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Abstract
Recently, the HLA-DQA1*05 (rs2097432) genetic variation has been reported to be linked to early In�iximab
(IFX) treatment failure in the Caucasian Crohn’s disease (CD) population, but that evidence is scarce in the
Asian population. This study aimed to investigate the relationship between rs2097432 and the cumulative
discontinuation-free time of IFX (IFX persistence) in 189 Japanese IFX-naiveCD patients. We also performed a
genome-wide association study (GWAS) to discover novel genetic predictors for IFX persistence. The
rs2097432 signi�cantly increased the risk of early discontinuation of IFX even after being adjusted by other
clinical parameters [Hazard ratio (HR) = 2.13 and P-value = 0.038]. In GWAS, one locus tagged by rs73277969,
located upstream of PPARGC1B, reached genome-wide signi�cance (HR = 6.04 and P-value = 7.93E-9). We
con�rmed the robust association of rs2097432 with IFX persistence regardless of the population. A novel
genetic factor for IFX persistence was also identi�ed using GWAS.

Introduction
Crohn’s disease (CD) is a chronic in�ammatory bowel disease. Patients with long-standing CD patients may
relapse and develop other GI complications, such as �stula, stenosis, or perforation, necessitating surgical
resection [1]. A patient’s e�ciency of life is decreased by repeated surgeries or hospitalizations. Because CD is
presently incurable, effective maintenance therapies can importantly enhance long-term prognosis after
remission induction.

Anti-tumor necrosis factor (anti-TNF) therapies have signi�cantly changed the CD therapeutic strategy
because of their high effectiveness for induction and maintenance therapy [2]. In�iximab (IFX), the �rst anti-
TNF therapy approved for the treatment of CD patients, is a chimeric monoclonal antibody that has revealed
promise in inducing and preserving remission in IBD and other immune-mediated disorders (mainly psoriasis,
rheumatoid arthritis, and ankylosing spondylitis) [3]. Despite the introduction of newer anti-TNF and more gut-
speci�c biologics, IFX remains widely prescribed due to its extensive safety pro�le and long history of use in
clinical practice [4].

However, 10–46% of IBD patients on anti-TNF treatment experience a loss of response (LOR) in the �rst year
of therapy [5]. LOR induces inescapable discontinuation of IFX treatment and complications leading to
surgeries. The causes of LOR are largely unknown; however, the immunogenicity of IFX, which induces anti-
drug antibody production in some patients, is a plausible explanation [6, 7]. Recognizing patients at an
increased risk of immunogenicity and early discontinuation of IFX will greatly affect the choice of therapy for
CD patients. Thus, several studies have aimed to identify prognostic factors for IFX treatment failure risk
including clinical, biochemical, and genomic variations [8–11]. Among these potential factors, the HLA-
DQA1*05 allele (rs2097432) has recently been recognized as a risk factor for immunogenicity and early
discontinuation of IFX and is being tested for clinical employment in Caucasian CD patients [12, 13]. On the
other hand, the allele frequency of rs2097432 differs substantially between Japanese and Caucasians
(approximately 10% vs. 30%), and the association of rs2097432 with IFX treatment has not been validated in
the Asian population, including the Japanese. Further clinical validations are critical to broaden the
implementation of rs2097432 for clinical practice, particularly in CD patients of non-Caucasian descendants
whose genetic pro�le differs from that of Caucasians [14, 15].
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In addition, unbiased genome-wide association research (GWAS) has revealed relationships between genetic
backgrounds and clinical response to several drugs, such as rs2097432. Recent pharmacogenomics research
in Asian patients with IBD showed a link between a genetic polymorphism of the Nudix hydrolase 15
(NUDT15) and the severe adverse effect of thiopurines [16]. Before these �ndings, NUDT15’s role in thiopurine
metabolism was unknown, suggesting the usefulness of the unbiased approaches in this �eld. Performing
GWAS to identify novel predictors for IFX failure in Japanese patients, which has never been found before, is
also an urgent issue.

This study primarily aimed to explore the association between rs2097432 and cumulative IFX discontinuation-
free rates in Japanese patients with CD. Furthermore, we conducted an unbiased genome-wide survival
analysis to identify the novel genetic factors associated with cumulative IFX discontinuation-free rates.

Materials And Methods

1. Study design
This was a single-center retrospective, observational cohort study. The study protocol was reviewed and
approved by the Tohoku University Hospital Ethics Committee (2020-1-608). All the patients provided written
informed consent. The research followed the Japanese Ministry of Health, Labor, and Welfare ethical
guidelines for medical and health studies in humans.

2. Subjects
From August 2002 to December 2020, we enrolled consecutive, self-reported Japanese CD patients who had a
history of treatment with IFX (Remicade®, Mitsubishi-Tanabe Pharma, Tokyo, Japan) at Tohoku University
Hospital. We excluded patients who did not receive the scheduled maintenance treatment within 8 weeks due
to either primary non-response or intolerance to the agents. Primary non-response was de�ned as a case
where IFX was stopped in the induction phase (�rst three administrations) due to a lack of or unsatisfactory
agent response. Intolerance was de�ned as a case where IFX was stopped because of an adverse event.

CD was diagnosed based on endoscopic, radiological, and/or histological �ndings, in patients who presented
with speci�c features as proposed by the Japanese Ministry of Health, Labor, and Welfare, such as
longitudinal ulcer, a cobblestone appearance, and noncaseous epithelioid cell granuloma.

This study included 189 patients with CD. All the patients had IFX treatment for the �rst time (IFX naive
patients). Clinical data of all enrolled patients were obtained from medical records. The time from the
introduction to the discontinuation of IFX because of LOR (IFX persistence) was calculated. Patients were
followed from the date of IFX treatment initiation to its discontinuation due to LOR or the end of their follow-
up. The reason for IFX discontinuation as speci�ed by the treating physician was recorded. The
discontinuation of IFX due to LOR was de�ned as the withdrawal of IFX due to loss of e�ciency as determined
by biochemical, clinical, and endoscopic data or the need for abdominal surgery related to CD progression.

3. Protocol of IFX administration
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IFX was administered to patients with moderate to severe CD, who had an active luminal or perianal disease.
There was no indication for IFX in patients with CD who had severe stenosis or internal �stulas; these
complications were �rst treated surgically. During the induction phase of IFX treatment, 5 mg/kg of the drug
was administered at weeks 0, 2, and 6. Then, every 8 weeks, 5 or 10 mg/kg of IFX was administered as
maintenance therapy.

4. Clinical factors investigated in this analysis
The clinical factors investigated were: gender, age at diagnosis (< 21 or ≥ 21 years), duration of the disease at
the start of IFX therapy (< 7 or ≥ 7 years), BMI at the start of IFX therapy (< 19 or ≥ 19), disease location (ileal,
ileocolonic, or colonic), disease behavior (in�ammation, stenosis, or �stula), presence of perianal disease
(perianal �stulas and abscess, anal ulcers and stenosis), history of intestinal resection, smoking at the start of
IFX, concomitant elemental diet (< 900 or ≥ 900 kcal/day), concomitant thiopurine use, serum albumin levels
at the start of IFX therapy (< 3.7 or ≥ 3.7 g/dl), and CRP levels at the start of IFX therapy (< 0.6 or ≥ 0.6 mg/dl).
Median values in our cohort for disease duration, age at diagnosis, BMI, serum albumin, and CRP levels at the
start of IFX therapy were employed as the cut-off values.

5. Genotyping and quality control
Standard phenol-chloroform extraction precipitation was used to isolate peripheral blood leukocyte genomic
DNA using the PAX gene DNA Kit (BD Bioscience, Franklin Lakes, NJ, USA) or the NA1000 Automated Nucleic
Acid Extraction Machine (Kurabo, Osaka, Japan). The Japonica Array V1 (Thermo Fisher, Tokyo, Japan), a
single nucleotide polymorphism (SNP) array designed speci�cally for Japanese individuals [17], was
employed to conduct GWAS genotyping. For genotype calling, the Affymetrix Power Tools (version 2.10.2.2;
Thermo Fisher Scienti�c, Waltham, MA, USA) were used. The quality control criteria, as recommended by
Affymetrix, were a sample call rate of > 97% and a dish quality control of > 0.82. The SNPs were categorized
by cluster separation using the SNPolisher package (version 1.5.2; Thermo Fisher Scienti�c, Waltham, MA,
USA). A subsequent analysis was conducted on 643,411 SNPs categorized as “recommended.” Identity by
descent probabilities (PI_HAT) was estimated using PLINK 1.90 software [18], and cryptic relatives were
detected by the maximum unrelated set identi�cation (IMUS) method implemented in PRIMUS (version 1.8.0)
using a minimum PI_HAT value of 0.1. As part of quality control, samples of cryptic relatives (PI_HAT > 0.5)
and those with genotyping rates < 97% or call rates < 0.97 were excluded from further analysis.

The corresponding SNP and sample quality-controlled genotype data of 643,496 SNPs from 189 cases were
employed for further investigation. The CrossMap program [19] was employed to transform the genomic
coordinates of this data from hg19 to GRCh38 to match the imputation panel’s genomic coordinates.

6. Imputation
For quality control before imputation, SNPs with Hardy-Weinberg equilibrium P-value < 1E-5 were excluded, and
613,834 SNPs on autosomal chromosomes were included for further analysis. The imputation panel was an
in-house constructed haplotype panel comprising the haplotypes of 12,343 individuals from diverse
populations including 2,493 individuals from the International 1000 Genomes and 9,850 individuals from
biobanks of National Center Biobank Network. BEAGLE’s comfort-gt program removed variants that did not
match alleles in the reference panel. Subsequently, we used default parameters to run an imputation in
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BEAGLE 5.2. SNPs with call rate < 0.97, MAF < 0.05, Hardy-Weinberg equilibrium P < 1E-6, or information metric
(INFO score) < 0.5 were excluded. After exclusion, the genotyped or imputed data of 5,700,569 SNPs including
rs2097432 from 189 cases were used for the genetic analysis.

7. Principal component analysis
Outliers in the sample were detected by principal component analysis of linkage disequilibrium (LD)-
independent SNPs using the PLINK 1.90 software. The following LD pruning was carried out using PLINK: -
indep-pairwise 50 5 0.1. The samples were nearly homogeneous, as shown by the plot of the top two principal
components (PC1 and PC2) for each sample (Supplementary Fig. 1).

8. Statistical analysis
The study design is summarized in Fig. 1. In the univariate analysis of the cumulative discontinuation-free
rates of IFX for the clinical factors, the log-rank test was used. A Cox proportional hazards model was
conducted in the multivariate analysis of the cumulative discontinuation-free rates for the clinical factors. P-
value < 0.05 was considered statistically signi�cant.

In the analysis for the genetic factors of IFX persistence, we �rst looked at the association between the HLA-
DQA1*05 (rs2097432) and cumulative discontinuation-free rates of IFX. The cumulative discontinuation-free
rate for rs2097432 variant (C allele) carriers was calculated by log-rank test and the Cox proportional hazards
model adjusted by baseline serum albumin levels, concomitant thiopurine therapy, disease location, and the
�rst two principal components. The correlations between the categorical data in Supplementary Table 1 were
evaluated by a two-sided Fisher exact test. The association of quantitative data between two groups in
Supplementary Table 1 was examined by an unpaired t-test.

We then performed unbiased GWAS for IFX persistence with 5,700,568 quality-controlled SNPs. Using the R
package gwasurvivr (version 1.12.0, https://github.com/suchestoncampbelllab/gwasurvivr), a Cox
proportional hazards model adjusted by baseline serum albumin levels, disease location, and the �rst two
principal components as covariates were carried out in GWAS. The R software (version 4.1.3, http://www.r-
project.org/) was used for all the statistical analyses.

In the analysis of rs2097432, P-value < 0.05 were considered as signi�cant. In GWAS, SNPs with P-values < 5E-
8 were considered as genome-wide signi�cant and SNPs with P-values < 1E-6 were were considered as
candidates. Among these candidate SNPs, we used the “clump” procedure in PLINK 1.90 software to
summarize candidate variants into independent candidate loci considering the LD information. We used R2 > 
0.1 (--clump-r2 0.1) and SNPs within 250 kb from the lead SNP (--clump-kb 250) as the LD parameters. The
Locus Zoom application [20] was used to generate regional association plots around tag SNPs.

9. Pathway analysis
Pathway analysis with MAGMA [21] was performed using GWAS results. MAGMA �rst computed the gene-
level P-values employing the weighted sum of the related statistics for SNP sites in the region (25 kbp
upstream and downstream), considering the local LD structures. Thereafter, a pathway-level statistical
inference was performed based on a multiple linear–principal components regression model using
biologically functional databases, such as Reactome and KEGG. In total, 1,373 pathways were investigated
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and pathways with P-values < 3.64E-5 (0.05/1,373) were considered as signi�cant and pathways with P-
values < 0.01 were considered as candidates.

Results

1. Patients’ characteristics and baseline data
Table 1 summarizes the patients’ baseline characteristics. The median age at initial CD diagnosis and disease
duration at the start of IFX therapy were 21.0 and 7.5 years, respectively. The recognized disease locations
were as follows: 26 ileal, 24 colonic, and 139 ileocolonic. For disease behavior, 63, 87, and 39 patients had
in�ammation, stenosis, and �stula types, respectively. There were 138 patients (73.0%) with perianal lesions,
and 121 patients (64.0%) had a history of intestinal resection. Thirty-one patients (16.4%) were treated with a
concomitant thiopurine.
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Table 1
Baseline characteristics and associations of cumulative discontinuation-free rates of in�iximab therapy in the

study.
Characteristic N P-value

(univariate)
P-value
(multivariate)

HR (95%
CI)

Sex (Female, %) 54
(28.6)

0.147    

Age at diagnosis (years; Median (interquartile
range))

21 (18–
26)

     

21 years (%) 84
(44.4)

0.522    

BMI at the start of the biologics (Median
(interquartile range))

19.5
(18-
21.5)

     

<19 (%) 88
(46.6)

0.923    

Disease duration at the start of IFX therapy (years;
Median (interquartile range))

7.5
(2.4–
13.9)

     

7 years (%) 86
(45.5)

0.387    

Disease location ileal (%) 26
(13.8)

0.017 1 1

colonic (%) 24
(12.7)

  0.645 1.6
(0.27–
8.31)

ileocolonic (%) 139
(73.5)

  0.0937 3.40
(0.81–
14.21)

Disease behavior in�ammation (%) 63
(33.3)

0.191    

stenosis (%) 87 (46)      

�stula (%) 39
(20.6)

     

Perianal disease (Yes, %) 138
(73)

0.650    

Previous intestinal resection (Yes, %) 121
(64)

0.605    

Smoking at the start of IFX therapy (Yes, %) 41
(21.7)

0.316    

Abbreviations: BMI, body mass index; CRP, C-reactive protein; HR, hazard ratio; CI, con�dence interval
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Characteristic N P-value
(univariate)

P-value
(multivariate)

HR (95%
CI)

Concomitant elemental diet (Yes, %) 65
(34.4)

0.849    

Concomitant thiopurine (Yes, %) 31
(16.4)

0.269 0.226 1.56
(0.76–
3.19)

Serum albumin levels at the baseline (g/dl;
Median (interquartile range))

3.7 (3.3-
4)

     

3.7 g/dl (%) 94
(49.7)

0.038 0.0334 1.98
(1.06–
3.72)

CRP levels at the baseline (mg/dl; Median
(interquartile range))

0.6
(0.2–
1.9)

     

0.6 mg/dl (%) 99
(52.4)

0.801    

Abbreviations: BMI, body mass index; CRP, C-reactive protein; HR, hazard ratio; CI, con�dence interval

At 1, 3, and 5 years, the cumulative discontinuation-free rates of IFX therapy were 93.7%, 83.5%, and 79.7%,
respectively (Supplementary Fig. 2).

2. Clinical factors associated with IFX persistence
The univariate and multivariate analysis results assessing the relationship between clinical factors and
cumulative discontinuation-free rates of IFX therapy are shown in Table 1. In the univariate analysis, disease
location and baseline serum albumin levels < 3.7 g/dL were identi�ed as risk factors for early discontinuation.
Multivariate analysis revealed baseline serum albumin levels < 3.7 g/dL as an independent risk factor for early
discontinuation (hazard ratio: HR = 1.98 and P-value = 0.033). Conversely, surgical history, concomitant
thiopurine, smoking status, and baseline levels of CRP were not related to early discontinuation. A Kaplan–
Meier curve for baseline serum albumin levels is shown in Supplementary Fig. 3.

3. Genetic factors associated with IFX persistence

3 − 1. HLA-DQA1*05 (rs2097432) was signi�cantly associated
with IFX persistence
Next, we analyzed the association between rs2097432 and the cumulative discontinuation-free rate of IFX. In
our cohort, a MAF for allele C was 10.6%, and the frequencies of each genotype (T/T, T/C, and C/C) were 150
(79.4%), 38 (20.1%), and 1 (0.5%), respectively. There was no signi�cant difference in the patients' background
between rs2097432 carriers (T/C or C/C) and non-carriers (T/T) (Supplementary Table 1). The rs2097432
carriers had a signi�cantly increased risk of earlier discontinuation of IFX in the log-rank test (P-value = 0.019).
A Kaplan–Meier curve for rs2097432 is shown in Fig. 2. Importantly, this association remained signi�cant



Page 9/18

even after adjusted for baseline serum albumin level, disease location, and concomitant thiopurine treatment
(HR = 2.13 and P-value = 0.038) (Table 2).

Table 2
Association between HLADQA1*05 (rs2097432) genotype (T/T vs T/C or CC) and

discontinuation-free rates in multivariate analysis.
Variables N (%) P-value HR (95% CI)

HLA DQA1*05 TT 150 (80.4) ref ref

  TC or CC 39 (19.6) 0.038 2.13 (1.04–4.36)

Disease Location Ileal 26 (13.8) ref ref

  Colonic 24 (12.7) 0.501 1.81 (0.32–10.20)

  Ileocolonic 139 (73.5) 0.089 3.47 (0.83–14.56)

Concomitant thiopurine Yes 31 (16.4) 0.286 1.49 (0.71–3.13)

Serum albumin 3.7 g/dl Yes 94 (49.7) 0.031 2.01 (1.07–3.78)

3 − 2. GWAS identi�ed novel signi�cant candidate SNPs associated with IFX persistence.

An unbiased GWAS was performed to identify novel genetic risk factors for early discontinuation of IFX. The
Manhattan plot of GWAS is illustrated in Fig. 3. The genomic in�ation factor was 1.08. In GWAS, 14 SNPs
were identi�ed as candidate SNPs (P-value < 1E-6) and classi�ed into �ve loci (Table 3). One locus, tagged by
rs73277969 (HR = 6.04 and P-value = 7.93E-9), located upstream of the PPAR-gamma coactivator 1B
(PPARGC1B) gene, achieved genome-wide signi�cance. This signal was even signi�cant after the conditional
analysis of rs2097432 (HR = 5.61 and P = 2.90E-8). The regional plot and Kaplan–Meier curve of rs73277969
are shown in Fig. 4 and Supplementary Fig. 4, respectively.
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Table 3
Candidate SNPs and genes associated with in�iximab discontinuation-free rates identi�ed by GWAS (P ≤ 1E-

6).
rsID CHR Position A1 A2 AF_A2 P-

value
HR
(95%
CI)

Location Near
Genes

rs73277969 5 149723081 G T 0.0767 7.93E-
09

6.04
(3.28–
11.12)

Upstream PPARGC1B

rs1784083 11 80218731 C T 0.9233 8.50E-
08

0.16
(0.08–
0.32)

intergenic TENM4

rs147075359 10 26387307 G GT 0.3016 2.11E-
07

3.98
(2.36–
6.7)

intergenic APBB1IP

rs149553006 5 75930146 A G 0.0661 2.70E-
07

4.08
(2.39–
6.98)

intergenic SV2C

rs76394620 6 7786452 T G 0.0661 9.46E-
07

5.53
(2.79–
10.94)

intronic BMP6

Abbreviations: SNP, single-nucleotide polymorphism; GWAS, genome-wide association study; CHR,
chromosome number; AF_A2, minor allele frequency of A2 allele in our cohort; HR, hazard ratio; CI,
con�dence interval

Positions are based on the Genome Reference Consortium human build 38 (GRCh38).

3–3. Pathway analysis suggested associations of platelet-derived growth factor (PDGF) signaling and Fc-
gamma receptor (FCGR) activation signaling with IFX persistence

To determine the spectrum of pathways involved in the genes linked with IFX persistence in Japanese CD
patients, we conducted a pathway-level association analysis using MAGMA. Our pathway-level analysis
demonstrated that signaling by PDGF (P-value = 8.56E-5) and FCGR activation signaling (P-value = 5.80E-4)
were the top two pathways, although these pathways did not reach signi�cance after Bonferroni correction.
The �ndings of the pathway-level analysis with a P-value < 0.01 are summarized in Supplementary Table 2.

Discussion
This study demonstrated that serum albumin level is associated with IFX persistence in IFX-naive Japanese
CD patients. Importantly, we replicated the signi�cant association of HLA-DQA1*05 (rs2097432) with IFX
persistence in Japanese CD patients, which is the �rst report in Asian populations. Furthermore, we conducted
an unbiased genome-wide survival analysis for IFX persistence. Based on GWAS results, a genome-wide
signi�cant susceptible SNP for IFX persistence was identi�ed, and the association of PDGF signaling and
FCGR activation pathways with IFX persistence was suggested.
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Low serum albumin levels are one of the most established risk factors for early LOR and discontinuation of
IFX therapy. Low serum albumin levels were found to increase the clearance of IFX from the gastrointestinal
tract [22–24] and, thus, could reduce the concentration of IFX. Lower drug concentrations could generate large
amounts of antidrug antibodies during the induction phase by inhibiting immunological tolerance [25]. These
could explain why earlier IFX discontinuation may happen when albumin levels are lower at baseline. In our
cohort, concomitant thiopurine treatment was not protective against the early discontinuation of IFX, which is
not consistent with previous reports [26, 27]. The percentage of CD patients receiving concomitant thiopurine
therapy was lower in our cohort (16% in our cohort vs. >50% in previous reports), which may make capturing
the protective effect of concomitant thiopurine therapy di�cult.

It has been repeatedly reported that carriers of rs2097432 are more likely to lose response and discontinue IFX
in the European Ancestry [12, 13]. The authors revealed rs2097432 to be linked with generating antidrug
antibodies to IFX, leading to early LOR and discontinuation of IFX [12, 13]. However, evidence of this variant
has been scarce in Asian populations, such as Japanese. In general, allele frequencies and phenotype-
genotype relationships of genetic variants vary signi�cantly across genetic populations. Considering its high
impact on clinical practice, replicating the association of rs2097432 in different populations is very important.
Our results support the robust utility of rs2097432 for predicting IFX persistence regardless of population
ancestries.

From GWAS, we found that rs73277969, located upstream of PPARGC1B, was signi�cantly associated with
IFX persistence, and its effect was independent of rs2097432. PPARGC1B attenuates the in�ammatory
cytokines IL-6 and IL-12, inhibiting macrophage-mediated in�ammation [28]. Furthermore, PPARGC1B is highly
expressed in the intestinal epithelium of the crypts and villus axis [29], and miR-378a-3p, which is located in
PPARGC1B intron 1 modulates IL-33 expression, which can lead to the onset of IBD [30]. Moreover, although
we could replicate the association between rs2097432, its MAF was relatively lower than that in Caucasians.
Thus far, no signi�cant population differences in the occurrence of LOR to IFX treatment have been reported.
Contemplating the independent effect of rs73277969 from rs2097432, this SNP might explain part of the
cause of this discrepancy. These results suggest that rs73277969 could be a sensible candidate SNP to
predict IFX persistence in patients with Japanese CD, although the impact of rs73277969 on PPARGC1B is
uncertain. Replication studies for this SNP in other external cohorts in different populations will be required.

In addition, we conducted a pathway analysis to integrate the effects of genetic factors on relapse. The
�ndings indicated the relationship of the genetic background of PDGF and FCGR activation signaling with IFX
persistence. Both PDGF and FCGR were closely linked to the in�ammatory response, such as TNF alpha.
PDGF was increased exclusively in active IBD and was associated with its clinical and endoscopic activity
[31]. A tissue culture model revealed that pro-in�ammatory cytokines, including TNF alpha and IL -1β,
activated PDGF signaling in colonic smooth muscle cells, leading to chronic intestinal in�ammation and
�brosis [32]. FCGR signaling, which causes apoptosis or antibody-dependent cell-mediated cytotoxicity
(ADCC) via membrane-associated forms of TNF and FCGR, may play a more important role in IBD [33]. One of
the suggested mechanisms underlying the effects of IFX is ADCC against transmembrane TNF-alpha-
expressing cells [34, 35]. Several SNPs of FCGR3A and FCGR2A have been reported to be linked with a
response to IFX therapy [34, 36]. Our pathway-level analysis could a�rm the importance of these signaling for
IFX therapy and support the signi�cance of our GWAS results.
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This study had several limitations. First, this was retrospective, single-center research. Second, rather than
using pre-determined criteria, the decision to discontinue IFX (and thus fail to respond to IFX) was made
clinically rather than systematically (such as clinical indexes, endoscopic �ndings, or laboratory parameters).
Finally, we did not conduct any replications to validate our GWAS results. Despite these limitations, our
research has certain strengths, such as the long-term follow-up information available for review in our patient
cohort. In addition, we a�rmed the relationships of rs2097432 with IFX persistence and identi�ed novel
susceptible SNPs for IFX persistence by performing genome-wide survival analysis, the �rst report in Asian
populations.

In summary, HLA-DQA1*05 (rs2097432) is a signi�cant predictor of IFX persistence, irrespective of the
population. Upstream variants of PPARGC1B are novel candidate predictors for IFX persistence.
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Figures

Figure 1

Flowchart of this study design. IFX, In�iximab; CD, Crohn's disease; HWE, Hardy–Weinberg equilibrium; MAF,
minor allele frequency; SNPs, single-nucleotide polymorphisms
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Figure 2

Kaplan–Meier curve of discontinuation of in�iximab therapy according to the HLA-DQA1*05 (rs2097432)
genotype (T/T vs. T/C or CC)
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Figure 3

Manhattan plot of 5,700,568 single-nucleotide polymorphisms utilizing genome-wide association analysis for
the relapse-free survival time. Single-nucleotide polymorphisms are plotted according to chromosomal
location, with −log10(P) calculated using a linear regression test. The solid line displays the signi�cance level
at the genome-wide level (P-value = 5E-8). The dashed line indicates the threshold for the nominal signi�cance
(P-value = 1E-6)
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Figure 4

Results of genome-wide association analysis of discontinuation-free survival rates of In�iximab therapy.
Locus zoom plots of P-values around the selected top -associated single-nucleotide polymorphism (SNP) from
discontinuation-free time survival analysis. The top-associated SNPs, rs73277969, are displayed as purple
diamonds, while the other SNPs are displayed as circles. The color represents the degree of linkage
disequilibrium (r2) with the lead SNP.
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