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This retrospective observational study evaluated the effectiveness of endoscopic healing (EH) and 
the durability of infliximab (IFX) in combination with azathioprine (AZA) versus IFX monotherapy in 
pediatric patients with Crohn’s disease (CD). EH was assessed after 1 year of treatment, whereas IFX 
durability and associated risk factors were evaluated over an extended follow-up period. Data from 108 
pediatric patients were analyzed by comparing the EH rates, IFX trough levels (TLs), antibody-to-IFX 
(ATIs), and IFX durability between the AZA combination therapy (combination therapy group) and IFX 
monotherapy (monotherapy group) groups. Of the 108 patients who received IFX therapy, 85 (78.7%) 
received AZA combination therapy, and 23 (21.3%) received IFX monotherapy. The combination 
therapy group demonstrated superior EH rates (78.6 vs. 33.3%, p < 0.001), higher IFX TLs (4.6 µg/mL 
vs. 3.9 µg/mL, p = 0.016), lower ATI positivity (25.0% vs. 52.2%, p = 0.025), and prolonged IFX durability 
than the monotherapy group. Multivariable Cox proportional hazard regression analysis showed 
that ATI positivity (hazard ratio [HR] 5.33, 95% confidence interval [CI] 1.61–17.60, p = 0.006) and 
combination therapy with IFX and AZA (HR 0.13, 95% CI 0.03–0.51, p = 0.004) were associated with IFX 
durability.
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Crohn’s disease (CD), a type of inflammatory bowel disease (IBD), is characterized by inflammation in the 
gastrointestinal tract1. With an increasing prevalence of CD, numerous studies have been conducted on its 
treatment2,3. Notably, the emergence of biologics is widely regarded as a pivotal development in the effective 
treatment of CD.

The landmark SONIC trial for CD demonstrated the superior effectiveness of infliximab (IFX) and 
azathioprine (AZA), a combination therapy, compared with IFX monotherapy for corticosteroid-free clinical 
remission (CR) in naïve patients with moderate-to-severe disease4. Furthermore, combination therapy is more 
effective for achieving CR than monotherapy and reduces the loss of response (LOR) rate in pediatric patients 
with CD5,6. In addition, combination therapy prevents the formation of anti-drug antibodies (ADAs), which are 
antibodies against biologics that reduce the drug effectiveness and maintain higher median IFX trough levels 
(TLs), improving the remission rate in CD7,8.

Beyond targeting CR in treating pediatric CD, treatment of the target of endoscopic healing (EH) has been 
associated with improvements in long-term outcomes, as mucosal inflammation is associated with long-term 
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disease-related complications, even in CR9–11. However, a notable gap is present in the data on EH effectiveness 
of combination therapy compared with that of monotherapy12particularly in pediatric patients. Therefore, 
because of limited availability of data on this issue, the aim of this study was to evaluate the effectiveness of EH 
in combination therapy compared with that in monotherapy in pediatric patients with CD.

Results
Baseline characteristics
A total of 108 patients were included in this study. Of these patients, 21.3% (23/108) and 78.7% (85/108) were 
assigned to the monotherapy and combination therapy groups, respectively. Analysis of the monotherapy group 
revealed that 60.9% (n = 19) of the patients discontinued treatment during the induction period owing to drug-
related side effects such as nausea, vomiting, elevated liver function test results, and leukopenia, while 17.4% (n 
4) were identified as homozygous or compound heterozygous mutations in thioprine methyltransferase or nudix 
hydrolase 15, indicating poor metabolizers.

The mean age of the patients at diagnosis was 14.2 years, and 80.6% (87/108) were male. Four patients (3.7%) 
had a first-degree family history of IBD. No significant differences were observed in the baseline characteristics of 
the patients between the monotherapy and combination therapy groups. The disease phenotype, disease activity, 
Simple Endoscopic Score for CD (SES-CD) score, and other baseline characteristics are shown in (Table 1). In 
this study, IFX was administered to patients with a Pediatric Crohn’s Disease Activity Index (PCDAI) > 30 and/
or worsening biochemical markers such as erythrocyte sedimentation rate (ESR), C-reactive protein (CRP), or 
fecal calprotectin. The median disease duration of IFX initiation period was 2.27 months (1.77 months in the 
monotherapy group vs. 2.7 in the combination therapy group, p = 0.209). The clinical and biochemical data at 
the time of IFX initiation, including disease activity and IFX dose, are presented in (Supplementary Table 1). 
The median dose of AZA in combination groups was 36.2 ± 12.91 mg (0.61 ± 0.2 mg/kg), and the 6-thioguanine 
nucleotide (TGN) level was 245.25 ± 88.89 pmol/8 × 108 RBC after 1 year of treatment.

Total
(n = 108) IFX monotherapy group (n = 23)

IFX + AZA combination therapy 
group (n = 85)

p-
value

Male sex, n (%) 87 (80.6) 19 (82.6) 68 (80.0) 0.2147

Age at diagnosis, years 14.2 ± 2.7 14.2 ± 3.1 14.2 ± 2.6 0.948

1st -degree family history of IBD, n (%) 4 (3.7) 1 (4.4) 3 (3.5) > 0.99

Disease location, n (%) > 0.99

 Ileal (L1) 11 (10.2) 2 (8.7) 9 (10.6)

 Colonic (L2) 5 (4.6) 1 (4.3) 4 (4.7)

 Ileocolonic (L3) 92 (85.2) 20 (87.0) 72 (84.7)

UGI involvement, n (%) 0.971

 None 15 (13.9) 5 (21.7) 10 (11.8)

 Proximal to the ligament of Treitz (L4a) 31 (28.7) 7 (30.5) 24 (28.2)

 Distal to the ligament of Treitz and proximal to the distal 
1/3 ileum (L4b) 24 (22.2) 5 (21.7) 19 (22.4)

 Both (L4ab) 38 (35.2) 6 (26.1) 32 (37.6)

Luminal disease behavior 0.804

 Nonstricturing nonpenetrating (B1) 99 (91.7) 21 (91.2) 78 (91.8)

 Stricturing (B2) 6 (5.5) 1 (4.4) 5 (5.9)

 Penetrating (B3) 3 (2.8) 1 (4.4) 2 (2.3)

Perianal disease, n (%) 67 (62.0) 14 (60.9) 53 (62.4) 0.614

Growth retardation, n (%) 28 (25.9) 6 (26.1) 22 (25.9) 0.970

PCDAI 32.5 (23.8, 40.0) 32.5 (30.0, 40.0) 32.5 (22.5, 40) 0.645

WBC count, × 103/uL 8.9 (7.1, 10.7) 8.6 (7.6, 9.4) 9.1 (7.0, 10.8) 0.685

Hematocrit, % 37.9 ± 4.5 38.2 ± 5.1 37.8 ± 4.3 0.756

Platelet count, × 103/uL 377.0 (308.5, 480.5) 364.0 (320.0, 453.5) 379.0 (322.0, 478.0) 0.696

ESR, mm/h 37.5 (19.5, 62.0) 38.0 (25.5, 58.5) 37.0 (18.0, 64.0) 0.813

Albumin, g/dL 4.1 ± 0.5 4.2 ± 0.4 4.1 ± 0.5 0.259

CRP, mg/dL 1.3 (0.3, 2.9) 1.1 (0.3, 2.5) 1.3 (0.3, 3.0) 0.626

Fecal calprotectin, mg/kg 1320.8 ± 1189.7 1591.9 ± 1517.0 1261.7 ± 1109.0 0.406

SES-CD 15.0 (10.0, 22.0) 14.0 (10.0, 22.0) 15.0 (10.0, 22.0) 0.801

Table 1.  Baseline characteristics. Continuous variables are expressed as the median (interquartile range) or 
mean ± standard deviation. IFX infliximab, AZA azathioprine,  IBD, UGI  upper gastrointestinal, inflammatory 
bowel disease, UGI upper gastrointestinal, PCDAI pediatric Crohn’s disease activity index, WBC  white blood 
cell,  ESR   erythrocyte sedimentation rate,  CRP C-reactive protein, SES-CD  simple endoscopic score for 
Crohn’s.
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Comparison of treatment outcomes between monotherapy and combination therapy groups
No significant differences in the proportions of patients with CR and transmural healing (TH) were observed 
between the monotherapy and combination therapy groups at one year (CR: 95.8% vs. 96.4%, p > 0.99; TH: 
13.6% vs. 27.4%, p = 0.291). Laboratory results and SES-CD were also comparable between the two groups (SES-
CD: 1.0 vs. 0.0, p = 0.083). However, the proportion of patients with biochemical remission (BR) and EH at one 
year was significantly lower in the monotherapy group than in the combination therapy group (BR: 66.7% vs. 
92.9%, p = 0.003; EH: 33.3% vs. 78.6%, p < 0.001).

The median IFX TLs were significantly lower in the monotherapy group than in the combination therapy 
group (3.9  µg/mL vs. 4.6  µg/mL, p = 0.016; Fig.  1). Furthermore, the proportion of patients with minimal 
maintenance of IFX threshold TLs for EH (5  µg/mL) was lower in the monotherapy group than in the 
combination therapy group (30.5% vs. 44.1%, p = 0.023)13. Moreover, antibodies to IFX (ATIs) positivity was 
higher in the monotherapy group than in the combination therapy group (52.2 vs. 25.0%, P = 0.025). Detailed 
treatment outcomes of the two groups are presented in (Table 2).

Comparison of IFX durability between monotherapy and combination therapy groups
The number of patients who underwent dose intensification was 15 (65.2%) in the monotherapy group and 47 
(55.3%) in the combination therapy group (p = 0.519). Furthermore, no patient stopped IFX treatment before 1 
year of treatment. However, one patient in the combination therapy group discontinued IFX treatment after 1 
year of treatment because of disease worsening with an infusion reaction caused by ADA formation.

Univariate and multivariate Cox proportional hazard regression analyses revealed that ATI positivity (hazard 
ratio [HR] 5.33, 95% confidence interval [CI] 1.61–17.60, p = 0.006) and combination therapy (HR 0.13, 95% CI: 
0.03–0.51, p = 0.004) were associated with IFX durability (Table 3).

Kaplan–Meier survival curves were used to evaluate IFX durability between the monotherapy and 
combination therapy groups. Notably, IFX durability was significantly higher in the combination therapy group 
than in the monotherapy group (p = 0.0026, log-rank test; Fig. 2). The 1-, 2-, and 5-year IFX durability rates were 
67.1%, 39.4%, and 20.3%, respectively, in the monotherapy group and 73.7%, 49.1%, and 26.2%, respectively, in 
the combination therapy group.

Discussion
In this study, we demonstrated that IFX and AZA combination therapy resulted in superior EH and greater 
IFX durability than IFX monotherapy. The combination therapy group exhibited higher IFX TLs and lower ATI 
formation rates than the monotherapy group, indicating that pharmacokinetics played a crucial role in achieving 
better clinical and endoscopic outcomes.

Previous studies have documented the effectiveness of combination therapy in achieving CR. However, 
studies comparing combination therapy with monotherapy for EH are limited. Most studies have primarily 
focused on CR as the main endpoint, while EH, which is linked to long-term prognosis, has only recently gained 
attention4,7,8,14.

Despite the emphasis on CR, the STRIDE-II consensus update in 2021 underscores the growing significance 
of achieving EH as a therapeutic target because of its association with long-term outcomes in IBD11,15 However, 

Fig. 1.  Comparison of infliximab trough levels at 1 year between monotherapy and combination therapy 
groups.
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research specifically addressing EH in pediatric populations remains limited12,16. This highlights a significant 
gap in the literature, particularly regarding treatment strategies targeting EH in pediatric patients. Consequently, 
limited guidance is available on the optimal treatment strategies for EH in these patients. Our study helps bridge 
this gap by demonstrating that early combination therapy improves CR and provides a significant advantage in 
achieving EH compared with IFX monotherapy. This indicates that initiating combination therapy early in the 
treatment course could be a promising strategy for achieving better outcomes, extending beyond CR to a more 
sustained EH.

In our cohort, 78.7% of patients received concomitant AZA, and 69.4% started IFX within three months 
of CD diagnosis, indicating a relatively short disease duration. The early introduction of biologics in pediatric 
patients with CD has been associated with improved outcomes by leveraging the therapeutic window12,17,18. For 

Univariate Cox analysis
Multivariate analysis 
(n = 108)

HR 95% CI p HR 95% CI p

Sex (female vs. male) 0.62 0.39–1.66 0.963

Age at diagnosis 0.95 0.85–1.06 0.366

Disease duration at IFX initiation, years 0.73 0.10–1.77 0.723

Any colonic involvement 1.66 0.25–14.48 0.528

Any upper gastrointestinal involvement 2.713 0.98–2.55 0.522

Disease behavior (B1 vs. B2, B3) 1.67 0.53–3.88 0.342

PCDAI at diagnosis 1.00 0.97–1.03 0.897

ESR at diagnosis 1.00 0.99–1.01 0.393

Albumin at diagnosis 1.03 0.53–1.98 0.941

CRP at diagnosis 1.03 0.97–1.19 0.157

SES-CD at diagnosis 1.03 0.92–1.16 0.566

IFX trough concentration at 1 year 0.93 0.81–1.06 0.253

ATI positivity 2.64 1.26–5.53 0.010 5.33 1.61–17.60 0.006

IFX combination therapy vs. monotherapy 0.386 0.18–0.82 0.014 0.13 0.03–0.51 0.004

Table 3.  Cox proportional hazard regression analysis of factors associated with Infliximab durability in 
patients with crohn’s disease. IFX infliximab,  PCDAI  pediatric Crohn’s disease activity index,  ESR erythrocyte 
sedimentation rate, CRP  C-reactive protein, SES-CD simple endoscopic score for Crohn’s disease, ATI 
antibody to infliximab.

 

Total (n = 108) IFX monotherapy group (n = 23) IFX + AZA combination therapy group (n = 85) p-value

WBC count, × 103/uL 6.5 (5.5, 8.6) 6.3 (5.3, 7.9) 6.6 (5.5, 8.6) 0.679

Hematocrit, % 41.1 ± 3.8 42.7 ± 4.3 40.7 ± 3.5 0.037

Platelet count, × 103/uL 256.0 (223.0, 292.5) 250.0 (212.8, 276.0) 257.5 (225.8, 308.3) 0.179

ESR, mm/h 5.0 (2.0, 10.3) 7.0 (3.8, 13.3) 4.0 (2.0, 10.0) 0.144

Albumin, g/dL 4.6 ± 0.3 4.5 ± 0.3 4.6 ± 0.3 0.715

CRP, mg/dL 0.06 (0.03, 0.09) 0.04 (0.03, 0.06) 0.06 (0.03, 0.09) 0.121

Fecal calprotectin, mg/kg 253.9 ± 495.8 262.6 ± 388.6 251.7 ± 521.2 0.917

SES-CD 0.0 (0.0, 3.0) 1.0 (0.0, 5.5) 0.0 (0.0, 3.0) 0.083

Clinical remission at 1 year, n (%) 104 (96.3) 22 (95.8) 81 (96.4) > 0.99

Biochemical remission at 1 year, n (%) 94 (87.0) 16 (66.7) 78 (92.9) 0.003

Endoscopic healing at 1 year, n (%) 74 (68.5) 8 (33.3) 66 (78.6) < 0.001

Transmural healing at 1 year, n (%) 26 (24.5) 3 (13.6) 23 (27.4) 0.291

IFX trough concentration, µg/mL 4.3 (2.5, 6.5) 3.9 (1.4, 5.4) 4.6 (3.1, 7.4) 0.016

IFX trough concentration, n (%) 0.023

 < 3 µg/mL 29 (27.1) 11 (47.8) 18 (21.4)

 3–5 µg/mL 34 (31.8) 5 (21.7) 29 (34.5)

 ≥ 5 µg/mL 44 (41.1) 7 (30.5) 37 (44.1)

 ATI positivity, n (%) 33 (30.6) 12 (52.2) 21 (25.0) 0.025

Table 2.  Comparison of 1-year treatment outcomes between monotherapy and combination therapy groups. 
Continuous variables are expressed as the median (interquartile range) or mean ± standard deviation. IFX  
infliximab, AZA  azathioprine, WBC  white blood cell,  ESR  erythrocyte sedimentation rate, CRP  C-reactive 
protein, SES-CD  simple endoscopic score for Crohn’s disease,  ATI antibody to infliximab.
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these reasons, the EH rates in this study (68.5%) may be relatively high compared with those in previous studies. 
Nevertheless, this did not affect the results, as the disease duration at IFX initiation was not significantly different 
between the two groups (p = 0.209).

TH is associated with favorable long-term outcomes, including long-term CR, fewer therapeutic 
modifications, and lower rates of hospitalization for CD and CD-related surgery19,20. In this study, the TH 
rate after one year of combination therapy was slightly higher than that after monotherapy (27.4% vs. 13.6%, 
p = 0.291), but the difference was not statistically significant. However, a previous study indicated that not all 
patients who achieved TH attained EH. Achieving TH is more challenging than achieving EH and often requires 
a longer treatment duration. Therefore, the one-year observation in our study may have been insufficient to 
evaluate the TH outcomes accurately.

The pharmacokinetic mechanisms underlying the effectiveness of combination therapy are likely related to 
increased IFX TLs and reduced ATI formation, both of which are believed to contribute to sustained therapeutic 
effects4,7,21,22. Although the exact mechanism by which thiopurines improve IFX pharmacokinetics remains 
unclear, it may involve a metabolic shift towards 6-TGN levels23,24. Although we could not measure 6-TGN levels 
in this study, combination therapy significantly increased the proportion of patients maintaining IFX threshold 
TLs (5  µg/mL) for EH (p = 0.016)25. Furthermore, ATI positivity was significantly lower in the combination 
therapy group (25.0 vs. 52.2%, p = 0.025), indicating that AZA reduced the immunogenicity. Polakovicova 
et al. reported that IFX TLs depend on AZA dose26. However, given the various side effects of AZA, studies 
have suggested that achieving a 6-TGN level of ≥ 125 pmol/8 × 108 RBC may be sufficient to optimize IFX 
therapeutic levels using combination therapy with AZA and reduce ATI development. Notably, ATI positivity 
and combination therapy were significantly associated with IFX durability.

Our findings also revealed that combination therapy enhanced the durability of IFX more effectively than 
monotherapy. This result is consistent with those of other studies that demonstrated that combination therapy 
significantly lowers the discontinuation rate of IFX4,6. The increased durability observed in our study is likely 
attributed to the pharmacokinetic advantages of AZA, which aid in maintaining higher IFX concentrations and 
preventing the formation of ATI, thereby extending the drug’s effectiveness.

However, evidence indicates that the advantages of combination therapy may diminish when therapeutic 
drug monitoring (TDM) is applied during treatment27. Specifically, IFX monotherapy with proactive dose 
adjustments yielded outcomes comparable to combination therapy28. Notably, patients in the combination 
therapy group required lower maintenance doses of IFX while achieving higher TLs and experiencing fewer dose 
escalations, which offers greater economic benefits29. Furthermore, no significant differences were observed 
in the steroid-free CR between the monotherapy and combination therapy groups during induction therapy. 
However, following maintenance therapy, combination therapy demonstrated a more substantial CR and was 
effective in delaying the reduction of LOR over a long period30. Collectively, the current evidence supports the 
view that combination therapy may provide greater long-term benefits in pediatric patients with CD.

Although combination therapy offers substantial benefits in terms of EH and IFX durability, the safety 
concerns associated with AZA, such as potential hepatotoxicity, bone marrow suppression, and increased risk of 
infections and malignancies, must be carefully managed31,32. However, with appropriate monitoring, thiopurine-
S-methyltransferase (TPMT) and nudix hydrolase 15 (NUDT15) gene testing before initiating treatment and 
regular monitoring of 6-TGN and 6-methylmercaptopurine (6-MMP) metabolites can effectively manage these 

Fig. 2.  Comparison of infliximab durability between monotherapy and combination therapy groups (Kaplan–
Meier survival curves, p = 0.0026).
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risks. Although concerns about thiopurine-related side effects persist, studies have demonstrated the benefits 
of combination therapy, including its ability to achieve both clinical and biochemical remission and promote 
EH, often outweighing these risks. This makes combination therapy a promising approach, particularly when 
carefully monitored to minimize the adverse effects.

This study had several limitations. As this was a single-center retrospective study, the follow-up schedules 
were less structured than those in prospective studies. However, all patients underwent regular examinations 
such as ileocolonoscopy and biopsy, adhering to the same principles. Furthermore, testing of AZA metabolites, 
including 6-thioguanine or 6-methilmercaptopurine, was introduced at our medical center midway through the 
study period, which meant that the 6-TGN concentration could not be measured in all patients. Nevertheless, 
this did not affect the finding that AZA as a combination therapy was effective in achieving EH. Further research 
is required to determine whether the EH rate varies with the AZA metabolite concentration. Finally, the number 
of patients differed between the two groups. Because most patients at our medical center receive combination 
therapy, enrolling them in monotherapy is challenging. Most patients who received monotherapy in this study 
were those who initially received AZA but discontinued the drug during the induction period because of 
side effects such as nausea, vomiting, and leukopenia or did not receive AZA because genetic mutations were 
identified in thioprine methyltransferase or nudix hydrolase 15.

In conclusion, combination therapy with IFX and AZA resulted in superior EH rates and greater IFX 
durability than monotherapy in pediatric patients with CD. Although monitoring thiopurine-related side effects 
is essential, the overall benefits of combination therapy in enhancing long-term outcomes make it a valuable 
treatment option for pediatric patients with CD.

Materials and methods
Ethics statement
This study was approved by the Institutional Review Board of Samsung Medical Center (IRB File No. 2023-
10-010) and adhered to the ethical guidelines outlined in the Declaration of Helsinki. The requirement for 
patients and guardians informed consent was waived as the data used in this study was waived as all data was 
de-identified.

Patients and data collection
This retrospective observational study was conducted at the Department of Pediatrics of the Samsung Medical 
Center between November 2012 and February 2022. Children and adolescents diagnosed with CD and treated 
with IFX and/or AZA at < 19 years of age were included. Patients with missing baseline clinicopathological data 
were excluded. CD was diagnosed on the basis of the revised Porto criteria of the European Society for Pediatric 
Gastroenterology, Hepatology and Nutrition33.

Baseline clinicopathological and laboratory data at diagnosis, including sex, age, disease phenotype, growth 
indicators, and family history of IBD, were obtained from electronic medical records (EMR). Clinical data 
and laboratory results at diagnosis and one year after IFX initiation, including IFX treatment duration, dose 
intensification, pediatric Crohn’s disease activity index (PCDAI) score, erythrocyte sedimentation rate (ESR), 
C-reactive protein (CRP), serum albumin, simple endoscopic score for CD (SES-CD), TLs of IFX, and the 
presence of ATIs, were retrospectively collected from the EMR. ATIs were quantified using enzyme-linked 
immunosorbent assay (ELISA) kits (Matriks Biotek Laboratories, Ankara, Turkey) at an optical density of 
450 nm, and IFX TLs were assessed using an IDK monitor infliximab drug level ELISA prior to administration. 
Ileocolonoscopy and magnetic resonance enterography (MRE) were performed at diagnosis and one year after 
biologic treatment.

Endpoints and definitions
The primary endpoint of this study was EH after one year of IFX treatment, and the secondary endpoint was IFX 
durability during the study period. Based on whether the patients received IFX monotherapy or combination 
therapy with IFX and AZA, they were divided into monotherapy and combination therapy groups.

Treatment outcomes, such as CR, BR), EH, and TH, were evaluated using laboratory tests, ileocolonoscopy, 
and MRE after 1 year of treatment. CR was defined as a PCDAI < 10 and BR as CRP < 0.5  mg/dL and/or 
FC < 200 mg/kg, respectively. EH was defined as SES-CD ≤ 2, which corresponds to complete mucosal healing 
to normal34. TH was defined as a wall thickness of < 3 mm in the absence of ulcers, edema, enhancement, and 
complications in all ileocolonic segments, as evaluated using MRE. IFX durability was defined as the continuous 
use of IFX, excluding situations requiring inevitable discontinuation of IFX, such as infusion reactions, surgery, 
or severe adverse events. We extended the follow-up period to more than 1 year to analyze IFX durability and 
risk factors for discontinuation.

At our medical center, we primarily implement a top-down strategy to treat pediatric patients with CD. IFX 
was administered instead of corticosteroids or other immunomodulators when the disease worsened with or 
without AZA. Both groups were administered 5 mg/kg IFX at 8-week intervals during the maintenance period. 
If no clinical and/or biological remission occurred during the treatment and a target of 5 µg/mL was not reached 
based on therapeutic drug monitoring (TDM), dose intensification was administered, which is a reactive TDM 
strategy. In addition, in the combination group, AZA was administered as a steady-dose escalation method. AZA 
is routinely initiated at a low dose (0.5 mg/kg/dose daily), and the dose is increased by 1–2 mg/kg/dose daily 
when TPMT and NUDT15 are confirmed as wild-type.
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Statistical analyses
For statistical comparisons between the combination and monotherapy groups, Student’s t-test and Wilcoxon 
rank-sum test were used for continuous variables, whereas the chi-square or Fischer’s exact test was used for 
categorical variables.

Univariate and multivariate Cox proportional hazards regression analyses were used to investigate factors 
associated with IFX durability. Factors with p < 0.1 in the univariate analyses were included in the multivariate 
analyses. The results were expressed as hazard ratios (HRs) with 95% confidence intervals (CIs). Kaplan–Meier 
analysis and the log-rank test were used to calculate IFX durability and overall statistical differences, respectively. 
Statistical significance was set at p < 0.05. All statistical analyses were performed using the Rex (Version 3.6.0, 
RexSoft Inc., Seoul, Korea).

Data availability
Data supporting the findings of this study are not publicly available due to privacy and ethical restrictions and 
can be obtained from the corresponding author upon request.
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