160
https://doi.org/10.12998/wjcc.v6.i15.908
https://doi.org/10.1373/clinchem.2007.098608
https://doi.org/10.7314/apjcp.2013.14.12.7467
https://doi.org/10.7314/apjcp.2013.14.12.7467

	Genetic predictors of long-term response and trough levels of infliximab in crohn’s disease
	Introduction
	Material and methods
	Patients and study design
	Sample size
	Single nucleotide polymorphisms selection
	DNA isolation and genotyping
	Trough IFX levels
	Statistical analysis
	Ethical considerations

	Results
	Patients’ characteristics
	DNA variants associated with long-term response to IFX
	DNA variants associated with trough serum IFX level

	Discussion
	Conclusion
	mk:H1_16
	Acknowledgments
	Supplementary data
	References




