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Abstract

Background Methotrexate (MTX) combination therapy with biological agents has gained increasing interest. Here, we
assessed the efficacy and tolerability of the MTX combination therapy in patients with Crohn’s disease (CD).

Methods We performed a multicenter observational study with 185 patients with CD with MTX and biologics combination
therapy; the patients were recruited from three IBD Clinics in Korea. We evaluated the outcomes of the MTX combination
therapy and examined the predictive factors of clinical and endoscopic remission.

Results MTX was administered orally to 62.7% of patients; the mean dose was 15.5 mg per week, and the mean treatment
duration was 36 months. Of the 169 patients treated with MTX combination therapy for over 6 months, the steroid-free
clinical remission rates were 34.3%, 26.0%, 29.8%, and 32.7% at 4, 12, 18, and 24 months, respectively. Previous thiopurine
use was a significant negatively associated independent factor (p < 0.001), and a higher dose of MTX (> 15 mg/week) was a
positively associated independent factor of steroid-free clinical remission (p =0.035). Ninety-six patients underwent follow-up
endoscopy after 28 months, and 36 (37.5%) achieved endoscopic remission. Longer disease duration (p =0.006), ileocolonic
type of Montreal location (p=0.036), and baseline C-reactive protein (CRP) level of more than 5 mg/L (p=0.035) were
significant negatively associated independent factors and a higher dose of MTX (> 15 mg/week) was a positively associated
independent factor of endoscopic remission (p =0.037).

Conclusions MTX combination therapy with biologics was effective and tolerable in patients with CD.

Keywords Methotrexate - Combination therapy - Crohn’s disease - Treatment outcome - Drug-related side effects - Adverse
reactions

Abbreviations FDA Food and Drug Administration
CD Crohn’s disease ATI Antibodies to infliximab

TNF Tumor necrosis factor CBC Complete blood count

MTX Methotrexate CDAI Crohn’s Disease Activity Index
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OR Odds ratio

CI Confidence interval
HR Hazard ratio
Introduction

Currently, biological therapies are the mainstay of induction
and maintenance treatments for moderate to severe Crohn’s
disease (CD) [1]. Studies have suggested that combina-
tion therapy with biological agents and immunomodula-
tors decreases anti-drug antibody formation and minimizes
the immunogenicity of the biological agents [2]. The com-
parative efficacy of a combination of infliximab and aza-
thioprine was superior to that of infliximab monotherapy
in inducing clinical remission in the “Study of Biologic
and Immunomodulators Naive Patients in Crohn’s Disease
(SONIC)” trial for CD and “Comparison of the Efficacy
and Safety of Infliximab, as Monotherapy or in Combina-
tion With Azathioprine, Versus Azathioprine Monotherapy
(SUCCESS)” trial for ulcerative colitis (UC) [1, 3]. A recent
prospective observational personalized antitumor necrosis
factor (TNF) therapy in a CD study (PANTS) showed that
infliximab combination therapy contributed to both clinical
remission induction and immunogenicity reduction, whereas
adalimumab combination therapy failed to facilitate clinical
remission but contributed to immunogenicity reduction [4].

Methotrexate (MTX) is mostly used as an alternative
drug in cases of intolerance to or occurrence of side effects
after thiopurine therapies, such as azathioprine and 6-mer-
captopurine (6-MP). However, the Adverse Event Report-
ing System of the Food and Drug Administration (FDA)
reported that concomitant infliximab and thiopurine therapy
for young male patients with CD was significantly associated
with a risk of developing hepatosplenic T-cell lymphoma
[5, 6]. Cytopenia was more frequently associated with thio-
purines than with MTX. In particular, myelosuppression
was reported to occur in 56.4% of Korean patients with IBD
after treatment with maximal doses of azathioprine and
6-MP, which is considerably higher than that reported in
Western studies [7, 8]. MTX is increasingly used because
of its shorter duration of action, lower cost, and lower risk
of malignancy than thiopurines [9, 10].

In the “Combination of Maintenance of Methotrexate-Inf-
liximab Trial (COMMIT),” patients with CD who received
MTX concomitantly were less likely to develop antibody
formation to infliximab (ATI) than those who received inf-
liximab alone (4% vs. 20%, p=0.01) [11]. Vermeire et al.
found that the incidence of ATI did not differ between the
MTX and azathioprine groups (44% vs. 48%) [12]. Kennedy
et al. also suggested that concomitant immunomodulator use
contributed to reduced immunogenicity of biological agents;
however, there was no difference between thiopurines and

@ Springer

methotrexate [4]. Combination therapies have shown poten-
tial pharmacokinetic and immunogenic benefits. Although
the utility of the combination of MTX with biological agents
has been gaining increasing interest, few studies have evalu-
ated the clinical outcomes of MTX-biologics combination
therapy in real-world IBD practice. We aimed to investigate
the effectiveness and safety of MTX combination therapy
with biologics and analyze the prognostic factors associated
with clinical and endoscopic remission in patients with CD.

Materials and Methods
Study Population

From June 2007 to December 2022, all consecutive patients
administered MTX for CD treatment were enrolled in this
multicenter, retrospective cohort study. A total of 311
patients were administered MTX for the treatment of CD at
three tertiary referral hospitals: the IBD Clinic of Severance
Hospital, Yonsei University College of Medicine (Seoul,
Korea); Gangnam Severance Hospital (Seoul, Korea); and
Seoul National University Bundang Hospital (Seongnam,
Korea). The inclusion criteria were as follows: (i) age
18 years or older, (ii) a definite diagnosis of CD according
to endoscopic, histological, or radiological criteria, and (iii)
administration of MTX with a biologic agent as combination
therapy (concomitant use of 5-aminosalicylates or corticos-
teroids was allowed). Not only patients who started biolog-
ics and MTX at the same time but also cases where MTX
was added while using biologics were included. The exclu-
sion criteria were as follows: (i) those treated with MTX
monotherapy (n=94), (ii) those treated less than 4 months
(n=22), (iii) those treated to control joint pain (n=3), and
(iv) those finally diagnosed with intestinal Behget’s disease
(n="17) (Fig. 1). The patients were identified using the elec-
tronic medical record system for all patients with IBD at
each institution.

A total of 185 patients with CD were treated with MTX
and other biological agents. This study was approved by the
Institutional Review Boards of Severance Hospital, Yonsei
University, and Seoul National University Bundang Hospital
(IRB No: 4-2022-0386, B-2206-764-103).

Treatment Protocol and Outcome Measures

The patients received various doses of MTX, which were
administered either subcutaneously or orally on a weekly
basis at the discretion of the physicians. Infliximab was
administered at 5 mg/kg intravenously at weeks 0, 2, and 6
and then every 8 weeks. Adalimumab was administered sub-
cutaneously at a dose of 160 mg at week 0, 80 mg at week
2, and 40 mg every other week. The complete blood count
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Fig. 1 Recruitment algorithm.
A total of 185 consecutive
patients with Crohn’s disease
who received MTX combina-
tion therapy were included. A

December 2022

311 patients were consecutively treated with
methotrexate for CD between June 2007 and

total of 169 patients treated with
MTX combination therapy for
over 6 months were selected for
the final statistical analysis

126 were excluded

* 94 treated with MTX monotherapy

» 22 were treated less than 4 months

* 3 were treated to control joint pain

» 7 were finally diagnosed of intestinal BD

\ 4

Y

185 patients treated with combination MTX
with biologic agent for CD

| 16 were excluded
1. 16 were treated less than 6 months

A\ 4

169 patients treated with combination MTX
with biologic agent for CD more than 6 months

(CBC) and serum aminotransferase levels were monitored.
Vedolizumab was administered intravenously at a dose of
300 mg at weeks 0, 2, and 6 and then every 8 weeks. Usteki-
numab was administered intravenously in weight-based dos-
age regimens of 260 mg (less than 55 kg), 390 mg (> 55 kg,
less than 85 kg), and 520 mg (> 85 kg). After the loading
dose, ustekinumab was administered subcutaneously at a
dose of 90 mg at week 8 and then every 8 or 12 weeks. Dose
escalation of the biological agents was allowed in this study.

The primary outcome of interest was corticosteroid-free
clinical remission at 4 months, defined as clinical remission
with a Crohn’s Disease Activity Index (CDAI) score <150
and complete withdrawal of corticosteroids [11, 13]. Sec-
ondary end points were corticosteroid-free clinical remission
at 12, 18, and 24 months, the mean change in serum C-reac-
tive protein (CRP) levels, adverse events, and endoscopic
remission, which was defined as with a Simple Endoscopic
Score for Crohn Disease (SES-CD) score <2 [14].

Data Collection

We retrospectively collected the following data from the
electronic medical records of the patients: sex, age, smok-
ing history, weight, body mass index (BMI), disease dura-
tion, Montreal classification of location and behavior, pres-
ence of perianal lesions, history of bowel surgery, previous
medications before enrollment, concomitant medications

at enrollment, C-reactive protein (CRP) level, hemoglobin
level, albumin level, MTX administration route, MTX
dose, indication of MTX, reason of MTX discontinuation,
and adverse events of MTX.

Statistical Analysis

Mean and standard deviation or median and range were
calculated for all continuous variables, as appropriate.
Multivariate logistic regression analyses were performed
to identify the independent risk factors for clinical remis-
sion after MTX combination therapy at 4 months with
adjustment for various confounders, including age, sex,
disease duration, smoking history, BMI, disease location
and behavior, perianal lesion, history of intestinal resec-
tion, previous medications, concomitant medications, CRP
level, hemoglobin level, albumin level, MTX adminis-
tration route, and MTX dose. Cox proportional hazards
analyses were performed to reveal the independent risk
factors of endoscopic remission after MTX combination
therapy. Variables in univariate analysis were entered into
multivariate analysis if the p value was < 0.05 (considered
statistically significant). All statistical analyses were per-
formed using the Statistical Package for the Social Sci-
ences (SPSS version 23.0; SPSS Inc., Armonk, NY, USA).
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Results
Patient Baseline Characteristics

A total of 185 patients with CD who attended the IBD Clinic
of Severance Hospital, Yonsei University College of Medi-
cine (Seoul, Korea), Gangnam Severance Hospital (Seoul,
Korea), and Seoul National University Bundang Hospital
(Seongnam, Korea) were treated with MTX concomitantly
with biological agents as part of combination therapy.
Mean age at initiation of combination therapy of MTX was
28.5+11.7 years; 128 patients (69.2%) were male, and the
mean disease duration was 6.7 + 6.6 years (Table 1). The
main locations of CD were the terminal ileum and colon
(130 patients, 70.3%). CD was inflammatory in 85 (45.9%),
stricturing in 38 (20.5%), and penetrating in 62 (33.5%)
patients. Perianal lesions were present in 113 patients
(61.1%) and bowel surgery was previously performed in
61 patients (33.0%). One hundred and twenty-four (67.0%)
patients had been treated with thiopurines and 108 (58.4%)
had been treated with biologic agents before enrollment.

Characteristics of Patients at the Time
of Combination Therapy with MTX

MTX was administered orally (62.7%) or parenterally
(37.3%) (Table 1). The mean dose of MTX was 15.5+5.8 mg
per week (median, 15.0 mg/week; range, 5.0-25.0 mg/week)
during the induction period and 113 patients (61.1%) were
treated with high dose MTX (> 15 mg/week) (Table 1).
Of the 185 patients, 109 (58.9%) received infliximab, 56
(30.3%) received adalimumab, 15 (8.1%) received usteki-
numab, and 5 (2.7%) received vedolizumab at the time of
initiation of MTX combination therapy. The mean duration
of the use of MTX with biological agents was 34.9 months
(median, 27.0 months; range 4.0—108.0 months) (Table 1).

The main indication for combination therapy was failure
of biological agent monotherapy (n=71; 38.4%) (Table 2).
Other indications included thiopurine intolerance (9.7%),
thiopurine ineffectiveness (6.5%), intolerance to a combina-
tion of a biological agent and thiopurine (7.0%), ineffective-
ness of a combination of a biologic agent and thiopurine
(21.1%), and initial use in immunomodulator-naive patients
(17.3%).

Adverse Events During Combination Therapy
with MTX

At least one adverse effect was reported in 39 patients
(21.1%). Nausea was reported in 14 patients (7.6%); of
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Table 1 Baseline characteristics (n=185)

Variables Total (n=185)
Age at initiation of MTX, years 285+11.7
Males 128 (69.2%)
Disease duration, years 6.7+6.6
Smoking
Never 160 (86.4%)
Previous 21 (11.4%)
Current 4(2.2%)
Body mass index (kg/m?) 21.7+4.3
Montreal location
Ileum 39 (21.1%)
Colon 16 (8.6%)
Ileocolon 130 (70.3%)
Montreal behavior
Nonstricturing, nonpenetrating 85 (45.9%)
Stricturing 38 (20.5%)
Penetration 62 (33.5%)
Perianal lesion 113 (61.1%)
Previous bowel surgery 61 (33.0%)
Previous medication
Thiopurine 124 (67.0%)
Biologic agents 108 (58.4%)
Infliximab 59 (31.9%)
Adalimumab 19 (10.3%)
Both infliximab and adalimumab 23 (12.4%)
Ustekinumab 7 (3.8%)
Combined biologic agents
Infliximab 109 (58.9%)
Adalimumab 56 (30.3%)
Ustekinumab 15 (8.1%)
Vedolizumab 52.7%)
CRP level, mg/L 9.8+14.2
Hemoglobin level, g/dL 12.8+2.0
Albumin level, 3.5 g/dL. 3.9+0.6
Initial administration route (oral) 116 (62.7%)

MTX dose (> 15 mg/week) 113 (61.1%)

MTX methotrexate

*p value for comparing clinical remission and non-remission in
Crohn’s disease patients treated with MTX combination therapy

these, 11 patients required discontinuation of MTX. Liver
enzyme abnormalities were reported in 7 patients (3.8%)
and of these, 5 patients required discontinuation of MTX.
Cytopenia was reported in 4 patients (2.0%); of these, 3
patients required discontinuation of MTX. Other adverse
events included intra-abdominal abscesses (n =06, 3.2%),
fatigue (n=4, 2.2%), rash (n=2, 1.1%), cystitis (n=2,
1.1%), herpes zoster (n=1, 0.5%), and abdominal pain
(n=1,0.5%) (Table 2).
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Table 2 Details of methotrexate

Variables Total (n=185)
drug use
Indication for MTX
Thiopurine intolerance 18 (9.7%)
Thiopurine ineffectiveness 12 (6.5%)
Failure of biologic agent monotherapy 71 (38.4%)
Combination biologic agent and thiopurine intolerance 13 (7.0%)
Combination biologic agent and thiopurine ineffectiveness 39 (21.1%)
Immunomodulator naive patients 32 (17.3%)
Reason discontinue (n=74)
Withdrawal due to achievement of clinical remission 21 (28.4%)
Intolerance 33 (44.6%)
Clinical ineffectiveness 9 (12.2%)
Pregnancy plan 3 (4.1%)
Self-interruption 9 (10.8%)
Adverse events of MTX (n=39)
Nausea 14 (7.6%)
Increased liver enzyme levels 7 (3.8%)
Infection (abdominal abscess) 6 (3.2%)
Cytopenia 4(2.2%)
Fatigue 4(2.2%)
Rash 2(1.1%)
Ciystitis 2(1.1%)
Herpes zoster 1(0.5%)
Abdominal pain 1(0.5%)
Variables are expressed as n (%)
MTX methotrexate
Clinical Outcomes After Combination Therapy Steroid-free clinical remission was achieved in 58 of 169
with MTX (34.3%) patients at 4 months, 41 of 158 (26.0%) patients

at 12 months, 37 of 124 (29.8%) patients at 18 months,
A total of 169 patients who were treated with combination ~ and 33 of 101 (32.7%) patients at 24 months (Fig. 2A).
therapy with MTX and followed up for over 6 months were ~ Mean CRP levels were 9.9 +14.2 mg/L, 6.6 £17.8 mg/L,
considered eligible for statistical analysis after induction. 4.8 +11.3 mg/L, and 2.8 +6.1 mg/L at 0, 6, 12, and
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Fig.2 A Steroid-free clinical remission rates at 4, 12, 18, and 24 months, and B C-reactive protein levels at 0, 12, 18, and 24 months after MTX
combination therapy in patients with Crohn’s disease **p value <0.05, ***p value <0.001. Analyses were performed using paired # test
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24 months, respectively (Fig. 2B). There was no statistically
significant difference of steroid-free clinical remission rates
at 4 months between standard and escalated dose of biolog-
ics agents (28.3% vs. 31.2%; p=0.736).

Logistic regression analysis was used to examine the
impact of different variables on the induction of clinical
remission at 4 months; previous use of thiopurine was a
significant independent factor associated with poor out-
comes (odds ratio [OR] 0.202, 95% confidence interval
[CI] 0.082-0.494, p <0.001; Table 3). Also, a higher dose
MTX (> 15 mg/week) was a significant independent fac-
tor associated with corticosteroid-free clinical remission
of MTX combination therapy at 4 months (OR 2.687, 95%
CI 1.071-6.738, p=0.035; Table 3). Among the patients
on combination therapy with biologics, no statistically sig-
nificant difference of steroid-free clinical remission rates at
4 months was found according to type of biologics (30.7%

[31/101] for infliximab, 21.6% [11/51] for adalimumab,
33.3% [4/12] for ustekinumab, and 25.0% [1/4] for vedoli-
zumab; p =0.330).

A total of 96 patients underwent endoscopy after
28.0 months (median, 16.1 months; range 6.0-99.0 months).
Among them, 36 patients (37.5%) achieved endoscopic
remission after MTX combination therapy. Using the Cox
proportional hazard analysis, a longer disease duration
(hazards ratio [HR] 0.826, 95% CI 0.720-0.948, p =0.006),
ileocolonic type of Montreal location compared to ileal
type of Montreal location (HR 0.358, 95% CI 0.158-0.942,
p=0.036), and baseline CRP level more than 5 mg/L (HR
0.396, 95% CI 0.167-0.941, p=0.036) were significant
independent factors negatively associated with endoscopic
remission of MTX combination therapy (Table 4). A higher
dose MTX (> 15 mg/week) was a statistically significant
independent factor positively associated with endoscopic

Table 3 Logistic regression analysis for steroid free remission of methotrexate combination therapy at 4 months

Variables Univariate analysis Multivariate analysis
OR 95% CI p value* OR 95% CI p value*
Age at initiation of MTX, years 0.920 0.881-0.962 <0.001 1.003 0.955-1.054 0.902
Males 0.850 0.416-1.738 0.656
Disease duration, years 0.830 0.762-0.905 <0.001 0.923 0.848-1.004 0.062
Current smoking 0.949 0.411-2.189 0.902
BMI (kg/m?) 1.023 0.950-1.102 0.552
Montreal location 0.434
Ileum 1.000 Reference -
Colon 1.909 0.569-6.410 0.295
Ileocolon 0.946 0.421-2.130 0.894
Montreal behavior 0.037 0.293
Nonstricturing, nonpenetrating 1.000 Reference - 1.000 Reference -
Stricturing 0.900 0.390-2.072 0.804 2.466 0.757-8.033 0.134
Penetration 0.337 0.144-0.788 0.012 1.176 0.372-3.716 0.783
Perianal lesion 2.136 1.045-4.367 0.037 1.659 0.695-3.962 0.254
Previous surgery 0.313 0.135-0.727 0.007 0.648 0.211-1.994 0.449
Previous medication
Thiopurine 0.103 0.048-0.219 <0.001 0.202 0.082-0.494 <0.001
Biologic agents 0.322 0.162-0.639 0.001 0.740 0.239-2.291 0.601
Starting MTX after biologic therapy initiation (vs. Start- 0.433 0.219-0.858 0.016 0.933 0.311-2.802 0.901
ing MTX and biologic therapy at the same time)
Concomitant biologic agents (anti-TNF vs. other) 2.328 0.842-6.434 0.103
Baseline CDAI score 0.994 0.990-0.998 0.003 0.996 0.991-1.001 0.121
CRP level, mg/L (=5 mg/L) 0.495 0.247-0.991 0.047 0.743 0.302-1.827 0.518
Hemoglobin level (< 10 g/dL) 0.696 0.183-2.643 0.594
Albumin level (<3.5 g/dL) 1.778 0.818-3.864 0.146
Initial administration route (parenteral vs. oral) 3.452 1.735-6.870 <0.001 1.424 0.560-3.624 0.458
MTX dose (> 15 mg/week) 4.667 2.020-10.782 <0.001 2.687 1.071-6.738 0.035

Bold values indicate significant variables in multivariate analysis

MTX methotrexate, OR odds ratio, BMI body mass index, CRP C-reactive protein
*p value for comparing clinical remission and non-remission in Crohn’s disease patients treated with MTX combination therapy
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Table 4 Cox proportional hazards analysis for endoscopic remission of methotrexate combination therapy
Variables Univariate analysis Multivariate analysis
HR 95% CI p value* HR 95% CI p value*
Age at initiation of MTX, years 0.894 0.831-0.961 0.002 1.035 0.964-1.111 0.349
Males 1.446 0.633-3.304 0.382
Disease duration, years 0.748 0.642-0.872 <0.001 0.826 0.720-0.948 0.006
Current smoking 0.508 0.178-1.448 0.205
BMI (kg/m?) 1.034 0.977-1.094 0.249
Montreal location 0.003 0.034
Ileum 1.000 Reference - 1.000 Reference -
Colon 1.704 0.691-4.203 0.247 0.709 0.278-1.810 0.472
Ileocolon 0.443 0.203-0.969 0.041 0.358 0.158-0.942 0.036
Montreal behavior 0.054 0.923
Nonstricturing, nonpenetrating 1.000 Reference - 1.000 Reference -
Stricturing 0.517 0.212-1.260 0.147 1.222 0.446-3.336 0.689
Penetration 0.347 0.133-0.908 0.031 1.009 0.299-3.400 0.989
Perianal lesion 1.767 0.869-3.591 0.116
Previous surgery 0.386 0.136-1.091 0.073
Previous medication
Thiopurine 0.142 0.059-0.342 <0.001 0.488 0.125-1.901 0.301
Biologic agents 0.521 0.268-1.012 0.054
Starting MTX after biologic therapy initiation (vs. Start- 0.655 0.339-1.265 0.208
ing MTX and biologic therapy at the same time)
Concomitant biologic agents (anti-TNF vs. other) 0.811 0.248-2.647 0.729
Baseline CDAI 0.997 0.992-1.001 0.091
CRP level, mg/L (=5 mg/L) 0.281 0.123-0.642 0.003 0.396 0.167-0.941 0.036
Hemoglobin level (<10 g/dL) 0.917 0.220-3.834 0.906
Albumin level (<3.5 g/dL) 1.862 0.896-3.872 0.096
Initial administration route (parenteral vs. oral) 2.855 1.425-5.720 0.003 1.001 0.408-2.453 0.999
MTX dose (> 15 mg/week) 4.119 1.454-11.670 0.008 3.180 1.074-9.411 0.037

Bold values indicate significant variables in multivariate analysis

MTX methotrexate, HR hazards ratio, BMI body mass index, CRP C-reactive protein

*p value for comparing endoscopic remission and non-remission in Crohn’s disease patients treated with MTX combination therapy

remission of MTX combination therapy (HR: 3.180, 95%
CI: 1.074-9.411, p=0.037; Table 4).

Seventy-four patients discontinued MTX combination
therapy, and the main reason for discontinuation of combi-
nation therapy was intolerance (44.6%). Other reasons for
discontinuation of combination therapy were de-escalation
(28.4%), clinical ineffectiveness (12.2%), pregnancy plans
(4.1%), and self-discontinuation (10.8%) (Table 2).

Discussion

MTX was first used in patients with IBD in 1987, and it had
a significant beneficial effect on induction and maintenance
in patients with IBD as per a recent Cochrane review [11,
15, 16]. Nevertheless, azathioprine is preferentially used
over MTX as the mainstream treatment for IBD [17]. The

reasons might be the lack of studies on MTX, its non-oral
administration route, and the considerable side effects of
high-dose MTX in patients with cancer [18]. The COMMIT
trial appeared disappointing in terms of the clinical benefits
of MTX combination therapy [11]. Moreover, MTX was
not effective in treating UC [19]. MTX in combination with
infliximab did not show any clinical benefit compared with
infliximab alone (30.6% vs. 29.8%, p=0.63) in a randomized
trial, despite the favorable effects of MTX on ATI (20.0%
vs. 4.0%, p=0.01) [11]. We hypothesized that the corticos-
teroids administered to every patient in the COMMIT trial
for active symptoms might have obscured the benefits of
MTX. It is still possible that the significant reduction in the
development of ATI by MTX may translate into long-term
benefits of combination therapy with MTX, which was not
explored in COMMIT [20]. Therefore, we investigated the
effectiveness and safety of the combination of MTX and a
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biological agent for the induction and maintenance of ster-
oid-free clinical remission in CD. To our knowledge, this is
the first real-life clinical outcome study using a combination
of MTX and a biological agent for patients with CD, par-
ticularly in East Asia.

Two retrospective studies aimed to optimize the dose
of MTX combination therapy in patients with IBD, with
conflicting results. Colman et al. conducted a single-center
retrospective study to investigate the maintenance of clini-
cal remission with MTX combination therapy in 73 patients
with IBD (54 patients with CD) [21]. Of them, 22 patients
(29%) were prescribed a higher dose MTX (> 15 mg/
week) with combination therapy and 55 patients (75%)
were administered MTX orally [21]. A higher dose MTX
(=15 mg/week) combination therapy was better for the
maintenance of clinical remission compared to low dose
MTX in this study, but they did not confirm the effectiveness
of MTX dose combination therapy in terms of endoscopic
outcome. Borren et al. conducted a single-center retrospec-
tive study to investigate the maintenance of clinical remis-
sion with MTX combination therapy in 222 patients with
IBD (163 patients with CD). Of these, 159 patients (72%)
were prescribed high-dose MTX (> 15 mg/week) and 123
patients (55%) were administered MTX orally [22]. There
was no difference in the clinical effectiveness of MTX com-
bination therapy according to the MTX dose in this study.
We conducted a multicenter, retrospective study of only
patients with CD, 61% of whom were prescribed a higher
dose MTX (> 15 mg/week) combination therapy, and 63%
were administered orally. We found that a higher dose MTX
(> 15 mg/week) combination therapy was positively associ-
ated with induction of steroid-free clinical remission, and by
extension, endoscopic remission, compared to a lower dose
MTX in patients with CD. The initial administration route
(parenteral vs. oral) or type of concomitant biological agent
(anti-TNFs vs. other biological agents) was not associated
with the clinical outcomes of MTX combination therapy
in patients with CD. Also, among a total of 169 patients
who were treated with combination therapy with MTX and
followed up for over 6 months, 105 patients (62.1%) were
treated with higher dose of MTX (> 15 mg/week) and the
other 64 patients (37.9%) treated with lower dose of MTX
(< 15 mg/week), and the adverse event proportion was not
different between the high-dose (13/105 patients, 12.4%)
and low-dose groups (14/64 patients, 21.9%) (p=0.130).
The effectiveness of a higher dose of MTX was evident in
our study, in addition to the modulation of immunogenicity.
Further follow-up studies with prospectively adjusted doses
and controlled variables are necessary.

Our study included patients who did not respond to thio-
purines and/or biological agents, whereas most previous
studies enrolled biological agent-naive patients. Using mul-
tivariate Cox regression analysis, we found that previous
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thiopurine use was negatively associated with steroid-
free clinical remission after MTX combination therapy in
patients with CD. This result suggests that the mechanism
of action of MTX combination therapy on CD involves not
only the reduction in the immunogenicity of biologic agents
but also a synergistic effect with the immunosuppressive
properties of MTX itself. Moreover, since the mean disease
duration of our study was 6.7 + 6.6 years, which is quite
long, there is a limitation in not knowing the results of MTX
combination therapy in patients with early CD. Nevertheless,
in our study, a short disease duration was positively associ-
ated with endoscopic remission, suggesting that the effect
of MTX combination therapy could be further improved in
patients with early CD. Taken together, thiopurine-naive
patients with early CD are expected to show good respon-
siveness to MTX combination therapy.

An elevated baseline CRP level of more than 5 mg/L
was negatively associated with endoscopic remission in our
study, which is consistent with the results of previous stud-
ies. CRP is a useful serum biomarker for predicting severe
clinical outcomes in CD [23]. Ileocolonic type of Montreal
location compared to ileal type of Montreal location was
negatively associated with endoscopic remission in our
study. Compared to isolated colonic involvement, isolated
ileal involvement and ileocolonic involvement were associ-
ated with higher risk for change in disease behavior, devel-
oping intestinal complications, but they were significantly
less likely to achieve a response or remission. However,
there are few studies comparing the clinical outcomes of
ileocolonic CD and ileal CD. Also, in our study, ileocolonic
CD was negatively associated with endoscopic remission
compared to ileal CD.

One of the biggest concerns of combination therapy is
the potential for increased adverse events, such as severe
infections and malignancies. Of a total of 185 patients who
were treated with MTX combination therapy, 33 patients
(17.8%) discontinued MTX due to intolerance, and this
result was comparable to the results of previous studies
that evaluated azathioprine. Colombel et al. reported that
20.7% of patients who received infliximab and azathio-
prine combination therapy had to stop treatment due to
adverse side effects or non-response [24]. Alessandro
et al. reported that 27 of 126 patients (21.4%) experi-
enced adverse events during follow-up, but only 11.1% of
them (14 of 126) discontinued treatment due to adverse
events [25]. Of the 185 patients treated with MTX com-
bination therapy, 7.6% complained of nausea, 3.8% had
increased liver enzyme levels, and 2.0% complained of
cytopenia. MTX could be a safer drug than thiopurines
for treating nausea and cytopenia, which is consistent with
the results of previous studies [8, 10, 26]. In particular,
MTX should be used as first-line treatment in patients
with NUDT15 mutations [27]. Nausea, which occurred
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in about 2.0-19.0% of patients in previous studies, can be
reduced by the use of folic acid [28, 29]. Liver toxicity,
which was reported in 14.3-25.0% of patients in previous
studies, appears to occur less frequently in IBD than in
other inflammatory disorders such as psoriasis [30, 31].
MTX, an analog of folic acid and aminopterin, can also
cause myelosuppression, but significant cytopenia occurs
uncommonly; it was 0-4.5% in previous Western studies
[31-33]. However, given the possible side effects, regular
treatment monitoring is recommended in these guidelines
[34-36].

This study had several limitations. First, it was a retro-
spective, cross-sectional study based on a review of medical
records. The dose and route of MTX administration were not
consistent among the institutions in the study. Nevertheless,
we were able to identify the predictive factors related to the
clinical outcomes of MTX combination therapy by analyz-
ing a large number of well-organized databases containing
laboratory data. Second, the endoscopic response was evalu-
ated only in some patients at inconsistent time points. Third,
we were not able to measure anti-drug antibody (ADA) and
drug levels in this study. The reasons why ADA and drug
levels could not be collected every time at a clinical site
were: first, because this study was a retrospective study; and
second, due to Korea’s insurance conditions, the measure-
ments were covered by the National Insurance System only
when biological agents were ineffective.

Our study showed that MTX combination therapy can be
used in adult patients with IBD with an acceptable effective-
ness and tolerability profile. Also, we found that a higher
dose MTX (> 15 mg/week) combination therapy is superior
in terms of clinical and endoscopic remission compared with
MTX at lower doses.

Summary

Methotrexate (MTX) combination therapy with biological
agents was effective and tolerable in patients with Crohn’s
disease. Previous thiopurine use, MTX dose, disease dura-
tion, Montreal location, baseline C-reactive protein level
were independent factors associated with clinical and endo-
scopic remission.
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