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Abstract: Inflammatory Bowel Disease (IBD) comprises a group of disorders, in particular Crohn’s
disease (CD) and ulcerative colitis (UC), characterized by chronic inflammation affecting the gas-
trointestinal tract. The treatment of these conditions is primarily based on anti-inflammatory drugs,
although the use of biological drugs with lower side effects quickly increased in the last decade. How-
ever, the presence of certain polymorphisms in the population may determine a different outcome in
response to therapy, reflecting the heterogeneity of the efficacy in patients. Considering that several
studies showed important correlations between genetic polymorphisms and response to biological
treatments in IBD patients, this systematic review aims to summarize the pharmacogenetics of
biologicals approved for IBD, thus highlighting a possible association between some polymorphisms
and drug response. With this purpose, we reviewed PubMed papers published over the past 21 years
(2000–2021), using as the search term “drug name and IBD or CD or UC and polymorphisms” to
underline the role of pharmacogenetic tests in approaching the disease with a targeted therapy.

Keywords: Inflammatory Bowel Disease; Crohn’s disease; ulcerative colitis; infliximab; adalimumab;
vedolizumab; ustekinumab; polymorphism

1. Introduction

Inflammatory Bowel Diseases (IBDs) are a group of inflammatory disorders of the
gastrointestinal tract, with Crohn’s disease (CD) and ulcerative colitis (UC) being the most
widely represented types. IBD can begin at any age and regardless of sex, but the most im-
portant peak of onset is concentrated between 15 and 45 years, although a second peak can
be found at a later, elderly age. These are severely invalidating conditions, and the incidence
is progressively increasing, enough to be considered a global healthcare problem [1–3].

IBDs are diseases of unknown cause arising spontaneously, although an aberrant
dysregulation of the immune response toward commensal and nonpathogenic antigens
normally found in the gut is the prevailing pathogenic hypothesis [4]. This might be
ascribed to the individual genetic susceptibility and/or to microbiomic and environmental
factors. An altered interaction between the host and the microbes results in an immunolog-
ical imbalance which promotes the production of autoreacting cell clones [4,5]. Particularly,
the activation of molecular pathways such as Nuclear Factor Kappa-B (NF-κB), Mitogen
Activated Protein Kinase (MAPK), and Tumor Necrosis Factor-α (TNF-α) causes activation
of effector T cells and massive production of pro-inflammatory molecules as Interleukin
12 (IL-12) and IL-23, and interferon γ (IFN-γ). Consequently, the continuous activation
of the macrophage-T lymphocyte axis in an autocrine manner, results in lymphocyte ac-
cumulation, increased interaction between endothelial adhesion molecules and integrins,
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and epithelial disruption [6–8]. This epithelial damage stimulates fibroblast release of
metalloproteases that by degrading the connective tissue, promote ulcer formation [9].

Up to date, there is no definitive therapy for IBDs and, generally, the severity of the
disease drives towards the most appropriate therapeutic approach. The main treatment
options aim to reduce intestinal inflammation, to relieve symptoms, to keep the disease in
remission and prevent its acute exacerbations. Indeed, pharmacological therapy for these
disorders involves aminosalicylates, corticosteroids, and immunosuppressants [10]. How-
ever, although knowledge of the pathophysiology of IBDs has not been fully elucidated,
significant advances have allowed the development of new and more promising therapies
with lower side effects. For example, the development of biological agents allowed to target
single steps in the immune cascade, to modulate the underlying inflammatory mechanism.

Targeting TNF-α reflects its importance in mediating the T-lymphocyte-driven im-
mune response, and the use of monoclonal antibodies to neutralize TNF-α interfere with
the inflammatory response and decrease the frequency of flare-ups in two-thirds of patients
with moderate and/or severe CD [11] and UC [12]. Anti-TNF therapies that have been
used in the clinical setting of IBD include infliximab, adalimumab and golimumab [13],
all with distinct pharmacodynamic profiles and variable efficacy [14,15]. These agents
improved both remission and maintenance, especially for patients with CD. However,
approximately one-third of IBD patients are either nonresponsive or lost treatment efficacy
over time, and genetic factors are responsible for this inability. Improvements in genetic
characterization techniques and genome-wide association studies (GWASs) allowed the
identification of genetic variants which could influence the development of the disease, the
response to treatment, and the development of adverse effects [16].

Several studies showed that some single nucleotide polymorphisms (SNPs) in the gene
encoding TNF-α itself can influence the anti-TNF response in patients with IBD. TNF-α is
known to be associated with an increased risk of developing IBD. Therefore, several stud-
ies demonstrated an association between polymorphisms and different pharmacological
responses to treatments, although some results appear to be controversial [17–19]. Same
studies investigated the role of TNF Receptor 1 (TNFR1) and 2 (TNFR2) in the response to
anti-TNF. These proteins are encoded from TNF-α receptor superfamily 1A (TNFRSF1A)
and TNF-α receptor superfamily 1B (TNFRSF1B) genes, and mediate pro-apoptotic and
pro-inflammatory responses when bound by TNF-α, thus regulating the correct functioning
of the immune system [20]. Indeed, it is known that mutations in these genes are related to
the development of some autoimmune diseases, including CD and UC [8,21].

Genes encoding proteins that are implicated in the immune response have been a
further research target to evaluate responses to anti-TNF agents. For example, Nucleotide-
Binding Oligomerization Domain containing protein-2 (NOD2), also known as Caspase
Recruitment Domain-containing protein 15 (CARD15) gene, is able to control the innate
immune system by functioning as a Pathogen Recognizing Receptor (PRR), subsequently
influencing TNF-α expression [22–24]. Therefore, its variants could regulate the response
to anti-TNF-α therapies. Another protein-coding gene which plays an important role in
the recognition of pathogens molecular patterns is Toll Like Receptor 4 (TLR4), renowned
for its implication in the pathogenesis of IBD [25]; recent findings have also highlighted a
role for the CD14 gene for its protective effect of IBD, because it acts as an orchestrator of
the intestinal mucosal barrier homeostasis [26]. Moreover, polymorphisms affecting the
levels of pro-and anti-inflammatory cytokines can influence the pathophysiology of IBD.
For this reason, various mutations upon cytokines genes, especially IL-1β, IL-1RA, IL-6,
IL-11, IL-13, IL-17, and IL-27 have been investigated.

Additional emphasis was laid on genes involved in apoptosis and autophagy for
their involvement in response to TNF-inhibitors, which affects the inflammatory immune
response in IBD [27]. Among these genes, Fas and Fas-ligand (FasL) are particularly
important in the downregulation of immunological processes [28]. As a matter of fact,
an increased expression of FasL in the lamina propria lymphocytes contributes to the
mucosal injury in UC. Another gene whose variants may affect treatment response is
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Caspase-9 (CASP9) encoding for the homonymous protein that is an initiator of apopto-
sis. Furthermore, some mutations of Autophagy-Related 16-like 1 (ATG16L1) gene, an
essential component of the autophagic pathways [29], have been reported to relate with
the development of IBD, particularly CD [30]. For all the mentioned reasons, variants in
these latter described genes have been studied for any implication with clinical responses
to anti-TNF agents.

Other newly approved targets to treat IBD are the p40 subunit of IL-12 and IL-23.
Ustekinumab is a monoclonal antibody against IL-12 and IL-23 approved for the treatment
of several autoimmune disorders, including CD, which induced response already after
8 weeks and maintained clinical benefits up to 52 weeks after treatment [31,32]. Ultimately,
a new therapeutic agent used to treat IBDs aims to block the action of integrins to inhibit
leukocyte trafficking at the inflammatory site, thus reducing their activities and preventing
the elevated inflammatory response. Therefore, vedolizumab, a fully humanized mono-
clonal antibody against α4β7 integrin, was approved for the treatment of adult patients
with moderate-to-severe active CD and UC [33,34].

To understand the role of pharmacogenetics in the treatment of IBDs we reviewed
the current literature in order to provide a basis for a proper use of biological therapies in
IBD patients.

2. Methodology
2.1. Search Strategy

Studies were identified, screened and extracted for relevant data following the PRISMA
(Preferred Reporting Items for Systematic Reviews and Meta-Analyses) guidelines. Liter-
ature search, title, abstract and full text screening were conducted independently by RL
and GP. PubMed was used to retrieve articles published in the last 21 years (2000–2021)
and search terms were “infliximab and polymorphism and Crohn’s disease”, “infliximab
and polymorphism and ulcerative colitis”, “adalimumab and polymorphism and Crohn’s
disease”, “adalimumab and polymorphism and ulcerative colitis”, “ustekinumab and poly-
morphism and Crohn’s disease”, “ustekinumab and polymorphism and ulcerative colitis”,
“vedolizumab and polymorphism and Crohn’s disease”, “vedolizumab and polymorphism
and ulcerative colitis”, “golimumab and polymorphism and ulcerative colitis”.

2.2. Inclusion and Exclusion Criteria

Papers that fulfilled the following inclusion criteria were included: articles on adults
or pediatric patients of any gender and ethnicity receiving one of the biological agents
used in IBD treatment independently from difference efficacy in drug response. Irrelevant
studies were excluded if: (i) biological agents were used to treat other diseases, (ii) articles
were written in a language other than English, (iii) papers with unspecified genotypes.

2.3. Extraction of Relevant Data, Quality and Risk of Bias Assesment

Relevant data was extracted and compared through a data extraction sheet. Extraction
procedure was conducted by DA and GS. Extracted data included (i) disease, (ii) number
of patients, (iii) polymorphic locus, (iv) biological agent, (v) clinical effects, (vi) duration of
the study. Missing data entries were marked with N/A (not applicable).

The quality of the studies was assessed using the Newcastle–Ottawa Score for the
observational studies [35] and the Cochrane Risk of Bias tool for the RCTs [36].

3. Results
3.1. Systematic Review

A number of 153 results were retrieved from Pubmed, and 116 papers were included
in title and abstract screening after duplicates were removed. No records were marked as
ineligible by automation tools nor other records were removed for other reasons in this
phase. Overall, 116 articles were screened, and a total of 30 studies were included for data
extraction (Figure 1). The included studies represented a wide range of polymorphisms
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that could influence biological treatment in IBD, such as in TNF-α and TNFR1/2 genes
(n = 15), in innate immunity related genes (n = 9), in apoptosis and autophagy genes (n = 4),
and in PTPN2 gene (n = 2).
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3.2. Polymorphisms of TNF-α and TNFR1/2 Genes

Promoter-level polymorphisms in TNF-α gene, often associated with increased cy-
tokine secretion, would appear to be a plausible explanation for the inefficiency of anti-TNF
treatment [37,38]. In particular, TNF -308 (rs1800629) polymorphism has been associated
with a modulated secretion of the cytokine, where a minor allele (A) is considered a po-
tent transcriptional activator which enhances TNF-α production, compared with a more
common allele (G), therefore promoting a worse clinical response to infliximab or adal-
imumab [38]. Balog et al., instead, conducted a study in 14 patients affected by chronic
active CD and unresponsive to infliximab therapy, confirming the role of the A allele
in rs1800629 polymorphism in the induction of a non-responder profile [39]. Similar
consequences have also been reported in a prospective cohort study with 121 patients
recruited, with 21 of them being non-responders to infliximab treatment: the presence
of the A allele in TNF-α -308 gene was associated with three-fold higher odds of being a
non-responder (p = 0.049) [40]. Moreover, in 82 Spanish CD and UC patients, an increased
frequency of the A allele was found within non-responder patients (p < 0.05). This would
highlight the role of the A nucleotide as responsible for the clinical ineffectiveness of
anti-TNF-α therapy [41], but in another study on 236 CD patients from Belgium no signifi-
cant difference has been highlighted between responders and non-responders regardless
of -308 polymorphisms [42].

Another TNF-α variant, in position -238, rs361525, has been profoundly studied
for its incidence in response to anti-TNF agents, in a meta-analysis comprehensive of
532 studies. In this case, the presence of the G allele, considered a common allele, has been
associated with a positive response to these agents in the overall population (p = 0.011) and
in Caucasians (p = 0.016). Moreover, in the same study, a positive correlation between the
TNF-α -308 G allele and response to TNF-α inhibitors was found (p = 0.0001) [43].
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Furthermore, the overall assessment between a common C allele versus a minor
T allele in the TNF-α -857 polymorphism, rs1799724, was also estimated. Patients with the
-857 C common allele showed a better response to TNF-α inhibitors than those having the
minor allele (p = 0.003) [43]. In a total of 121 Japanese CD patients, a decrease in response
to infliximab therapy in patients with the minor (T) allele of TNF-α -857 compared with the
more common (C) allele has been demonstrated [44]. However, another study found no
association between the presence of all the previous polymorphisms and clinical response
to anti-TNF-α agents in CD and UC patients [45]. Same conclusions were obtained studying
-238 G/A, -308 G/A, and -857 C/T polymorphism in the promoter region of TNF-α in a
Greek cohort of 79 adults and 27 children with CD [46].

Polymorphisms in the TNF-α receptor genes can influence anti-TNF-α treatment
response among patients affected with IBD. However, some data regarding the impact of
certain polymorphisms in these genes are divergent. For example, in a study where two
cohorts from independent and prospective clinical trials were investigated different SNPs
upon TNFRSF1A and TNFRSF1B were studied, and no significant association with the
clinical response was found [47]. Moreover, other studies found that some TNF-α receptors
polymorphisms could change the serum C-reactive protein (CRP) level, influencing the bio-
logical response. Specifically, in 344 CD patients and 152 UC patients, along with a group of
141 healthy volunteers, the prevalence of TNFR1 A36G and TNFR2 T587G polymorphisms
were studied, since they were not studied in UC yet. However, even if the TNFR2 T587G
allele was more frequently found in patients affected with UC, it was confirmed that these
polymorphisms could not be considered as predictors of clinical response to the treatment,
on the other hand, a lower biological response was seen in patients carrying the TNFR1
A36G polymorphism [48]. In a population of 121 Japanese patients in maintenance therapy
with infliximab, the presence of the polymorphisms rs767455, rs976881, and rs1061622
was not statistically significant to prove their involvement in the response to infliximab
maintenance therapy [44].

In a study on 104 subjects, 54 with CD and 50 healthy controls, the frequencies of some
SNPs in TNFRS1A (rs4149584, rs767455, rs4149579) and 1B (rs1061622, rs1061624, rs3397)
were analyzed. The results demonstrated a higher frequency of rs767455, rs1061624, and
rs3397 polymorphisms in CD patients compared to controls (p < 0.05), with a downregu-
lated expression of their corresponding genes, consistent with the downregulation of the
receptors in CD patients [41].

The efficacy of anti-TNF-α inhibitors was also studied in 81 CD patients, where
TNFRSF1A and TNFRSF1B polymorphisms rs767455, rs4149570, rs1061622, rs1061624,
and rs3397 were analyzed. The presence of the G allele of the rs767455 polymorphism
was associated with a reduced effect of infliximab, compared with the AA genotype
(p < 0.01) [49]. In addition, the rs767455, rs1061622, rs1061624, and rs3397 polymorphisms
were also analyzed in 297 CD patients from 7 centers around Spain. The frequency of the A
allele in rs1061624 polymorphism was higher in non-responders (p = 0.02), while the CC
genotype in the rs3397 was significantly higher in responders [50].

Furthermore, an observational cohort study conducted on 124 Caucasian CD patients
under infliximab maintenance therapy showed that presence of the minor TNFRSF1B
rs976881 allele was a negative predictor of efficacy (p = 0.014), especially in homozygosity
(p = 0.006). Differently, the rs1061622 polymorphism positively influenced the response to
infliximab (p = 0.014), also during maintenance therapy (p = 0.007) [51].

In summary, treatments are affected mainly by the presence of the A allele in -308
TNF-α disregarding of the anti-TNF used. Moreover, the presence of the G allele on
TNFRSF1A was also associated with a poor response of treated patients, suggesting that a
pre-evaluation could be useful for prescribing the most appropriate drug, according to the
patient’s genetic profile (Table 1).
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Table 1. Summary of studies on pharmacogenetics of anti-TNF treatment in IBD, focusing on the TNF-α and TNFR genes.

Study Number of Patients Polymorphic Locus Biological Agent Clinical Effects

Netz et al., 2017
[40] 121 TNF-α rs1800629 Infliximab

The A allele in
rs1800629 was

associated with a
poor response

López-Hernández et al., 2014
[41] 82 TNF-α rs1800629 Infliximab

The A allele in
rs1800629 was

associated with a
poor response

Balog et al., 2004
[39] 14 TNF-α rs1800629 Infliximab

The A allele in
rs1800629 was

associated with a
poor response

Song et al., 2015
[43] 476

TNF-α rs1800629
TNF-α rs361525
TNF-α rs1799724

Infliximab,
Adalimumab

The G allele in
rs1800629

and in rs361525 and the
C allele in rs1799724

were associated with a
better response

Matsuoka et al., 2018
[44] 121 TNF-α rs1799724 Infliximab

The T allele in
rs1799724 was

associated with a poor
response

Pierik et al., 2004
[48] 637 TNFRSF1A rs767455 Infliximab

The G allele in rs767455
was associated with a

poor response

Matsukura et al., 2008
[49] 81 TNFRSF1A rs767455 Infliximab

The G allele in rs767455
was associated with a

poor response

Medrano et al., 2014
[50] 297 TNFRSF1B rs1061624

TNFRSF1B rs3397 Infliximab

The A allele in
rs1061624 is associated

with non-response,
while the CC genotype
in rs3397 is associated
with a better response

Steenholdt et al., 2012
[51] 124 TNFRSF1B rs1061624

TNFRSF1B rs976881 Infliximab

The G allele in the
rs1061624 is associated
with a better response,

while C allele in
rs976881 is associated
with a poor response

3.3. Polymorphisms on Innate Immunity Related Genes

Another gene identified as a susceptibility gene for the development of IBDs is the
NOD2/CARD15 gene [23,52]. Three main variants (rs2066844, rs2066845, rs41450053) that
are known to act as major genetic risk factor for CD have been investigated in relation to
the efficacy of anti-TNF-α agents. In a cohort study with infliximab-treated 245 CD patients,
with 45 non-responders, the 3 main variants in NOD2/CARD15 resulted as not predictive
of response to infliximab [53]. Another study, on 24 patients treated with adalimumab,
from a cohort of 165 CD patients, found no significative association between the same
main variants in the NOD2/CARD15 gene and response to adalimumab [54]. These results
were confirmed by other prospective clinical trials, for instance Mascheretti et al. included
a total of 534 patients from two multicenter clinical trials to investigate an association
between NOD2/CARD15 variants in response to infliximab. However, the NOD2/CARD15
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genotype distribution was not different between responders and non-responders, therefore
its role as predictor for clinical efficacy of infliximab has been excluded [55]. Moreover,
a meta-analysis was performed on a total of 355 patients treated with either infliximab
and/or adalimumab, confirming that NOD2/CARD15 mutations were not associated with
response to TNF-inhibitors. Ultimately, it is thought that polymorphisms in this gene are
not predictive of non-responsiveness to anti-TNF-α therapy [56].

Also TLR-4 and CD14 genes have been investigated for their possible involvement
in response to anti-TNF therapies. To investigate the possible role of TLR-4 and CD14
polymorphism in the response to adalimumab, 24 patients, from a cohort of 165 CD
subjects, were studied. TLR4 896 A/G and CD14 -260 C/T SNPs were screened, without,
however, finding any relationship between their occurrence and the impact of treatment
response [54]. Same conclusions were drawn by Walczak et al., who studied 107 CD
Polish patients treated with infliximab and adalimumab [57]. However, more recently, in
587 CD and 458 UC Danish patients, TLR4 rs5030728 and rs1554973 polymorphisms were
considered as predictors for the response to therapy [58].

A target molecule in anti-TNF therapy is IL-1β, thus the presence of the rs1143634
polymorphism was assayed in 47 patients with either CD or UC. The results showed that
this mutation was related to higher serum IL-1β levels, possibly correlated with a decreased
response to infliximab therapy [45]. Likewise, a polymorphism upon the gene encoding
IL-1-receptor antagonist (IL-1RA), rs4251961, was associated with a poor response in
patients with CD and UC (p = 0.049) [58]. On the other hand, the polymorphism rs4848306,
resulting in reduced IL-1β circulating levels, enhanced the beneficial response to infliximab
in IBD patients [59].

Reduced IL-6 expression due to the polymorphism rs10499563 was borderline asso-
ciated (p = 0.05) with beneficial response in the combined study of 482 CD and 256 UC
Danish patients [58].

As for other cytokines that may be affecting the response to these therapies, some
studies have investigated the role of IL-11, IL-13, IL-17 and IL-27. In 103 Japanese patients,
five SNPs in IL17A, eight in IL17RA and two in IL17RC were genotyped. A G/G genotype
of rs766748 polymorphism was associated with a beneficial response after a year of treat-
ment. However, none of the other polymorphisms was associated with clinical response
to infliximab [60].

In summary, the G allele in rs5030728, the T allele in rs1554973, the C allele in
rs10499563 and the A allele in rs4848306 were associated with a better response to in-
fliximab. On the other hand, the C allele in rs1143634 was associated with a poor response
to infliximab, suggesting that a pharmacogenetic pre-evaluation of patients could be useful
for a targeted treatment of IBD patients (Table 2).

3.4. Polymorphisms on Apoptosis and Autophagy Genes

Apoptosis and autophagy genes, such as FASL, CASP9 and ATG16L1, have been
studied to evaluate primary responses to anti-TNF-α therapy [61]. In a cohort of 287 CD
patients treated with infliximab, the FasL gene polymorphisms in position -843 and the
caspase-9 in position 93 have been associated with a positive response to infliximab treat-
ment. Especially, the FasL -843 C/C or C/T genotype have been associated with a better
response compared to T/T genotype (p = 0.002) [62]. Moreover, in the same study, pa-
tients carrying the caspase-9 93 T/T genotype showed a positive response to the therapy
(p = 0.04), compared to C/C or C/T genotype [62]. A polymorphism in the ATG16L1 gene,
rs10210302, was analyzed in 102 Slovenian CD patients administered with adalimumab.
After 12 weeks of treatment, patients with C/T and T/T genotype showed a biological re-
sponse to adalimumab, while the patients carrying the C/C genotype were not responders
(p = 0.0008). Moreover, the presence of rs10210302, was associated with a better response to
adalimumab even after 20 (p = 0.004) and 30 weeks (p = 0.04) [63]. Furthermore, in a study
conducted on 94 pediatric CD and UC patients, the presence of the T allele in rs2241880 was
associated with a poor response to infliximab and adalimumab treatment [64]. In summary,
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the presence of the C allele in rs763110 and in rs10210302 was associated with a better
response to infliximab and adalimumab. On the other hand, the T allele in rs2241880 was
associated with a poor response in IBD patients treated with infliximab and adalimumab
suggesting that a pharmacogenetics pre-evaluation could be useful to improve the efficacy
of these biological treatments in IBD patients (Table 3).

Table 2. Summary of studies on pharmacogenetics of anti-TNF treatment in IBD, focusing on the innate immunity-related genes.

Study Number of Patients Polymorphic Locus Biological Agent Clinical Effects

Bank et al. 2019
[58] 1045

TLR4 rs5030728
TLR4 rs1554973
IL-6 rs10499563

IL-1RA rs4251961

Infliximab

The G allele in
rs5030728, the T allele
in rs1554973 and the C

allele in rs10499563
were associated with a
better response, while

the C allele in rs4251961
was associated with a

poor response

Lacruz-Guzmán et al., 2013
[45] 47 IL-1β rs1143634 Infliximab

The C allele in
rs1143634 was

associated with a
poor response

Bank et al., 2014
[59] 738 IL-1β rs4848306 Infliximab

The A allele in
rs4848306 was

associated with a
better response

Urabe et al., 2015
[60] 103 IL-17 rs766748 Infliximab

The G/G genotype in
rs766748 was

associated with a
better response

Table 3. Summary of studies on pharmacogenetics of anti-TNF treatment in IBD, focusing on the autophagy and apoptosis
related genes.

Study Number of Patients Polymorphic Locus Biological Agent Clinical Effect

Hlavaty et al., 2005
[62] 287 FasL rs763110

Caspase-9 rs4645983 Infliximab

The C/C and C/T
genotypes in rs763110
and the T/T genotype

in rs4645983 were
associated with a
better response

Koder et al., 2015
[63] 102 ATG16L1 rs10210302 Adalimumab

The C/T and T/T
genotypes in

rs10210302 were
associated with a
better response

Dubinsky et al., 2010
[64] 94 ATG16L1 rs2241880 Infliximab,

Adalimumab

The C/T and T/T
genotypes in rs2241880
were associated with a

poor response
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3.5. Pharmacogenetics of Anti-IL-12 and Anti-IL-23 Agents

Ustekinumab is an agent used in patients with moderate-to-severe CD that has been
shown to have a significant clinical response. To the best of our knowledge, we found
only one study investigating the role of SNPs upon the Protein Tyrosine Phosphatase Non-
Receptor Type 2 (PTPN2) gene which could interfere with the response to anti-IL-12 and
IL-23 therapy. The presence of SNPs on its locus is associated with chronic inflammatory
conditions [65], therefore the role of rs2542151and rs7234029 polymorphisms was studied
in an uncontrolled monocentric retrospective observational study including 379 patients
with moderate-to-severe CD. An association between non-responders to this treatment and
the presence of rs7234029 polymorphism was found.

In summary, the role of this polymorphism should be further investigated as a poten-
tial biomarker for response to ustekinumab.

3.6. Pharmacogenetics of Anti-Integrin Agents

Vedolizumab is a humanized immunoglobulin G1 monoclonal antibody to α4β7
integrin which modulates lymphocyte trafficking and therefore should decrease the inflam-
matory response in IBD patients. To date, there are no studies examining the associations
between SNPs and treatment outcome of IBD patients with this biological drug.

4. Discussion and Future Perspectives

IBD comprises a heterogeneous group of subtypes with different molecular charac-
teristics. Several genetic biomarkers were associated with anti-TNF-α treatment response
in IBD and, generally, interpretation of genetic information in a meaningful way may be
difficult [66]. The value of different genomic biomarkers has been evaluated, particularly
those which may impact anti-TNF-α drug response, finding that not only the functional
polymorphisms of TNF-α and TNFR could play a key role to the response following medi-
cal treatment, but also polymorphisms in cytokine and immune pathways. Despite they
cannot be completely considered predictive biomarkers since they need to be validated in
larger cohort of patients, genetic biomarkers generally hold the advantage of not changing
over time and some of them seem very promising for future clinical practice.

Therefore, association between SNPs and response to biological treatment in IBDs
was investigated by numerous pharmacogenetics studies, finding a linkage between some
SNPs and response to biological therapy. In this systematic review, genetic polymorphisms
associated with treatment outcome in IBD patients undergoing biological therapy, have
been examined to suggest potential pharmacogenetics approach for predictive benefits.
To date, there is no recommendation regarding the search for polymorphisms of genes
involved in the pathogenesis of IBD as part of therapeutic optimization.

Our methodological evaluation suggests the use in clinical practice of some polymor-
phisms of interest in IBD patients. Particularly, polymorphisms on TNF-α and TNFR genes,
such as the rs1800629, were associated with a poor response, as well as the rs1799724,
rs767455, rs1061624 and rs976881. Contrarily, other polymorphisms in these genes have
been associated with a better response, such as rs361525 and rs3397.

Most of the polymorphisms on innate immunity genes did not show any correlation
with the clinical response; however, TLR4 rs5030728, rs1554973, IL-1β rs4848306 and IL-17
rs766748 (GG genotype) polymorphisms were associated with a better response, while the
IL-1β rs1143634 polymorphism was related to a poor response.

Moreover, among autophagy and apoptosis related genes, we found that FasL rs763110,
Caspase-9 rs4645983 and ATG16L1 rs10210302 polymorphisms were associated with a
better response; on the other hand, ATG16L1 rs2241880 polymorphism was correlated
to a poor response. Finally, the role of polymorphisms interfering with the activity of
biologicals targeting IL-12 and IL-23 was also assessed despite only one study associated
the PTPN2 rs7234029 polymorphism with Ustekinumab non-responders.

However, in this systematic review some limitations and biases are present: for in-
stance, environmental factors such as nutrition, lifestyle, and other medication that may
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interact with genetic susceptibility were not considered. Moreover, the monitorization time,
differences between populations, genetic heterogeneity and gene-gene interactions were
not taken into account. Likewise, potential statistical errors in the analyzed studies may
affect the results. Considering that the included studies were heterogenous for some charac-
teristics (ethnicity, biological used, type of IBD), a possible bias can be ascribed. Moreover,
some inevitable publication bias might exist in the results because only published studies
were retrieved; as a matter of fact, preprint servers, other registries/results database (such
as ClinicalTrials.gov and the International Clinical Trials Registry Platform) were not used
and the search was limited to studies published in academic journals. We tried to exclude
potentially overlapping data, however we may have missed some overlapping data or un-
intentionally excluded non-overlapping data. Moreover, the severity of disease activity in
patients included in studies investigated may have differed between the studies, therefore
this may have introduced other biases that have not been accounted for. Furthermore, we
cannot exclude that associations were not found because of low statistical power in some
studies included in our investigation.

However, this systematic review also carries strengths: we evaluated numerous
polymorphisms which might modify the efficacy of all biological drugs approved for the
management of IBD, providing a broad pharmacogenetic overview of current biological
treatment for IBD. Moreover, all the candidate genes that were included in our investigation,
having a known biological effect, allowed a logical interpretation of the observed effects.
As a matter of fact, our study highlights associations between treatment responses and
specific alleles based on a strong biological or clinical effect.

In conclusion, from the clinical perspective, improving TNF-α, TNFR and IL-1 phar-
macogenetics would be the most suitable way to move towards a targeted therapy for
IBDs, even if bias such as ethnicity and different kinds of biological agents used should be
considered. Pre-treatment patients genotyping should be incorporated into clinical IBD
management guidelines, as it is the most appropriate strategy to select the most suitable
biological drug for an individual patient. Finally, clinical implementation of pre-treatment
genetic tests could be achieved by investigating the role of target genes which could inter-
fere with the action of other biologicals apart from TNF-α inhibitors, in order to identify
more predictive genetic variants.
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Peripheral Blood Lymphocytes in Crohn’s Disease and Ulcerative Colitis. Medicina 2019, 55, 231. [CrossRef]

28. Volpe, E.; Sambucci, M.; Battistini, L.; Borsellino, G. Fas–Fas Ligand: Checkpoint of T Cell Functions in Multiple Sclerosis. Front.
Immunol. 2016, 7, 382. [CrossRef]

29. Gammoh, N. The Multifaceted Functions of ATG16L1 in Autophagy and Related Processes. J. Cell Sci. 2020, 133, jcs249227.
[CrossRef] [PubMed]

30. Salem, M.; Ammitzboell, M.; Nys, K.; Seidelin, J.B.; Nielsen, O.H. ATG16L1: A Multifunctional Susceptibility Factor in Crohn
Disease. Autophagy 2015, 11, 585–594. [CrossRef] [PubMed]

31. Sands, B.E.; Sandborn, W.J.; Panaccione, R.; O’Brien, C.D.; Zhang, H.; Johanns, J.; Adedokun, O.J.; Li, K.; Peyrin-Biroulet, L.;
Assche, G.V.; et al. Ustekinumab as Induction and Maintenance Therapy for Ulcerative Colitis. N. Engl. J. Med. 2019, 381,
1201–1214. [CrossRef]

32. Kashani, A.; Schwartz, D.A. The Expanding Role of Anti–IL-12 and/or Anti–IL-23 Antibodies in the Treatment of Inflammatory
Bowel Disease. Gastroenterol. Hepatol. (N. Y.) 2019, 15, 255–265.

33. Park, S.C.; Jeen, Y.T. Anti-Integrin Therapy for Inflammatory Bowel Disease. World J. Gastroenterol. 2018, 24, 1868–1880. [CrossRef]
[PubMed]

34. Scribano, M.L. Vedolizumab for Inflammatory Bowel Disease: From Randomized Controlled Trials to Real-Life Evidence. World J.
Gastroenterol. 2018, 24, 2457–2467. [CrossRef]

http://doi.org/10.1097/01.fpc.0000230117.26581.a4
http://www.ncbi.nlm.nih.gov/pubmed/17001292
http://doi.org/10.1016/j.bbamcr.2017.03.007
http://www.ncbi.nlm.nih.gov/pubmed/28322932
http://doi.org/10.1093/ibd/izy327
https://www.nejm.org/doi/10.1056/NEJM199905063401804
https://www.nejm.org/doi/10.1056/NEJM199905063401804
http://doi.org/10.1056/NEJMoa050516
http://www.ncbi.nlm.nih.gov/pubmed/16339095
http://doi.org/10.1016/j.cytogfr.2014.07.016
http://www.ncbi.nlm.nih.gov/pubmed/25169849
http://doi.org/10.3390/pharmaceutics12060539
http://doi.org/10.1097/MIB.0000000000000533
http://www.ncbi.nlm.nih.gov/pubmed/26348448
http://doi.org/10.1007/s00535-006-1995-7
http://doi.org/10.1136/bmj.39566.681458.BE
http://doi.org/10.3748/wjg.v20.i41.15037
http://www.ncbi.nlm.nih.gov/pubmed/25386052
http://doi.org/10.3109/00365521.2010.510575
http://doi.org/10.1053/gast.2000.18160
http://doi.org/10.1016/j.intimp.2015.05.049
http://www.ncbi.nlm.nih.gov/pubmed/26071216
http://doi.org/10.1074/jbc.M008072200
http://doi.org/10.1038/35079114
http://doi.org/10.1016/S1074-7613(01)00176-5
http://doi.org/10.3389/fimmu.2018.00072
http://www.ncbi.nlm.nih.gov/pubmed/29441063
http://doi.org/10.1016/j.ajpath.2017.01.012
http://doi.org/10.3390/medicina55060231
http://doi.org/10.3389/fimmu.2016.00382
http://doi.org/10.1242/jcs.249227
http://www.ncbi.nlm.nih.gov/pubmed/33127840
http://doi.org/10.1080/15548627.2015.1017187
http://www.ncbi.nlm.nih.gov/pubmed/25906181
http://doi.org/10.1056/NEJMoa1900750
http://doi.org/10.3748/wjg.v24.i17.1868
http://www.ncbi.nlm.nih.gov/pubmed/29740202
http://doi.org/10.3748/wjg.v24.i23.2457


Biomedicines 2021, 9, 1748 12 of 13

35. Wells, G.A.; Shea, B.; O’Connell, D.; Peterson, J.; Welch, V.; Losos, M.; Tugwell, P. The Newcastle-Ottawa Scale (NOS) for Assessing
the Quality of Nonrandomised Studies in Meta-Analyses; Ottawa Hospital Research Institute: Ottawa, ON, Canada, 2014.

36. Higgins, J.P.T.; Altman, D.G.; GÃ¸tzsche, P.C.; JÃ 1
4 ni, P.; Moher, D.; Oxman, A.D. The Cochrane Collaboration’s tool for assessing

risk of bias in randomised trials. BMJ 2011, 343, d5928. [CrossRef]
37. Bouma, G.; Crusius, J.B.A.; Pool, M.O.; Kolkman, J.J.; Blomberg, B.M.E.V.; Kostense, P.J.; Giphart, M.J.; Schreuder, G.M.T.;

Meuwissen, S.G.M.; Peña, A.S. Secretion of Tumour Necrosis Factor α and Lymphotoxin α in Relation to Polymorphisms in the
TNF Genes and HLA-DR Alleles. Relevance for Inflammatory Bowel Disease. Scand. J. Immunol. 1996, 43, 456–463. [CrossRef]
[PubMed]

38. Kroeger, K.M.; Carville, K.S.; Abraham, L.J. The −308 Tumor Necrosis Factor-α Promoter Polymorphism Effects Transcription.
Mol. Immunol. 1997, 34, 391–399. [CrossRef]

39. Balog, A.; Klausz, G.; Gál, J.; Molnár, T.; Nagy, F.; Ocsovszky, I.; Gyulai, Z.; Mándi, Y. Investigation of the Prognostic Value of
TNF-Alpha Gene Polymorphism among Patients Treated with Infliximab, and the Effects of Infliximab Therapy on TNF-Alpha
Production and Apoptosis. Pathobiology 2004, 71, 274–280. [CrossRef] [PubMed]

40. Netz, U.; Carter, J.V.; Eichenberger, M.R.; Dryden, G.W.; Pan, J.; Rai, S.N.; Galandiuk, S. Genetic Polymorphisms Predict Response
to Anti-Tumor Necrosis Factor Treatment in Crohn’s Disease. World J. Gastroenterol. 2017, 23, 4958–4967. [CrossRef]

41. López-Hernández, R.; Valdés, M.; Campillo, J.A.; Martínez-Garcia, P.; Salama, H.; Salgado, G.; Boix, F.; Moya-Quiles, M.R.;
Minguela, A.; Sánchez-Torres, A.; et al. Genetic Polymorphisms of Tumour Necrosis Factor Alpha (TNF-α) Promoter Gene
and Response to TNF-α Inhibitors in Spanish Patients with Inflammatory Bowel Disease. Int. J. Immunogenet. 2014, 41, 63–68.
[CrossRef]

42. Louis, E.; Vermeire, S.; Rutgeerts, P.; De Vos, M.; Van Gossum, A.; Pescatore, P.; Fiasse, R.; Pelckmans, P.; Reynaert, H.;
D’Haens, G.; et al. A Positive Response to Infliximab in Crohn Disease: Association with a Higher Systemic Inflammation before
Treatment but Not with -308 TNF Gene Polymorphism. Scand. J. Gastroenterol. 2002, 37, 818–824. [CrossRef]

43. Song, G.G.; Seo, Y.H.; Kim, J.-H.; Choi, S.J.; Ji, J.D.; Lee, Y.H. Association between TNF-α (-308 A/G, -238 A/G, -857 C/T)
Polymorphisms and Responsiveness to TNF-α Blockers in Spondyloarthropathy, Psoriasis and Crohn’s Disease: A Meta-Analysis.
Pharmacogenomics 2015, 16, 1427–1437. [CrossRef] [PubMed]

44. Matsuoka, K.; Hamada, S.; Shimizu, M.; Nanki, K.; Mizuno, S.; Kiyohara, H.; Arai, M.; Sugimoto, S.; Iwao, Y.; Ogata, H.; et al.
Factors Predicting the Therapeutic Response to Infliximab during Maintenance Therapy in Japanese Patients with Crohn’s
Disease. PLoS ONE 2018, 13, e0204632. [CrossRef] [PubMed]

45. Lacruz-Guzmán, D.; Torres-Moreno, D.; Pedrero, F.; Romero-Cara, P.; García-Tercero, I.; Trujillo-Santos, J.; Conesa-Zamora, P.
Influence of Polymorphisms and TNF and IL1β Serum Concentration on the Infliximab Response in Crohn’s Disease and
Ulcerative Colitis. Eur. J. Clin. Pharmacol. 2013, 69, 431–438. [CrossRef] [PubMed]

46. Papamichael, K.; Gazouli, M.; Karakoidas, C.; Panayotou, I.; Roma-Giannikou, E.; Mantzaris, G.J. Association of TNF and
FcγRIIIA Gene Polymorphisms with Differential Response to Infliximab in a Greek Cohort of Crohn’s Disease Patients. Ann.
Gastroenterol. 2011, 24, 35–40.

47. Mascheretti, S.; Hampe, J.; Kühbacher, T.; Herfarth, H.; Krawczak, M.; Fölsch, U.R.; Schreiber, S. Pharmacogenetic Investigation
of the TNF/TNF-Receptor System in Patients with Chronic Active Crohn’s Disease Treated with Infliximab. Pharm. J. 2002, 2,
127–136. [CrossRef]

48. Pierik, M.; Vermeire, S.; Steen, K.V.; Joossens, S.; Claessens, G.; Vlietinck, R.; Rutgeerts, P. Tumour Necrosis Factor-Alpha Receptor
1 and 2 Polymorphisms in Inflammatory Bowel Disease and Their Association with Response to Infliximab. Aliment. Pharmacol.
Ther. 2004, 20, 303–310. [CrossRef] [PubMed]

49. Matsukura, H.; Ikeda, S.; Yoshimura, N.; Takazoe, M.; Muramatsu, M. Genetic Polymorphisms of Tumour Necrosis Factor
Receptor Superfamily 1A and 1B Affect Responses to Infliximab in Japanese Patients with Crohn’s Disease. Aliment. Pharmacol.
Ther. 2008, 27, 765–770. [CrossRef]

50. Medrano, L.M.; Taxonera, C.; Márquez, A.; Barreiro-de Acosta, M.; Gómez-García, M.; González-Artacho, C.; Pérez-Calle, J.L.;
Bermejo, F.; Lopez-Sanromán, A.; Martín Arranz, M.D.; et al. Role of TNFRSF1B Polymorphisms in the Response of Crohn’s
Disease Patients to Infliximab. Hum. Immunol. 2014, 75, 71–75. [CrossRef] [PubMed]

51. Steenholdt, C.; Enevold, C.; Ainsworth, M.A.; Brynskov, J.; Thomsen, O.Ø.; Bendtzen, K. Genetic Polymorphisms of Tumour
Necrosis Factor Receptor Superfamily 1b and Fas Ligand Are Associated with Clinical Efficacy and/or Acute Severe Infusion
Reactions to Infliximab in Crohn’s Disease. Aliment. Pharmacol. Ther. 2012, 36, 650–659. [CrossRef]

52. Hugot, J.-P.; Chamaillard, M.; Zouali, H.; Lesage, S.; Cézard, J.-P.; Belaiche, J.; Almer, S.; Tysk, C.; O’Morain, C.A.; Gassull, M.; et al.
Association of NOD2 Leucine-Rich Repeat Variants with Susceptibility to Crohn’s Disease. Nature 2001, 411, 599–603. [CrossRef]

53. Vermeire, S.; Louis, E.; Rutgeerts, P.; De Vos, M.; Van Gossum, A.; Belaiche, J.; Pescatore, P.; Fiasse, R.; Pelckmans, P.;
Vlietinck, R.; et al. NOD2/CARD15 Does Not Influence Response to Infliximab in Crohn’s Disease. Gastroenterology 2002,
123, 106–111. [CrossRef] [PubMed]

54. Barreiro-de Acosta, M.; Ouburg, S.; Morré, S.A.; Crusius, J.B.A.; Lorenzo, A.; Potel, J.; Peña, A.S.; Domínguez-Muñoz, J.E. NOD2,
CD14 and TLR4 Mutations Do Not Influence Response to Adalimumab in Patients with Crohn’s Disease: A Preliminary Report.
Rev. Esp. Enferm. Dig. 2010, 102, 591–595. [CrossRef] [PubMed]

http://doi.org/10.1136/bmj.d5928
http://doi.org/10.1046/j.1365-3083.1996.d01-65.x
http://www.ncbi.nlm.nih.gov/pubmed/8668926
http://doi.org/10.1016/S0161-5890(97)00052-7
http://doi.org/10.1159/000080062
http://www.ncbi.nlm.nih.gov/pubmed/15459487
http://doi.org/10.3748/wjg.v23.i27.4958
http://doi.org/10.1111/iji.12059
http://doi.org/10.1080/gas.37.7.818.824
http://doi.org/10.2217/pgs.15.90
http://www.ncbi.nlm.nih.gov/pubmed/26244882
http://doi.org/10.1371/journal.pone.0204632
http://www.ncbi.nlm.nih.gov/pubmed/30286108
http://doi.org/10.1007/s00228-012-1389-0
http://www.ncbi.nlm.nih.gov/pubmed/22960943
http://doi.org/10.1038/sj.tpj.6500091
http://doi.org/10.1111/j.1365-2036.2004.01946.x
http://www.ncbi.nlm.nih.gov/pubmed/15274667
http://doi.org/10.1111/j.1365-2036.2008.03630.x
http://doi.org/10.1016/j.humimm.2013.09.017
http://www.ncbi.nlm.nih.gov/pubmed/24121042
http://doi.org/10.1111/apt.12010
http://doi.org/10.1038/35079107
http://doi.org/10.1053/gast.2002.34172
http://www.ncbi.nlm.nih.gov/pubmed/12105838
http://doi.org/10.4321/S1130-01082010001000005
http://www.ncbi.nlm.nih.gov/pubmed/21039068


Biomedicines 2021, 9, 1748 13 of 13

55. Mascheretti, S.; Hampe, J.; Croucher, P.J.P.; Nikolaus, S.; Andus, T.; Schubert, S.; Olson, A.; Bao, W.; Fölsch, U.R.; Schreiber, S.
Response to Infliximab Treatment in Crohn’s Disease Is Not Associated with Mutations in the CARD15 (NOD2) Gene: An
Analysis in 534 Patients from Two Multicenter, Prospective GCP-Level Trials. Pharmacogenetics 2002, 12, 509–515. [CrossRef]
[PubMed]

56. Wang, X.; Qin, L.; Cao, J.; Zhao, J. Impact of NOD2/CARD15 Polymorphisms on Response to Monoclonal Antibody Therapy in
Crohn’s Disease: A Systematic Review and Meta-Analysis. Curr. Med. Res. Opin 2016, 32, 2007–2012. [CrossRef]

57. Walczak, M.; Lykowska-Szuber, L.; Plucinska, M.; Stawczyk-Eder, K.; Zakerska-Banaszak, O.; Eder, P.; Krela-Kazmierczak, I.;
Michalak, M.; Zywicki, M.; Karlowski, W.M.; et al. Is Polymorphism in the Apoptosis and Inflammatory Pathway Genes
Associated with a Primary Response to Anti-TNF Therapy in Crohn’s Disease Patients? Front. Pharmacol. 2020, 11, 1207.
[CrossRef] [PubMed]

58. Bank, S.; Julsgaard, M.; Abed, O.K.; Burisch, J.; Broder Brodersen, J.; Pedersen, N.K.; Gouliaev, A.; Ajan, R.; Nytoft Rasmussen, D.;
Honore Grauslund, C.; et al. 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. 2019, 49, 890–903.
[CrossRef]

59. Bank, S.; Andersen, P.S.; Burisch, J.; Pedersen, N.; Roug, S.; Galsgaard, J.; Turino, S.Y.; Brodersen, J.B.; Rashid, S.;
Rasmussen, B.K.; et al. Associations between Functional Polymorphisms in the NFκB Signaling Pathway and Response
to Anti-TNF Treatment in Danish Patients with Inflammatory Bowel Disease. Pharm. J. 2014, 14, 526–534. [CrossRef]

60. Urabe, S.; Isomoto, H.; Ishida, T.; Maeda, K.; Inamine, T.; Kondo, S.; Higuchi, N.; Sato, K.; Uehara, R.; Yajima, H.; et al. Genetic
Polymorphisms of IL-17F and TRAF3IP2 Could Be Predictive Factors of the Long-Term Effect of Infliximab against Crohn’s
Disease. Biomed. Res. Int. 2015, 2015, 416838. [CrossRef]

61. Hlavaty, T.; Ferrante, M.; Henckaerts, L.; Pierik, M.; Rutgeerts, P.; Vermeire, S. Predictive Model for the Outcome of Infliximab
Therapy in Crohn’s Disease Based on Apoptotic Pharmacogenetic Index and Clinical Predictors. Inflamm. Bowel Dis. 2007, 13,
372–379. [CrossRef]

62. Hlavaty, T.; Pierik, M.; Henckaerts, L.; Ferrante, M.; Joossens, S.; van Schuerbeek, N.; Noman, M.; Rutgeerts, P.; Vermeire, S.
Polymorphisms in Apoptosis Genes Predict Response to Infliximab Therapy in Luminal and Fistulizing Crohn’s Disease. Aliment.
Pharmacol. Ther. 2005, 22, 613–626. [CrossRef]

63. Koder, S.; Repnik, K.; Ferkolj, I.; Pernat, C.; Skok, P.; Weersma, R.K.; Potočnik, U. Genetic Polymorphism in ATG16L1 Gene
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