
https://doi.org/10.1177/17562848221085889 
https://doi.org/10.1177/17562848221085889

Ther Adv Gastroenterol

2022, Vol. 15: 1–30

DOI: 10.1177/ 
17562848221085889

© The Author(s), 2022. 
Article reuse guidelines:  
sagepub.com/journals-
permissions

Therapeutic Advances in Gastroenterology

journals.sagepub.com/home/tag 1

Creative Commons Non Commercial CC BY-NC: This article is distributed under the terms of the Creative Commons Attribution-NonCommercial 4.0 License  
(https://creativecommons.org/licenses/by-nc/4.0/) which permits non-commercial use, reproduction and distribution of the work without further permission 
provided the original work is attributed as specified on the SAGE and Open Access pages (https://us.sagepub.com/en-us/nam/open-access-at-sage).

Introduction
Methotrexate (MTX) has a long history as an 
effective therapy of oncological diseases, such as 
acute leukaemia, or rheumatologic diseases, such 
as rheumatoid arthritis and psoriasis. Over the 
past 30 years, several studies have also evaluated 

its efficacy in the treatment of inflammatory 
bowel disease (IBD).

The first description of MTX use in Crohn’s dis-
ease (CD) dates back to 1989 with the pilot study 
by Kozarek et  al.1 Since then, MTX has been 
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included in international therapeutic guide-
lines,2–5 although its positioning is currently 
uncertain in an era in which new and effective 
drugs are available, in particular the anti-TNFα 
(infliximab – IFX, adalimumab – ADA, certoli-
zumab pegol – CZP) or anti-integrin (vedoli-
zumab – VDZ) and anti-IL12/23 (ustekinumab –  
UST) biologics.

Despite this, new interest has been raised about 
MTX in CD. In fact, the literature has been 
enriched with new studies aimed at delineating 
the best patient profile to benefit from this ther-
apy according to age, concomitant or previous 
therapies, comorbidities and disease behaviour.

In this review, we will focus on the adult litera-
ture, although it should be noted that MTX is 
also emerging in the paediatric literature as the 
preferred immunosuppressant compared with 
thiopurines6 because of concerns about rare cases 
of lymphoma in young males, treated with thio-
purines in combination with anti-TNFα.7 A 
recent systematic review of observational studies 
demonstrated the ability of MTX to induce clini-
cal remission of disease in paediatric patients 
with CD in nearly 60% of cases at 3–6 months.8 
Thus, it is expected that more patients on MTX 
therapy will transit in the hands of the adult 
gastroenterologist.

Finally, MTX has been studied in the treatment 
of ulcerative colitis (UC),9,10 but the recent 
METEOR and MERIT-UC trials failed to dem-
onstrate the efficacy of MTX in inducing and 
maintaining disease remission at 24 and 54 weeks, 
respectively.11,12

Methods
Medline, PubMed and Scopus were used to 
extract eligible studies, from database inception 
to May 2021. The terms ‘methotrexate’ AND 
(IBD OR Crohn’s) AND (combination therapy 
OR biologics OR infliximab OR adalimumab OR 
golimumab OR certolizumab OR vedolizumab 
OR ustekinumab OR extraintestinal manifesta-
tions OR erythema nodosum OR pyoderma gan-
grenosum OR arthritis OR spondylitis OR uveitis 
OR sclerosing cholangitis) were matched. The 
initial search yielded 1096 results, which were 
extracted by three independent gastroenterolo-
gists (A.C., M.P. and C.C.C.). Further selection 
was performed by the specialists in rheumatology 

(A.B.), dermatology (M.L.) and ophthalmology 
(P.R.) for each respective field of expertise, find-
ing an additional 87 studies. After the exclusion 
of duplicates, overlapping and inappropriate 
records, a total of 163 studies were included 
(Figure 1). All authors finally analyzed the spe-
cific indications for which MTX was used. For 
each indication, formulation and dosage, we per-
formed a systematic review following the rules  
of the Preferred Reporting Items for System- 
atic Reviews and Meta-Analysis (PRISMA) 
Statement. Clinical use of topical MTX was not 
included.

Results

Pharmacokinetics, formulation and dosage
The formulation and dosage of MTX may influ-
ence the clinical efficacy of the drug. MTX can be 
administered through oral, subcutaneous, intra-
muscular and intravenous routes. Its individual 
bioavailability varies from 45% to 100% depend-
ing not only on the route of administration but 
also on various patient-dependent factors and the 
indication for treatment (type, extent and activity 
of disease). For example, it is not clear whether 
established pharmacokinetic data demonstrated 
in non-gastroenterological (eg, rheumatologic) 
case series can be transferred to patients with CD, 
depending on the site and inflammatory activity 
of the disease, particularly with regard to small 
bowel disease.13

In general, the bioavailability of the oral route is 
thought to be slightly lower than that of the par-
enteral route.14 After oral intake, MTX is 
absorbed in the proximal jejunum by a saturable, 
dose-dependent process.15 It follows that the bio-
availability of the oral form is higher at low doses 
(up to 15 mg), whereas intestinal absorption may 
be relatively lower with higher doses of the drug. 
However, in patients with proximal small bowel 
CD, the absorption and, therefore, the bioavaila-
bility of the drug might be reduced, but specific 
studies are lacking.

In quiescent CD, two studies described a bioavail-
ability of 73–86% for the oral form compared with 
the subcutaneous form.16,17 Despite this lower bio-
availability than the parenteral formulation, some 
authors believe that, at least in patients with CD in 
remission, the oral form (preferred by patients for 
convenience, if tolerated) should not be discarded 
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a priori, according to some positive results in 
uncontrolled series. However, as it will be shown 
below, the oral formulation is not supported by 
randomized controlled trials (RCTs) in CD.

To improve the bioavailability of the oral formu-
lation of MTX, double split dose administration 
of oral MTX (halved doses 8 h apart, dose rang-
ing 25–35 mg/week) has been proposed in rheu-
matoid arthritis,18 but this strategy has not yet 
been tested in IBD. More recently, several formu-
lations for targeted release have been developed 
exploiting the lymphatic route to increase drug 
bioavailability and thus reduce side effects, using 
micelles,19,20 microspheres,21 nanoparticles,22,23 
liposomes,24 polymersomes,25 nanoemulsions26 
and glucan particles,27 but none of these formula-
tions have been tested in IBD.

The use of intramuscular MTX in adult CD is 
supported by controlled studies of induction and 
maintenance of remission, in specific clinical sce-
narios (see below). The intramuscular formulation 
is associated with side effects, such as neuropathy, 
local irritation, pain, bleeding, fibrosis, abscesses, 
gangrene, and local contractures. However, the 
subcutaneous formulation of MTX is a viable 

alternative for parenteral use; although not used in 
controlled studies in adult CD, subcutaneous 
injections have shown similar pharmacokinetics to 
the intramuscular form, with comparable serum 
drug concentrations.28,29 In addition, the subcuta-
neous formulation is burdened with less local tox-
icity at the injection site and is suitable for 
self-administration by the patient.29,30

However, it is believed by some authors that the 
dose is more important than the formulation in 
determining the efficacy of MTX. In this regard, 
few studies comparing the various doses of MTX 
did not stratify the patient by the route of admin-
istration or indication for treatment. Egan et al.,9 
in a small single-blind study, randomized patients 
with steroid-dependent IBD to two different doses 
of intramuscular MTX (25 versus 15 mg) plus 
steroids, but the authors included both patients 
with CD and UC in the analysis, thus not provid-
ing a picture for the specific scenario of CD.

Finally, no protocols for therapeutic monitoring 
of MTX are currently available.31,32 MTX is 
metabolized to active polyglutamates that accu-
mulate in cells. The intracellular level of polyglu-
tamates in red blood cells reflects systemic 

Figure 1. PRISMA flow diagram of study screening and selection.
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exposure, but two small studies described little 
correlation between these concentrations and the 
control of IBD.9,33

Efficacy in intestinal indications
In 1989, Kozarek et al.1 were the first authors to 
describe the use of MTX in the induction of a 
clinical response in active CD. This was an open-
label, pilot study, with 14 patients refractory to 
various therapies at that time (steroids, salazopy-
rin and metronidazole), which were treated with 
intramuscular MTX at a dose of 25 mg/week for 
12 weeks, then switched to an oral maintenance 
dose of 15 mg/week in case of initial response; an 
unspecified proportion of these patients had also 
failed immunosuppressants. In total, 79% of 
patients reported a clinical response defined by 
the reduction in clinical activity index and signifi-
cant reduction in steroid dose, but the steroid-free 
remission dropped to 50% at 12 weeks.

Several subsequent studies have described the use 
of MTX in other patients series (Tables 1–5), 
which are very heterogeneous in terms of disease 
behaviour (steroid-dependent or -refractory dis-
ease, intolerance or refractoriness to thiopurines, 
previous or concomitant biologic therapy), treat-
ment regimen (formulation, dose and duration of 
therapy) and outcomes analyzed (response versus 
remission), thus providing some confusion in the 
generalization of results. Controlled studies are 
even few (Table 1), and published meta-analyses 
suffer from the limitations of the included studies, 
without focusing on the specific indication for 
treatment.34–38 Therefore, we report the available 
evidence sorted, where possible, by type of patient 
and indication for MTX use.

Induction of remission in steroid-dependent or 
refractory CD. Steroid-dependency is the only 
indication for which MTX currently has evidence 
from RCTs in CD, all performed in the pre- 
biological era (Table 1).10,39–43 Many other uncon-
trolled studies, mostly retrospective (Tables 2 and 
3),9,44–65 are also available, but they have included 
heterogeneous populations of both steroid-refractory 
and steroid-dependent patients, thus preventing a 
clear interpretation of the performance of the var-
ious formulations of MTX in these two distinct 
clinical scenarios. In particular, the efficacy of 
MTX in steroid-refractory patients is not ana-
lyzed in any specific study.

In steroid-dependent CD, the placebo-controlled, 
double-blind, multicenter study by Feagan et al.39 
concerned a group of patients, naive to immuno-
suppressants and biologics, who according to a 
now ‘dated’ definition can be defined as steroid-
dependent,66 as they were active after at least one 
attempt to withdraw the steroid and therefore 
maintained on treatment with at least 12.5 mg of 
prednisolone/day. The authors demonstrated 
superiority of intramuscular MTX at a dose of 
25 mg/week compared with placebo, with remis-
sion achieved at 16 weeks in more than one-third 
of patients (p = 0.025).

Opposite results were presented by two other pla-
cebo-controlled studies using oral MTX and 
lower doses ranging 12.5–22.5 mg/week, once 
again in steroid-dependent CD.41,42

Two further RCTs compared MTX with thiopu-
rines, without significant differences as steroid-
sparing agents in steroid-dependent CD.10,40 
MTX was used, in addition to steroids, at the oral 
dose of 15 mg/week, in the first study by Matè-
Jimenez10 (induction of remission at 
30 weeks = 80% MTX versus 93.7% 6-MP versus 
14% mesalazine), while it was used at intravenous 
doses of 25 mg/week for 3 months, followed by 
the 25 mg/week oral dose for another 3 months, in 
the second study by Ardizzone et  al.40 (steroid-
free remission = 44% MTX versus 33% AZA at 
3 months; 56% MTX versus 63% AZA at 
6 months).

The onset of clinical benefit with MTX, in terms 
of significant steroid reduction, is reported with 
variable latency, averaging 12 weeks.67

Second-line immunosuppressive therapy in patient’s 
failures to thiopurines. No prospective controlled 
trials using MTX in patient’s failures to thiopu-
rines monotherapy and naive to biologics are 
available. In adults, only eight retrospective stud-
ies, most using parenteral MTX, have described 
case series specifically limited to patients defined 
as failures to thiopurines,46,50,53,54,56,61,63,65 with 
variable remission rates: 30–86% at 6 months, 
10–77% at 1 year and 20% at 5 years (Table 2); 
however, the outcome was not clearly stratified by 
the type of failure (ineffectiveness versus intoler-
ance) and by immunosuppressant indication  
(steroid-dependency versus refractoriness), except 
in two cases. Domènech et  al.,53 in 22 
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steroid-dependent patients (10 refractory and 12 
intolerant to thiopurines), reported a steroid-free 
clinical remission with MTX (used parenterally 
in 84% of cases) of 77% at 16 weeks in the entire 
case series, which was maintained in 72%, 46% 
and 39% of cases at 1, 2 and 3 years, respectively. 
Even more specifically, Huang et al.63 in a recent 
case series of 51 steroid-dependent CD patients 
reported steroid-free clinical remission at 16 weeks 
in 65.7% and 75% of patients refractory or intol-
erant to thiopurines, respectively.

Third-line therapy in patient’s failures to biologics.  
No controlled studies have been published for this 
clinical scenario. Some uncontrolled studies have 
included patients treated with MTX after failure of 
anti-TNFα drugs (Tables 2 and 3)30,52,56,57,59,61–63,65 
but did not provide the outcomes of this specific 
subgroup. Recently, a retrospective multicenter 
Spanish study from the ENEIDA registry, specifi-
cally described 110 patients, with previous failure 
to at least one anti-TNFα agent, who had switched 
to MTX monotherapy.68 Before switching to 
MTX, 77% of patients had already received a 

thiopurine; 54 patients (49%) were taking con-
comitant steroids. The induction dose of MTX 
was predominantly 25 mg/week parenteral. Short-
term clinical remission (week 16) was achieved in 
30.9% of cases; of these responders, long-term 
effectiveness was maintained in 82% and 74% at 
12 and 24 months, respectively. In the multivari-
ate analysis, non-remission at short-term was 
associated with long-term failure.

No studies are available on the use of MTX as 
rescue therapy after the failure of VDZ or UST.

Maintenance of remission. Once again, Feagan 
was the first author of the only randomized,  
placebo-controlled study that demonstrated the 
efficacy of parenteral MTX for the maintenance 
of steroid-induced clinical remission, specifically 
in steroid-dependent CD.43

In this multicenter study on 76 patients, an induc-
tion dose of 25 mg/week intramuscular for 16–
24 weeks was used, followed by a maintenance 
dose of 15 mg/week intramuscular, for 40 weeks. 

Table 4. Mucosal healing and MTX.

Author (year) Study design No. of patients MTX 
formulation

MTX dosage Mucosal healing

Kozarek et al.1 Prospective, 
open

14 Intramuscular 25 mg/week Total 5/11 (45%), only in 
colonic disease.

Manosa et al.71 Retrospective 8, steroid-
dependent

Parenteral 
(s.c./i.m.)

25 mg/week for 
16 weeks, then 
15 mg/week on 
maintenance

Complete in 3/8 (37.5%), 
partial in 2/8 (25%)

Huang et al.63 Retrospective 31 Subcutaneous 20 mg/week Complete in 47.4% at 
36 weeks

Laharie et al.70 Prospective, 
comparing MTX, 
AZA and IFX

51, quiescent Parenteral 15–25 mg/week Absence of ulcers in 11% 
MTX versus 50% AZA 
versus 60% IFX (p = 0.008 
versus MTX)

Rouiller-
Braunschweiga et al.64

Retrospective 93 n.r. n.r. 11.8% if MTX < 3 months 
9.5% if MTX > 3 months

Vasudevan et al.72 Retrospective, 
comparing IFX/
ADA and MTX/
thiopurines

269
(77 MTX, 192 
thiopurines,
156 IFX
113 ADA)

Not clear: s.c. in 
58% of patients 
on at least 
20 mg/week

Median 20 mg, IQR 
10–25 mg/week. 
71% of patients on 
at least 15 mg/week, 
61% on at least 
20 mg/week

58% anti-
TNF + thiopurines 17% 
anti-TNF + MTX (p < 0.01) 
at 12 months

CD, Crohn’s disease; IFX, infliximab; IQR, interquartile range; MTX, methotrexate.
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Of note, no other CD-related medication was 
allowed in the maintenance phase.

In responders at week 16, the study reported a 
steroid-free remission rate of 65% at 40 weeks in 
the MTX group, compared with 39% in the pla-
cebo group (p = 0.04). Interestingly, about half of 
the patients who relapsed on MTX 15 mg/week 
regained remission after reinduction with the 
25 mg/week intramuscular dose (along with 
prednisone).

Comparing MTX with thiopurines as mainte-
nance therapy in CD, three RCTs, in a total of 77 
patients (mostly steroid-dependent) for 24–
76 weeks, did not conclude for the superiority of 
one drug over the other.10,40,41

A further pletora of studies, mostly retrospective, 
have been published describing small case series 
of patients treated with maintenance MTX, with 
variable dosages, durations of treatment and per-
centages of patients failures to thiopurines or IFX 
(Tables 2 and 3): the maximum follow-up 
described is 5 years, with a maintained clinical 
remission in 20% of patients.62

From these case reports, although heterogeneous, 
it is clear that, even for MTX, secondary loss  
of response becomes a problem over time, with 
remission rates progressively decreasing over  
the years. While the steroid-free remission  
is described in a range of 10–80% of patients  
at 1 year42,43,46,50,51,53,61,63 and 46–70% at 
2 years,10,48,53,61 the same falls to 39% at 3 years53 
and 20% at 5 years.61

Current guidelines do not define the duration of 
therapy with MTX. However, a retrospective 
study, which included 19 patients with CD and 
UC, reported a high relapse rate after discontinu-
ation, most often within 1 year. Remission rate 
after treatment withdrawal at 6, 12 and 18 months 
were 42%, 21% and 16%, respectively.49 There is 
more evidence on the withdrawal of MTX in 
patients with rheumatoid arthritis, where better 
outcomes have been found by distancing the 
weekly doses to every 2 weeks than with stopping 
the drug.69

Mucosal healing. No controlled studies have ana-
lyzed the endoscopic and histological healing of 
MTX as primary endpoints in CD. The ability of 
MTX to induce mucosal healing in CD is reported 

in two prospective uncontrolled studies1,70 and in 
four small retrospective studies,63,64,71,72 ranging 
from 11% to 45% according to different defini-
tions of complete endoscopic remission. The most 
favourable data have been described with paren-
teral formulations, starting with doses of 20–
25 mg/week (Table 4). However, the only 
prospective comparison study by Laharie et al.,70 
reported significantly better mucosal healing rates 
both with AZA or IFX than with parenteral MTX 
(50%, 60% and 11%, respectively).

Another recent, retrospective, study compared 
the mucosal healing rate induced by combination 
therapy with anti-TNFα and AZA versus anti-
TNFα and MTX, reporting rates of 58% and 
17% (p < 0.01), respectively, at 12 months.72 This 
difference was even more evident when the anti-
TNFα drug used in combination was IFX 
rather than ADA: endoscopic remission at 
12 months was not achieved in any of the 11 
patients treated with MTX + ADA compared 
with 4/12 (33%) patients treated with 
MTX + IFX.72

Regarding histologic response, only the Laharie’s 
study is available; however, no significant differ-
ences between MTX, AZA and IFX were 
described, using D’Haens’ score.70

Fistulizing CD. The efficacy of MTX monotherapy 
in fistulizing CD has been evaluated in small ret-
rospective studies (ranging from 4 to 29 patients), 
which included various types of fistulas, both 
perianal and internal.45,50,59,73,74 The anatomic 
type of fistula and its complexity is not always 
specified and its response to previous therapies. 
When reported, complete closure of fistulas 
occurred in 22–50% of patients.45,50,74

The only RCT by Ardizzone et al.,40 controlled to 
thiopurines, was not designed for this purpose, 
but in six patients with CD it reported the com-
plete closure of perianal fistulas in 50% of patients 
at 1 month and 67% at 3 and 6 months.

The response to a combined approach with MTX 
plus IFX and surgery led to complete closure 
rates ranging from 33% to 74% of patients.75–77 In 
the study by Roumeguère et al., an initial drain-
age with possible seton placement was performed 
and a second surgical step with seton removal (as 
well as possible procedures, such as fibrin glue 
and/or reconstructive flap) was planned between 
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the second and third infusion of IFX. Parenteral 
MTX 25 mg/week was administered 2–3 months 
after the first surgical step, followed by IFX 
1 week later.76

Prevention of postoperative recurrence. The use 
of MTX in the prevention of postoperative recur-
rence of CD has so far been described by only one 
small prospective study that analyzed the combi-
nation of IFX 5 mg/kg and low doses of oral MTX 
(10 mg/week), the latter given to reduce the 
immunogenicity of IFX (see below).78 The 
authors compared 7 patients on combo treatment 
with 16 control patients treated with oral mesala-
zine. No patients on combination therapy experi-
enced endoscopic recurrence at 2 years, compared 
with 12/16 patients on mesalazine.

Combination therapy with biologics: clinical 
efficacy

Infliximab. IFX + MTX combination therapy has 
not demonstrated favourable efficacy results to 
date, either in a RCT using high parenteral doses,79 
or in some registries using MTX at unspecified dos-
ages (Table 5).80–82

The only exception was an early small rand-
omized, open-label study by Schröder et  al.,83 
which compared IFX 5 mg/kg monotherapy 
(n = 8) versus IFX + MTX 20 mg/week (n = 11) for 
48 weeks in 19 patients refractory or intolerant to 
AZA. MTX was infused intravenously for the first 
5 weeks then administered per os. Clinical remis-
sion at 48 weeks was 71% in the combination 
group, compared with 33% on monotherapy.

Some years later, the COMMIT trial did not con-
firm these good impression using smaller doses 
(10 mg, increased to 25 mg/week at week 5) of 
subcutaneous MTX in 126 patients who were 
immunosuppressors-naive and received pred-
nisone 6 weeks before.79 Steroid-free remission 
was comparable at both 14 weeks (76% versus 
78%) and 50 weeks (56% versus 57%) in combi-
nation therapy compared with IFX monotherapy, 
respectively. However, the potential effect of con-
comitant steroids in the induction phase of both 
arms makes uncertain this short-term outcome. 
Another bias might have been the lower dose of 
MTX used by Feagan compared with Schroeder. 
However, discordant conclusions have been pro-
vided in two retrospective studies, aimed by the 
research of the best dose of MTX to combine 
with IFX (⩽ 12.5 mg/week or higher).84,85

Adalimumab. Table 5 summarizes the out-
comes of studies describing MTX in combination 
with ADA. A recent meta-analysis of 24 studies 
in CD, regarding the efficacy of adding an immu-
nosuppressor to ADA treatment, did not con-
clude in favour of combination therapy in terms 
of improved remission rates or clinical response.90 
However, this meta-analysis and other studies86–89 
did not stratify outcomes according to the type of 
immunosuppressor (MTX versus AZA) or previ-
ous exposure to biologics (naive versus failures). 
Data regarding MTX are really limited in terms 
of number of patients included and heterogeneity 
of interpretation and, therefore, no firm conclu-
sions can be drawn.

Regarding the most appropriate dose of MTX 
when combined with ADA, there are not com-
parative studies in IBD. In rheumatoid arthritis, 
however, there is even a large RCT that examined 
four different oral dosages (2.5, 5, 10 and 20 mg), 
in biologic-naive patients: similar benefit-risk pro-
file was found for 10 and 20 mg/week of MTX, 
with increased ADA trough levels.91

Certolizumab pegol. The effect of combination 
therapy with CZP and an immunosuppressant, 
including MTX, is unknown. The PRECISE trials, 
in fact, have not reported data about the clinical 
efficacy of combination therapy.92,93 A retrospec-
tive single-centre study of 222 IBD patients (163 
with CD) treated with MTX in combination with 
various anti-TNFα drugs had included 6 patients 
on CZP but did not report the specific outcomes.81

Vedolizumab. Also for VDZ, we do not have 
prospective controlled studies, specifically 
designed to evaluate the effect of combination 
therapy with MTX (Table 6).

A population pharmacokinetic modelling showed 
that MTX had no clinically relevant effect on 
VDZ linear clearance.115 Regarding clinical effi-
cacy, the placebo-controlled, phase III, GEMINI-2 
and GEMINI-3 trials did not analyze the specific 
role of MTX as combination therapy.94,116

Further open-label real-life experiences, which 
are often limited by the retrospective design and 
low numbers of patients included (Table 4), have 
not described significant differences between 
VDZ monotherapy and immunosuppressant 
combination therapy,95–99,101–112,114 except in two 
studies.100,113
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Similar to other biologic agent trials, major limi-
tations of these uncontrolled case series are the 
inability to differentiate the specific contribution 
of MTX compared with other immunosuppres-
sants (especially thiopurines) and the limited 
number of patients included in MTX arms. Only 
three studies, all referring to patient’s predomi-
nant (91–95%) failures to anti-TNFα agents, 
analyzed the specific contribution of MTX, with-
out observing a significant effect of the combined 
treatment, with regard to intestinal clinical end-
points.97,98,111 However, Macaluso et  al.,111 in a 
small case series of four patients (three CD and 
one UC) in whom MTX (15–25 mg/week, 
unspecified formulation) was added to VDZ 
monotherapy in case of persistent joint manifesta-
tions, reported an unspecified joint response in 
two cases at the 15 mg/week dose.

Two studies, including biologic-naive patients, 
did not report benefit from combination therapy 
but results were not stratified for type of immuno-
suppressive drug.109,106

Ustekinumab. Current data from literature do 
not suggest superiority of combination therapy 
with UST and immunosuppressants, including 
MTX. As with other biologics, however, there are 
no controlled trials specifically designed (Table 7).

Phase II and III trial (UNITI-1, UNITI-2 and 
IM-MUNITI) sub-analyses did not show benefit 
from combination treatment, but these are small 
subgroups that render these analysis underpow-
ered and do not provide specific data for 
MTX.117,118,120

Uncontrolled published trials are also limited by 
the retrospective design, the small number of 
included patients (range 2–8) and the inability to 
stratify the immunosuppressant drug.119,121–127

Combination therapy with biologics: immunomodu-
latory effects and drug optimization. In the COM-
MIT study,79 and in a prospective study by 
Vermeire et al.,128 the combination of MTX + IFX 
was associated with significantly lower levels of 
anti-IFX antibodies compared to IFX monother-
apy as well as with higher circulating levels of 
IFX: it is known that these parameters influence 
long-term outcomes, such as secondary loss of 
response to IFX and the development of infusion 
reactions.129,130 Both studies used parenteral 
MTX, with doses ranging from 10–15 mg/week.

Other studies, both in CD and rheumatoid arthri-
tis, confirm the ability of MTX to affect the 
immunogenicity not only of IFX131–133 but also of 
ADA88,134–137 and VDZ,138 especially by reducing 
the development of anti-drug antibodies.

Few studies, limited to the anti-TNFα treatment, 
have analyzed whether this immunomodulatory 
effect is matched by a clinical benefit. A recent 
meta-analysis focused on the clinical response 
associated with the addition of an immunosup-
pressant (MTX or AZA) to anti-TNFα therapy 
(four studies), without specifying MTX (n = 19) 
versus AZA (n = 30) outcomes.139

Concerning IFX, two small retrospective studies 
have provided some clinical data, with positive 
results:140,141 MTX use rather than AZA was sig-
nificantly associated with the risk of relapse (HR 
3.37, 95% CI 1.14–9.96) in 43 patients who 
stopped combination therapy,140 while both 
MTX (n = 2) and AZA (n = 3) restored clinical 
response in five patients with secondary loss of 
response to IFX.141 The addition of parenteral 
MTX was useful also in small series (range 5–21) 
of patients who lost clinical response to ADA, 
without differences with AZA.135,137,142

Finally, Kennedy et al. performed the largest pro-
spective study of anti-TNFα therapy in IBD, by 
enrolling 1610 patients with active luminal CD 
treated with IFX or ADA. Clinical variables that 
were associated with treatment failure were week 
14 drug concentrations and immunogenicity. 
Combination therapy with a thiopurine or MTX 
mitigated this risk. MTX was used in 59/955 
patients treated with IFX and in 30/655 patients 
treated with ADA. No difference was measured 
in terms of immunogenicity between thiopurines 
or MTX.136

Overall, these studies may suggest specific syner-
gistic and/or additive effects between MTX and 
IFX or ADA, favouring the sustainability of long-
term efficacy of the anti-TNFα drug. No studies, 
on the contrary, are available on MTX use as res-
cue therapy in failures to VDZ or UST 
monotherapy.

Cross indications
Artropathies. The most common extraintestinal 
manifestation in IBD patients is the articular one. 
In a simplified way, we can distinguish the axial 
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form, characterized by sacroileitis and spondyli-
tis, from the peripheral form marked by arthritis 
and/or dactilitis and/or entesitis.

While MTX is considered the anchor drug of 
rheumatoid arthritis treatment and the most com-
monly prescribed conventional synthetic disease-
modifying anti-rheumatic drug (DMARD), either 
as monotherapy or in combination with biologic 
or targeted synthetic DMARDs,143,144 there are 
not specific prospective controlled trials for the 
treatment of IBD-associated arthritis.

The use of MTX monotherapy in the axial forms 
of enteropathic arthritis is not supported by a 
Cochrane meta-analysis,145 and it is not endorsed 
by international guidelines,146,147 which instead 

favour anti-TNFα therapies. Notably, in the 
Cochrane review,145 three small RCTs with a 
total of 116 patients were analyzed.148–150 MTX 
doses ranged from 7.5–10 mg/week orally for 12–
24 weeks, while parenteral use was not explored. 
Instead, a small open-label study by Haibel con-
sisting of 20 patients using MTX 20 mg/week 
subcutaneously demonstrated an ASAS20 
response of 25%, which is similar to placebo 
response rates in some studies with anti-TNFα 
agents.151

In peripheral form of enteropathic arthritis, MTX 
showed its efficacy according to treatment guide-
lines for spondyloarthritis,152 although there is no 
evidence derived from ad hoc studies. Responses 
to the drug, variously defined, have been described 

Table 7. Studies reporting MTX use in combination UST in CD.

Author Study design No. of patients MTX 
dosage and 
formulation

Previous anti-TNFα 
(%)

Combo (MTX 
versus AZA)

Clinical benefit 
with combined 
treatment

Sandborn et al.117 RCT 131 n.r. 58 37.4% 
(6.9%/30.5%)

No

Sandborn et al.118 
(CERTIFI)

RCT 394 n.r. 100 24.4% (n.r.) No

Kopylov et al.119 Retrospective, 
single centre

38 n.r. 100 10.5% (5.3%/5.3%) No

Feagan et al.120 RCT 741 (UNITI-1) + 628 
(UNITI-2) + 397  
(IM-UNITI)

n.r. UNITI-1 100%, 
UNITI-2 and IM-UNITI 
not available

UNITI-1 30.8% (?), 
UNITI-2 34.9% (?), 
IM-UNITI 36.4% (?)

No

Khorrami et al.121 Retrospective, 
multicenter

116 n.r. 100 36.2% (n.r.) No

Wils et al.122 Retrospettive, 
multicentre

122 n.r. 100 15% (5.7%/9%) Yes (AZA and 
MTX)

Ma et al.123 Retrospective, 
multicenter

167 n.r. 95.2 43.7% (n.r.) No

Ma et al.124 Retrospective, 
multicenter

104 n.r. 92.3 42.3% (n.r.) Yes (AZA and 
MTX)

Battat et al.125 Retrospective, 
single centre

62 n.r. 100 25.8% 
(16.1%/9.7%)

No

Greenup et al.126 Retrospective, 
single centre

69 n.r. 99 42% (n.r.) No

Wils et al.127 Retrospective 88 responders to 
1-year UST

n.r. 100 14.8% (6%/9%) No

Hu et al.114 Retrospective 63 n.r. n.r. n.r. No

AZA, azathioprine; black-coloured cells, negative outcomes; grey-coloured cells, positive outcomes; MTX, methotrexate; n.r., not reported; RCT, randomized controlled 
trial; TNF, tumour necrosis factor; UST, ustekinumab.
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in cases of spondylitis associated with peripheral 
involvement, either as monotherapy or in combi-
nation with salazopyrin.151,153–157

Also, the use of MTX in combination with anti-
TNFα agents, which is reported in treatment of 
other rheumatic diseases,158,159,160 lacks ad  
hoc studies in IBD-associated arthopaties. 
Conflicting data on the impact of MTX co-treat-
ment on anti-TNFα survival are present in lit-
erature, with some observational cohort studies 
showing positive results,161–164 and a number of 
other large studies which demonstrated no 
benefits.165–168

While, a single prospective monocentre study in 
65 patients with CD and 15 patients with UC 
demonstrated MTX efficacy in patients with par-
adoxical articular manifestations during anti-
TNFα treatment, without reporting its 
formulation.169

Psoriasis and psoriasis induced by anti-TNFα 
agents. MTX remains as one of the first-line 
treatments used in patients with psoriasis, despite 
its lower efficacy compared with ADA and 
IFX.170,171 In the context of IBD, one proposed – 
but unsuccessful – use for MTX is its combina-
tion with anti-TNFα agents to control 
treatment-induced psoriatic lesions. The available 
literature is limited to small series or case reports.

In the first published report, Chu et al. described 
a case of palmoplantar pustular psoriasis that 
appeared during ADA treatment and was refrac-
tory to topical steroids but sensitive to cyclo-
sporine. Not only MTX (in an unspecified 
formulation) but also various other agents failed 
to switch to an alternative maintenance therapy to 
cyclosporine in this notoriously difficult-to-treat 
form of psoriasis.172

Buisson et al. described the effect of MTX in the 
treatment of psoriasiform lesions that arose during 
anti-TNF therapy in seven patients with CD. Six 
patients received 25 mg/week of MTX, whereas 
only one patient received 7.5 mg/week; the formu-
lation was parenteral in all but one patient. At the 
time of MTX introduction, some were continuing 
anti-TNF (n = 2), some switched to other anti-
TNF (n = 3) and some discontinued the drug 
(n = 2). After a follow-up of 20–45 months (median 
29 months), only one patient had a response, that 
lasted 42 weeks and then relapsed.173

In the most recent study by Mazloom et  al. in 
eight patients treated with MTX (only one case in 
monotherapy and the other seven in combination 
with topical therapy), only 4/8 showed an unspeci-
fied improvement, whereas the other four, includ-
ing the patient in monotherapy, had no 
improvement. These patients belonged to a larger 
case series of 102 cases of anti-TNF-induced pso-
riasis, and the indications for anti-TNF were het-
erogeneous, including not only IBD but also 
rheumatologic patients; moreover, treatment out-
come was not stratified by pathology or by type of 
psoriasis. The most useful MTX dose, when effec-
tive, was greater than 15 mg per week, whereas no 
patient treated with dosages below 10 mg had a 
benefit; the formulation was not specified.174

Regarding treatment ab initio in patients with 
both psoriasis and CD, only a recent safety analy-
sis of UST in the various phase II/III registration 
trials is available, which reports no different out-
comes between UST monotherapy and UST in 
combination with MTX.175

Other cutaneous manifestations. With regard to 
other cutaneous manifestations in CD, the use of 
MTX is only anecdotally described in small case 
series of pyoderma gangrenosum (PG) and ery-
thema nodosum (EN), refractory to steroids,176,177 
and in one case report of metastatic CD in com-
bination with IFX.74 RCTs for PG or EN are not 
available.

No studies have described the use of MTX in 
Sweet’s syndrome and in oral CD; on the con-
trary, oral ulcerations can occur as a side effect of 
MTX therapy.

Schmidt et  al., in describing the favourable out-
come of 16 patients treated with pulse cyclophos-
phamide in combination with AZA or MTX, 
reported a ‘substantial improvement’ (in terms of 
pain and regression in size and/or number of 
lesions) within 8 weeks, in all eight patients with 
PG (n = 5) or EN (n = 3), refractory to steroids, 
four of whom treated with MTX (not specifying 
the type of skin lesion in this treatment group). 
After up to 30-month follow-up, all patients has 
achieved and maintained complete remission of 
their skin lesions, but the authors did not describe 
how many of these remained on MTX therapy.176

More recently, Duarte-Chang and Visuetti177 
presented the case of a young man with PG in the 
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setting of active CD, refractory to systemic ster-
oid, who recovered a full clinical response 4 weeks 
after the addition of MTX, at a dose of 25 mg/
week subcutaneously for 16 weeks, followed by 
15 mg/week of maintenance treatment.

Very few other case reports of MTX used for PG, 
not associated with CD, showed mixed results 
(favourable with oral,178 unfavourable with 
unspecified formulations).179

In another case report by Tonkovic-Capin et al.,180 
low doses of oral MTX had a beneficial effect on 
orofacial swelling in a case of cheilitis granuloma-
tosa accompanied by CD with recurrence despite 
systemic glucocorticoids. Cheilitis granulomatosa 
is a rare idiopathic condition with painless lip 
swelling, characterized by non-necrotizing granu-
lomatous inflammation which may precede the 
presentation of CD even after long-term follow-
up. MTX 5 mg orally once weekly was initiated. 
Within 2 months, there was a marked reduction in 
the patient’s facial swelling; increasing MTX dose 
to 10 mg orally once weekly yielded almost com-
plete resolution of facial swelling. This beneficial 
response has been maintained for 16 months, con-
tinuing MTX at the same dosage.

Equally anecdotal is the case of a 35-year-old 
woman with severe fistulizing CD presented with 
pyostomatitis vegetans affecting both the mouth 
and the vulva. Pyostomatitis vegetans is a rare 
non-microbial neutrophilic disease of the oral 
mucosa, associated with IBD. Three injections of 
IFX and maintenance therapy with MTX (25 mg 
weekly) resulted in rapid and complete regression 
of both the pyostomatitis vegetans and the CD, 
during 15 months of follow-up.181

Ocular manifestations. MTX has been frequently 
employed to treat ocular inflammatory diseases, 
including uveitis, scleritis, and orbital inflamma-
tory disease.182 While the use of MTX is advo-
cated at the forefront of paediatric guidelines for 
the treatment of children with chronic anterior 
uveitis and juvenile idiopathic arthritis requiring 
systemic immunosuppression (after failure/intol-
erance of topical steroids),183–186 there are not 
evidence-based guidelines or specific case series 
about its use in the treatment of adult IBD- 
associated uveitis.

In general, the therapeutic approach to uveitis 
has, however, differed minimally for different 

non-infectious etiologies. Most clinical trials for 
uveitis enrolled patients with a specific anatomic 
location for the uveal inflammation but not a spe-
cific etiology.182 Most forms of anterior uveitis 
respond particularly well to topical steroids, 
which are not adequate to treat intermediate and 
posterior uveitis. If topical steroids are not ade-
quate, the treating physicians will usually embark 
on a trial of oral corticosteroids.

The early use of corticosteroid-sparing immuno-
suppression has been advocated by a Delphi 
panel.187 Traditionally, MTX was the most popu-
lar immunosuppressive for this indication.

The first report on the use of MTX in uveitis was 
published in 1965 by Wong and Hersh,188 who 
described positive effects in 9 of 10 patients with a 
diagnosis of ‘cyclitis’ who were refractory to sys-
temic steroid therapy. Since then, small series 
have reported MTX to be effective for ocular 
inflammation in general,189 and for specific ocular 
inflammatory conditions, including uveitis associ-
ated to juvenile idiopathic arthritis,190–193 sar-
coidosis,194 Behcet’s disease,195 mucous membrane 
pemphigoid,196 and rheumatoid arthritis.197

A recent systematic review analyzed the adult lit-
erature regarding the treatment of anterior uvei-
tis, both idiopathic and associated with systemic 
disorders (mainly ankylosing spondylitis):198 with 
regard to MTX, a single-centre prospective study 
in 19 patients,199 and three retrospective studies 
in 36, 104 and 160 patients, respectively, are 
available.200–202 Another retrospective study in 46 
patients with acute anterior uveitis associated 
with HLA-B27-positive ankylosing spondylitis 
(and UC in one patient) has been recently pub-
lished.203 The majority of these studies described 
the efficacy of MTX in patients predominantly 
naive to immunosuppressants and biologics, sig-
nificantly reducing the number of relapses and 
uveitis activity, increasing the interval between 
relapses and reducing steroid consumption. The 
dose of MTX in these patients ranged from 7.5 to 
25 mg/week per os or subcutaneously.

Primary sclerosing cholangitis. Both uncontrolled 
open-label studies and one RCT failed to demon-
strate the efficacy of oral MTX in the treatment of 
primary sclerosing cholangitis (PSC).204,205 The 
empiric use of MTX in patients with PSC is 
therefore not recommended. The same authors of 
the controlled trial suggested continuing studies 
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in patients with precirrhotic disease, without the 
signs of portal hypertension or liver failure, based 
on their previous small series of two patients,206 
and a preliminary study in 10 patients treated 
with low doses of oral MTX, which described 
biochemical and histologic improvement.207 
However, no further controlled studies followed 
in this specific setting.

Discussion
Our systematic review describes the evidences 
available to support the use of MTX in specific 
clinical scenarios of CD, with the aim to critically 
discuss the current indications described by the 
most recent guidelines, as well as its clinical off-
label use, which is increasingly proposed as rescue 
therapy or optimization strategy in different clini-
cal settings.

Our review shows that, despite more than one 
hundred published studies, there are very few evi-
dences on the efficacy of MTX derived from 
RCTs. Moreover, several studies are limited by 
some methodological biases or were performed 

many years ago, according to different criteria of 
patient selection and treatment efficacy.

The latest guidelines recommend the use of MTX 
in patients with active CD as immunomodulator 
in the scenarios of steroid-dependency, steroid-
failure, intolerance to thiopurines or in associa-
tion with anti-TNFα treatment as combination 
therapy.2–5 In our review, we show that steroid-
dependency is the only scenario supported by 
RCT so far.

On the contrary, the other ‘classic’ indications for 
MTX, indicated in previous guidelines and 
deleted or conditionally granted in more recent 
editions,2–5,208,209 do not find support from high 
level of evidence: steroid-refractoriness, failure to 
thiopurines and combination therapy with anti-
TNFα drugs, although described in single uncon-
trolled case series, do not find an unequivocal 
favourable opinion from numerous, but heteroge-
neous, studies. Not surprisingly, the meta- 
analyses published to date describe the extreme 
heterogeneity of study populations, treatment 
regimens and outcome definitions.28–35,210 One 

Figure 2. Positioning MTX use according to intestinal and extraintestinal indications in CD.
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seemingly redundant point, however, appears to 
be the better performance of the higher parenteral 
doses (25 mg per week) compared with the low 
oral doses, the first and only ones to be associated 
with a benefit over placebo in induction 
RCTs.39–42,210

Regarding the maintenance of remission, paren-
teral MTX appears to be effective in maintaining 
steroid-induced remission of CD, with controlled 
data for at least 1 year in steroid-dependent dis-
ease, in favour of the 15 mg/week dose. This has 
been confirmed by some meta-analyses that, 
although limited by the paucity of available ad hoc 
studies, have concluded for a favourable NNT = 4, 
comparable to that reported in meta-analyses 
concerning thiopurines.35–38

The role of the oral formulation as maintenance 
treatment remains uncertain: the unfavourable 
results of the two small placebo-controlled stud-
ies by Oren et al.41 and Arora et al.42 do not seem 
to support this formulation at least at the lowest 
dosages (12.5–15 mg) for 1 year of observation. 
However, the placebo-controlled performance of 
higher dosages (25 mg) is supported by the study 
of Ardizzone et al.40 as an alternative to AZA but 
with higher rates of adverse events (asthenia, nau-
sea and vomiting, not requiring drug withdrawal) 
than AZA, and without data from placebo- 
controlled trials.

In the most favourable studies to date,10,39,40 
MTX was used in patients naive to immunosup-
pressants. More uncertain remains the role of 
MTX in second- and third-line after the failure of 
a first immunosuppressant (virtually thiopurines) 
or at least one biologic. However, it should be 
noted that the studies conducted in the so-called 
‘failures’ actually describe a clinically heterogene-
ous context. In patients with early intolerance to 
AZA, in whom thiopurine has often not yet reach 
any clinical effect, it is not known whether a sec-
ond-line drug, such as MTX, can achieve better 
results than the patient already refractory to AZA 
or other therapies since no controlled study has so 
far stratified the clinical outcome according to 
these clinical characteristics. Our review shows 
that MTX (preferably parenteral) may have a role 
as a second- or third-line therapy, but not pre-
cisely quantifiable by magnitude and sustainabil-
ity of its effect and without clear evidence about 
the best dosage.

Our review then discusses some specific scenarios, 
such as fistulizing disease, postoperative prophy-
laxis, mucosal healing and cross-indications for 
extraintestinal manifestations.

In fistulizing disease and postoperative prophy-
laxis, small uncontrolled studies seem promising 
and interesting, but ad hoc controlled trials are 
needed.

MTX has been periodically tested in association 
with almost all currently available biologic drugs 
to optimize their efficacy and/or immunogenicity, 
but through small or uncontrolled series, or 
according to formulations and dosages that are 
probably not adequate. In some scenarios there is 
a complete lack of data, as in the case of 
MTX + ADA combination in patients naive to 
biologics. In other studies, MTX decreased the 
immunogenic profile of IFX, ADA and VDZ, 
favourably influencing levels of anti-drug anti-
bodies and, in some cases, circulating biologic 
drug. Whether this immunomodulatory effect is 
matched by a clinical benefit remains unclear, but 
it appears that combination therapy does not 
improve the performance of biologics in terms of 
short-term clinical efficacy.

Instead, a challenge of current research is to 
understand whether MTX can be used to opti-
mize long-term biological therapy efficacy. The 
possible scenarios would be its association ab ini-
tio, to prevent the appearance of antibodies to 
drugs, or during biological therapy to modulate 
the eventual profile of immunogenicity, for exam-
ple in case of loss of response or in case of appear-
ance of anti-drug antibodies. At the moment, we 
have few studies, underpowered or retrospective, 
and more focused on combination therapy with 
anti-TNFα agents. No specific data are available 
on the role of MTX in combination with VDZ or 
UST since current studies, reporting no benefit 
by adding immunosuppressants in general, did 
not stratify the outcome between MTX and 
thiopurines.

Even in extraintestinal manifestations, the role of 
MTX is mostly empirical and based on sharing 
similar approaches in other etiologies. In articular 
disease, the oral route had a bad performance, 
while parenteral MTX still deserves better analy-
ses. In psoriasis induced by anti-TNFα agents, 
adding MTX is not useful, while oral MTX can 

https://journals.sagepub.com/home/tag


Therapeutic Advances in Gastroenterology 15

20 journals.sagepub.com/home/tag

be an option in some rare cutaneous manifesta-
tions. Finally, the use of MTX in uveitis seems 
interesting, but no data came from IBD-associated 
uveitis series.

The other side of the coin of the clinical use of 
MTX is safety. Within the standard dose range 
(subcutaneous or intramuscular, 15–25 mg 
weekly), up to one-third of patients discontinues 
MTX because of intolerance. Nausea and flu-like 
symptoms after parenteral administration are 
common.32 At higher doses, myelotoxicity is pos-
sible, and long-term use has been associated with 
hepatic fibrosis that is more common in obese 
patients or with alcohol use.211 Allergic pneumo-
nitis is rare. MTX is also immunosuppressive and 
has been associated with an increase in infectious 
disease (e.g. viral infections, including herpes zos-
ter). MTX is contraindicated during pregnancy 
and lactation. With the use of MTX, it has been 
shown that there is an elevated risk of NMSC, 
specifically squamous cell and basal cell carci-
noma, especially in those patients with a prior his-
tory of NMSC.212

Finally, in Figure 2, we show a proposal of thera-
peutic use of MTX according to the specific evi-
dences found in our review. Moreover, MTX 
could still be a therapeutic option in specific set-
tings. First of all, there could be economic bene-
fits. The burden of IBD is high, mostly owing to 
biological therapy. Hence, some health systems 
for which access to newer biologics is not an easy 
or affordable option could consider MTX therapy 
a viable option. Second, MTX could offer some 
advantages in patients with recent or active malig-
nant disease.

In conclusion, evidence from high-quality stud-
ies in favour of MTX in CD is scarce and lim-
ited to the steroid-dependent disease, in which 
other drugs are the leading players today. 
Numerous other clinical scenarios require well-
designed clinical studies in terms of patient pro-
file, drug formulation and dosage, and criteria 
of efficacy.
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