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Abstract

Background & Aims—Parenteral methotrexate induces clinical remission but not endoscopic
improvement of mucosal inflammation in patients with ulcerative colitis (UC). We performed a
randomized, placebo-controlled trial to assess the efficacy of parenteral methotrexate in
maintaining steroid-free response or remission in patients with UC following induction therapy
with methotrexate and steroids.

Methods—We performed a 48-week trial, from February 2012 through May 2016, of 179
patients with active UC (Mayo score 6-12 with endoscopy subscore =2) despite previous
conventional or biological therapy. The study comprised a 16-week open-label methotrexate
induction period followed by a 32-week double-blind placebo-controlled maintenance period.
Patients were given subcutaneous methotrexate (25 mg/week) and a 12-week steroid taper. At
week 16, steroid-free responders were randomly assigned to groups that either continued
methotrexate (25 mg/week, n=44) or were given placebo (n=40) until week 48. We compared the
efficacy of treatment by analyzing the proportion of patients who remained relapse free and were
in remission at week 48 without use of steroids or other medications to control disease activity.

Results—Ninety-one patients (51%) achieved response at week 16, and 84 patients were
included in the maintenance period study. During this period, 60% of patients in the placebo group
(24/40) and 66% in the methotrexate group (29/44) had a relapse of UC (P=.75). At week 48, 30%
of patients in the placebo group (12/40) and 27% of patients in the methotrexate group (12/44)
were in steroid-free clinical remission without need for additional therapies (P=.86). No new
safety signals for methotrexate were detected.

Conclusions—~Parenteral methotrexate (25 mg/week) was not superior to placebo in preventing
relapses of UC in patients who achieved steroid-free response during induction therapy.

ClinicalTrials.gov ID no—NCT01393405
Graphical Abstract
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Introduction

Ulcerative colitis (UC) is a recurrent, chronic inflammatory bowel disease affecting the
colon and leading to clinical symptoms, including fecal urgency, bloody diarrhea, abdominal
pain, weight loss and fatigue. For patients with mild-moderate UC despite therapy with
aminosalicylates, the therapeutic options include biologics or thiopurines. While thiopurines
are markedly less expensive than the biologic drugs, they are associated with potentially
serious side effects including pancreatitis, leukopenia, and lymphoma.1=3 Biological
therapies, including anti-TNF agents (infliximab, adalimumab, golimumab) or anti-adhesion
molecules (vedolizumab) are effective, but are expensive and also not without risks.*

MTX is an orally, subcutaneously, intramuscularly, or intravenously administered folate
antagonist that was developed in 1948 for the treatment of leukemia. MTX targets
thymidylate biosynthesis and the enzyme thymidylate synthase.> 8 Methotrexate is
converted intracellularly to MTX-polyglutamates and reduces cell proliferation, increases
the rate of apoptosis of T cells, raises anti-inflammatory endogenous adenosine
concentrations and alters cytokine production. The rationale behind the use of high-dose
MTX in cancer chemotherapy is the promotion of starvation of cancer cells by eliminating
purine and pyrimidine precursors, thus leading to decreased cell proliferation due to
insufficient DNA and RNA synthesis. Oral or parenteral low-dose MTX has significantly
decreased toxicity compared to high dose therapy and is used in several autoimmune
diseases, including polyangiitis, psoriasis and rheumatoid arthritis. However, the
mechanisms of the therapeutic effects of low-dose therapy, in contrast to high-dose therapy;,
remain incompletely understood.’

In inflammatory bowel diseases (IBD), MTX’s clinical efficacy in inducing and maintaining
clinical remission has been established for steroid-dependent Crohn’s disease (CD) in adults
and also in children refractory or intolerant to thiopurine therapy.8-14 In contrast to CD, the
role of MTX in UC is controversial. In the first prospective, placebo-controlled study, oral
low dose (12.5 mg) MTX weekly was not more efficacious than placebo.1® Since then,
however, observational studies have demonstrated effectiveness of MTX if given
parenterally similar to the dosing used in CD (15-25 mg per week).16: 17 To more
definitively elucidate the clinical value of MTX therapy in patients with mild-moderately
active UC, two explanatory investigator-initiated clinical trials were conceptualized in the
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mid 2000’s. The French “Controlled, Randomized, Double-Blind, Multicenter Study
Comparing Methotrexate vs Placebo in Steroid Dependent Ulcerative Colitis” (METEOR),
assessed the efficacy of MTX in inducing steroid-free remission over a 16 week time period.
18 |n METEOR, MTX induced clinical remission without steroids in a significantly larger
percentage of UC patients but failed to improve mucosal inflammation. This ambiguous
outcome led to continued debate regarding the efficacy of MTX.19 We report here the results
of the second trial, “Randomized, Double Blind, Prospective Trial Investigating the Efficacy
of Methotrexate in Induction and Maintenance of Steroid-free Remission in Ulcerative
Colitis” (MERIT-UC), which was designed to determine the efficacy of MTX in maintaining
steroid-free response or remission. In MERIT-UC, participants received open label therapy
with subcutaneous MTX over a 16-week period, and steroid-free responders were randomly
assigned to either continue MTX 25 mg/week or placebo until week 48. The primary
outcome was the proportion of patients who remained relapse free and were in remission at
week 48 without use of steroids or other medications to control disease activity.

Trial design and oversight

Patients

The trial was conducted at 37 sites (see supplementary material for site list) across the
United States. Patients were recruited between February 2012 and May 2016. The study was
designed by investigators of the Crohn’s and Colitis Foundation’s Clinical Research
Alliance (CRA) and the majority of centers were affiliated with the CRA.20 The institutional
review board at each participating institution approved the protocol and all the patients
provided written informed consent before entering the trial. All trial data were collected
using an electronic data management system located at the Bioinformatics Core of the
Center for Gastrointestinal Biology and Disease. Two independent clinical research monitors
tracked and monitored the data collection remotely and through site visits throughout the
study. A data and safety monitoring board advised the investigators and the funding agency
(National Institute of Diabetes and Digestive Kidney Diseases) throughout the trial. All
authors had access to the study data and reviewed and approved the final manuscript. The
trial was registered under ClinicalTrials.gov ID NCT01393405.

Eligible patients were 18 to 70 years of age and had active UC, defined by a Mayo Score of
at least 6 points or higher and moderate-to severe active disease on sigmoidoscopy (Mayo
endoscopic subscore = 2) extending more than 15 cm from the anal verge. The Mayo
Scoring system ranges from 0 — 12 points and is a composite index consisting of three
clinical and one endoscopic variables (stool frequency, rectal bleeding, physician’s global
assessment and endoscopy evaluation).2! The endoscopic subscore was assigned by the site
endoscopist using standardized Mayo endoscopic score photographs, which had been
distributed to all sites. In addition to the Mayo score, at least one of the following criteria
had to be met for entry in the study: a) failure of 5-ASA therapy; b) steroid-dependent UC,
defined as a partial or complete clinical response to treatment with prednisone 40-60
mg/day and relapse within 30 days after completion of prednisone treatment or relapse with
attempted dose reduction of prednisone resulting in the use of prednisone at doses of 15-25
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mg/day for at least 6 months2L; c) intolerance or failure of azathioprine/6-MP therapy; d)
primary failure or loss of response to an anti-TNF therapy; or €) primary failure or loss of
response to vedolizumab.

Exclusion criteria included failure to respond to 40 mg of prednisone/day or higher in the
last 2 weeks or failure of cyclosporine therapy in the last 6 months before inclusion in the
trial. Other exclusion criteria were known infection with Clostridium difficile at screening
visit, pre-existing renal dysfunction (creatinine >1.5 mg/dl), a serum albumin < 2.5 g/dI at
baseline, low serum folate levels defined as a level of >10% below the lower limit of the
normal range at baseline, white blood count < 3.0 x10%/L, platelet count < 100 x10%/L or
elevation of AST or ALT > 1.5 times above the upper limit of the normal range at baseline,
known hepatic disease, current hepatitis B or C infection or known non-alcoholic fatty liver
disease (NAFLD), obesity defined by a body mass index (BMI) >35, pre-existing chronic
lung disease other than a well-controlled asthma, interstitial lung disease of unknown cause,
known previous or concurrent malignancy (other than that considered surgically cured, with
no evidence for recurrence for 5 years), existing pregnancy, lactation, or planned pregnancy
(men and women) within the next 12 months, high alcohol consumption (defined as more
than seven drinks per week), refusal to use contraceptives in females of childbearing
potential or in males with a child-fathering potential, and the use of non-steroidal anti-
inflammatory medications (NSAIDs) as long-term treatment, defined as use for at least 4
days a week each month.

Patients could continue oral and/or rectal therapy with mesalamine or corticosteroids but had
to be on a stable regimen for at least 2 weeks before screening. The following medications
had to be discontinued before inclusion: thiopurines for at least 2 weeks; anti-TNF agents,
vedolizumab and investigational agents for at least 4 weeks before inclusion in the study.
Due to known interference with the metabolism of methotrexate, use of probenecid,
trimethoprim/sulfamethoxazole, sulfasalazine, acitrecin and streptozocin were not allowed in
the trial.

Randomization and treatment

The study included an open label induction period of 16 weeks and a randomized, placebo-
controlled maintenance period of 32 weeks. At the baseline visit in the induction period,
every patient was started on MTX 25 mg once weekly subcutaneously, oral folic acid 1 mg
daily, and a predefined prednisone-tapering schedule for 10-12 weeks starting at either 40
mg or 20 mg at the discretion of the investigator. This assured a minimum of 4 weeks
without prednisone prior to randomization in the maintenance period. A MTX dose
reduction to 15 mg once weekly was allowed in the case of MTX-associated side effects. All
patients meeting the predefined criteria for clinical response or remission at week 16 were
randomly assigned, in a 1:1 ratio using a permuted block design with a fixed block size of 4
stratified by site, to receive MTX 25 mg once weekly and 1 mg folic acid daily or an
identical-appearing placebo once weekly and 1 mg folic acid daily in the maintenance
period. Due to the yellow color of methotrexate, placebo was prepared and packaged into
matching 2 mL vials for subcutaneous injection using diluted Infuvit® Adult (multiple
vitamins for infusion; Baxter Healthcare Corporation; Deerfield, IL; USA). All patients
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received 2.4 g mesalamine daily in the maintenance period. For patients experiencing nausea
following MTX administration, promethazine (25 mg) was provided to be taken prior to
each MTX injection. In the case of inadequate response or intolerance of promethazine,
ondansentron (4 mg) was dispensed with the instruction to take 1 tablet prior each MTX
injection. MTX (Hospira; Lake Forest, IL,USA), folic acid (Amneal/Akyma
Pharmaceuticals, Bridgewater, NJ,USA), mesalamine (Asacol-HD, Warner Chilcott,
Rockaway, NJ; USA), promethazine (Actavis Parsippany-Troy Hills, NJ, USA) and
ondansentron (Sandoz, West Princeton, NJ, USA) were all purchased or prepared by the
University of Pennsylvania Investigational Drug Service (IDS) and mailed directly to the
patients in q8 weekly intervals.

Screening, baseline and follow-up

Screening procedures were performed 7 to 28 days before the baseline visit. These included:
clinical examination, complete blood count, serum concentrations of folate, C-reactive
protein, liver transaminases (LFTs), creatinine and albumin, serum pregnancy test for
women of childbearing potential, hepatitis B virus serologies, Clostridium difficile toxin and
chest-x-ray. Safety laboratory evaluations (CBC, LFT’s, creatinine) were performed at week
0, 2, 4 and then every 4 weeks in the induction and maintenance period. Fecal calprotectin
(FCP) was measured at screening, week 16 and week 48 or earlier in the setting of an early
withdrawal visit in the induction or maintenance period. All laboratory analyses were
centrally performed by Quintiles (Quintiles Laboratories, Atlanta, Georgia). FCP was
analyzed using an enzyme-linked immunosorbent assay (PhiCal, Trieste, Italy) with an
analytic sensitivity of 6.25 mg/mL. The amount of FCP is expressed as milligrams (mg) /
kilogram (kg) stool. The severity of mucosal inflammation was evaluated by sigmoidoscopy
and scored by the local investigator using the endoscopic Mayo scoring system.
Sigmoidoscopy was performed at week 0 (baseline) and week 48, or earlier if an early
withdrawal visit in the maintenance period was required. The total Mayo score including the
endoscopic Mayo score was determined at week 0 (baseline) and at the final sigmoidoscopy
of the maintenance period. The clinical Mayo score was assessed at week 4, 12, 16 and then
every 8 weeks during the maintenance period.

Definitions of outcome measures

The partial Mayo Score was used to measure outcomes at week 16 and determine eligibility
for randomization.?! Clinical response was defined as a reduction from baseline in the
partial Mayo score of = 2 points and at least 25%, with an accompanying decrease in the
rectal bleeding subscore of = 1 point or an absolute rectal bleeding subscore of 0-1 point
and a partial Mayo score <5. Clinical remission was defined as a partial Mayo score of < 2
points with no individual subscore exceeding 1 point.

Primary and secondary endpoints

The primary outcome was relapse-free survival in the maintenance period, which was
comprised of two components, both of which needed to be met to be categorized as relapse-
free: (1) week 48 total Mayo score not exceeding 2 points, with all individual subscores not
exceeding 1 point and (2) a numerically stable partial Mayo score without an increase of 3 or
more points throughout 32 weeks of maintenance therapy compared to week 16
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randomization partial Mayo score and no use of steroids or other immunosuppressive
medications (anti-TNF agents, vedolizumab, thiopurines, cyclosporine, tacrolimus) to
control disease activity throughout the 32 week maintenance period. Any patients for whom
outcomes could not be assessed for any reason were classified as failures (relapses) with the
event time assigned as the date that the patient was withdrawn from the study.

Six secondary outcomes were also defined: (1) mucosal healing, defined as an absolute
subscore for endoscopy no more than 1 at week 48; (2) relapse of disease, defined as an
increase of 3 or more points in the partial Mayo score with an absolute partial Mayo score =
4 or re-treatment with steroids during maintenance; (3) steroid-free clinical remission or
steroid-free clinical response and FCP levels <250 mg/kg stool at week 16 of the induction
period in the subgroup of patients with FCP =250 mg/kg at screening; (4) steroid-free
clinical remission and FCP levels of < 50 mg/kg at week 16 of the induction period in the
subgroup of patients with FCP =250 mg/kg at screening; (5) steroid-free clinical remission
or steroid-free clinical response and stool FCP levels <250 mg/kg at week 48 in the
subgroup of patients with FCP =250 mg/kg at screening; (6) steroid-free clinical remission
and FCP levels of < 50 mg/kg at week 48 in the subgroup of patients with FCP =250 mg/kg
at screening.

Adverse events (AE)

AE’s were evaluated by the treating physicians and a medical monitor who were both
unaware of the patients’ treatment assignments. The categorization of the AE’s was based on
the Medical Dictionary for Regulatory Activities (MedDRA) and classified with respect to
the likelihood of a causal relation to the study drug and severity according to the standard
criteria of the World Health Organization. Grade of 0 indicates the absence of toxic effects,
grade of 1 the presence of mild effects, grade of 2 the presence of moderate effects, grade of
3 the presence of severe effects, and grade of 4 the presence of life-threatening effects.

Sample size calculation

Based on the data from the uncontrolled and controlled MTX studies and the few available
placebo-controlled maintenance studies in UC when this study was initially planned in
2007/2008, we hypothesized a success rate between 15%-40% in the placebo group and an
absolute difference of 25% in the primary outcome between the study groups.® 17: 22,23
Using a 2-sided type | error rate of 5%, we estimated that for n=80 with equal numbers in
placebo and MTX, we had 80% power to detect between 22% and 26% difference in
survival, depending on the survival proportion among placebo (15%-40%). Some more
recent studies have proposed that a 10%—-15% difference is clinically meaningful.24 25 The
study had approximately 35%-56% power to detect a 10%—-15% difference in remission
rates between groups with a type 1 error rate of 5%. Calculations were performed using
Stata v15.0, Austin, TX, and Schoenfeld's logrank test method. 26

Statistical analyses

Baseline characteristics were analyzed with the use of descriptive statistics. Fisher's exact
and chi-square tests were used to compare categorical variables across groups. Continuous
variables were analyzed using Student's t-tests or Wilcoxon rank-sum tests (for non-
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normally distributed variables). Kaplan-Meier analysis with log rank testing was utilized to
compare the proportion of patients in each group who remained free of a relapse during the
32 weeks of follow-up in the maintenance period. In secondary analyses to adjust for
potential confounders, we used Cox proportional hazards modeling to compare the
proportions of patients in each group who remained free of a relapse during the 32 weeks of
follow-up in the maintenance period. All analyses were performed in accordance with the
intention-to-treat principle. A p-value of < 0.05 less was considered statistically significant.
All statistical analyses were performed with SAS software package version 9.4 (SAS
Institute Inc, Cary, NC USA).

Between February 2012 and May 2016 256 patients were screened at 37 sites across the
United States. A total of 77 patients failed screening, mostly due to insufficient disease
activity and 179 patients were included in the induction period (Table 1, Figure 1). At week
16, 91/179 (51%) of the patients achieved a steroid-free clinical response and of these
52/179 (29%) were in steroid-free clinical remission. Patients with previous therapeutic
failure of thiopurines only or biologics only achieved remission in week 16 more frequently
when compared to patients with previous failure of mesalamine only or a combination
therapy of a biologic and a thiopurine (supplementary Table S1a). However, when analyzing
the groups based on previous exposure to a biologic, no significant difference in rate of
remission was observed (steroid free remission week 16 biologic naive 30/98 (31%) vs
biologic experienced 22/81 (27%), p=0.62). Ninety-five patients started with a steroid dose
of 20 mg and tapered over 10-12 weeks vs 84, who started at 40 mg and were also tapered
off over the same time period. No difference in rates of steroid free remission were observed
between both groups (steroid free remission low dose steroid 27/95 (28%) vs high dose
steroid 25/84 (30%); p=0.84). Of the 91 patients eligible for randomization into the
maintenance period, seven patients declined randomization, all of whom were in steroid-free
response but none in steroid-free remission.

Eighty-four patients were randomized at week 16 to either continuation with placebo (n=40)
or MTX 25 mg weekly (n=44). Of these 25/40 (63%) and 27/44 (61%) of patients were in
steroid free remission and 15/40 (37%) and 17/44 (39%) of patients were in steroid free
response in the placebo and the MTX group, respectively. The baseline characteristics
between the groups were similar (Table 1). Overall, 60% (24/40) and 66% (29/44) of
patients in the placebo and the MTX group, respectively, discontinued the therapy before
week 32 of the maintenance period (p=0.71; Figure 1). Reasons for discontinuation of
therapy were lack of efficacy in 22 patients in each group. Numerically more patients
experienced adverse events leading to discontinuation in the MTX vs the placebo group (5
vs 2) and 2 patients dropped out of the MTX group due to loss of follow-up or non-
compliance with study medication. Thirty-one patients completed the week 32 visit of the
maintenance period (week 48 of the trial).

The primary outcome defined as relapse-free survival without need for additional therapies
such as steroids, immunosuppressants, or biologics and remission at week 48 did not differ
between the groups (p=0.78, Figure 2). The median time to loss of response was 71 days on
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placebo and 101 days on MTX. Thirty-one patients (16 and 15 in the placebo and MTX
group, respectively) completed the week 48 visit. Of these 30% (12/40) of patients in the
placebo group vs 27% (12/44) in the MTX group were in steroid-free remission with no
need for additional therapies to treat UC activity over the maintenance period (p=0.91). Five
patients were in steroid free response only (3/40 (8%) placebo vs 2/44 (5%) MTX; p=0.66)
and 1 patient in each group experienced a relapse at week 48. There were no statistically
significant differences in the key secondary outcomes (Table 2). Steroid dependence at
inclusion, the type of prior failed therapy (anti-TNF naive vs anti-TNF experienced), steroid
taper in induction (low vs high dose), response or remission at week 16, disease location,
severity or duration of disease or smoking status were not associated with the outcome at the
end of induction at week 16 or at week 48. (supplemental material Tables S2-S8 and Figure
S1). Additionally, when controlling for prior TNF use, there was no significant difference in
relapse free survival when comparing MTX and placebo (Hazard Ratio 0.92, 95% CI 0.55 —
1.54).

FCP concentrations at screening, week 16 and week 48

At screening, the majority of the patients had FCP values above 250 mg/kg (=250 mg/kg
n=134; 75%). There were 32 (18%) and 13 (7%) patients with FCP values >50 — <250
mg/kg and < 50 mg/kg, respectively (supplemental material Table S9). The median FCP
concentrations in patients with steroid-free response or remission declined significantly from
657 mg/kg at screening to 185 mg/kg at week 16, compared to patients who failed the
induction regimen (637 mg/kg at screening and 607 mg/kg at last visit; p=0.04). Among the
134 patients with FCP =250 mg/kg at screening, 93 (69%) had FCP levels of <250 mg/kg
and 69 (51%) had FCP <50 mg/kg at week 16. Steroid free response or remission and a FCP
<250 mg/kg was found in 56 (42%) patients while steroid-free remission and a FCP<50
mg/kg was achieved in 54 (40%) patients at week 16.

Of the 84 patients randomized into the maintenance period, 24%, 33% and 43% had FCP
concentrations of <50 mg/kg, >50 — <250 mg/kg and =250 mg/kg at week 16, respectively.
Stratifying patients into these 3 different groups according to the FCP concentrations at
week 16 showed similar results regarding clinical outcome during the maintenance period
(Table 3).

Adverse events

The most common adverse event (AE) in the open label Induction period was nausea, which
occurred in 20.1% of patients (Table 4). In the maintenance period, significantly more
patients reported an AE in the MTX compared to the placebo group (p=0.03), but there were
no significant differences in types of AE’s except a suggestion of a higher occurrence of
nausea in the MTX group. Due to LFT elevation MTX was reduced to 15 mg in 3 patients (1
patient in induction, who was later on randomized to placebo and experienced a relapse and
2 patients in maintenance, of whom 1 finished the study in remission). None of the patients
in the MTX group had a serious AE; one serious AE occurred in a patient in the placebo
group who was hospitalized for a gastrointestinal infection and successfully treated with
antibiotics and continued in the study.
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Discussion

MERIT-UC is the first randomized, placebo-controlled study investigating the efficacy of
subcutaneously applied MTX at a dose of 25 mg/week in patients who had previously
responded to open label MTX. Despite a relatively large proportion of patients achieving
steroid free response and remission during the open label induction phase, which in its
magnitude was similar to the METEOR trial, MTX was not superior to placebo in
maintaining these therapeutic effects.1® The METEOR trial provided uncertain results
regarding the efficacy of MTX as an induction therapy for UC and the MERIT-UC outcome
sheds further doubt on the efficacy of MTX for UC at the dose of 25mg once weekly
administered subcutaneously.18

The only other prospective placebo-controlled maintenance study investigating MTX in UC
by Oren et al,, also failed to demonstrate a significantly better outcome in patients on MTX
compared to placebo over a 9-month period.1® In contrast to the parenteral MTX dose of 25
mg/week in MERIT-UC, oral MTX was administered at a much lower dose of 12.5 mg
weekly. Three additional uncontrolled prospective open label studies have investigated the
effectiveness of methotrexate in UC and described overall favorable results.1® 27-29 Multiple
issues have been raised with these studies including small sample size, an open label design,
low doses of methotrexate, poorly designed inclusion criteria and other shortcomings.39: 31
The results of the MERIT-UC and METEOR studies highlight the importance of conducting
multiple randomized, controlled trials to definitively establish or refute the efficacy of a
therapy.

Our study complements the French METEOR study, which suggested clinical efficacy of
MTX in inducing remission in patients with UC.18 The steroid-free remission in our trial at
week 16 is in line with the 32% steroid-free remission rate reported in the METEOR trial.
With caution, one can qualitatively compare these data to other recent studies. The steroid-
free remission rates for azathioprine or infliximab monotherapy in the UC-SUCCESS trial
were 24% and 22%, respectively.32 A recent meta-analysis of induction trials revealed a
10% remission rate for placebo-treated patients with active UC.33 Whether there could be
enhanced short-term efficacy of MTX in combination with a steroid taper or only a
prolonged efficacy of a standardized steroid taper alone is unknown. Similarly, steroid
induction therapy as well as steroid administration before each infliximab dose has been
hypothesized as a factor obscuring the hypothetical superior clinical efficacy of a
combination therapy of MTX with IFX vs IFX monotherapy in the COMMIT
(“Combination Of Maintenance Methotrexate-Infliximab Trial”) trial.34 35

In METEOR, the complete Mayo score, which is a composite score of a clinical and
endoscopic assessment, was not significantly different between MTX and placebo after 16
weeks of therapy.18 However, the results of the partial Mayo score alone without taking into
account the endoscopy results suggested potential efficacy of MTX in UC with significant
improvement of bowel frequency and absence of rectal bleeding. Carbonel, et a/. speculated
that the observed discrepancy in the METEOR trial may be due to the sites’ proficiency in
assessing the degree of mucosal inflammation in the context of the Mayo endoscopic scoring
system.18. 36 |n contrast to our study, METEOR did not require endoscopically active
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inflammation for inclusion, which also may have influenced the outcome by favoring a
placebo response. Similar to METEOR, our study did not have central reading, but the fact
that 93% of patients had elevated FCP levels of > 50 mg/kg at inclusion indirectly
corroborates the likely presence of significant inflammation in the majority of patients.

The MERIT-UC study design was based, in part, on the study by Feagan and the North
American Crohn's Study Group Investigators, which demonstrated the effectiveness of MTX
in the maintenance of remission in CD.? In contrast to that study, in which fewer than 5%
had experienced failure of thiopurine therapy before inclusion in the trial, nearly two-thirds
of the randomized population in our study had previously failed therapies with thiopurines
and/or biologics. However, thiopurine or mesalamine failure only and no exposure to
biologics before inclusion in the trial was not associated with the likelihood of achieving
steroid-free clinical remission at week 16 in our patient population.

Consistent with our a priori sample size calculations, nearly two-thirds of the randomized
patients failed to achieve the primary outcome of steroid-free clinical and endoscopic
remission at the end of the study without disease exacerbation or need for additional
therapies during the maintenance period. This was similar to the results of Hawthorne’s
landmark placebo-controlled withdrawal study among patients with UC treated with
azathioprine for at least 6 months, where relapse rates were 59% and 39% for placebo and
azathioprine, respectively.3” Moreover, in a recent meta-analysis of maintenance trials, the
pooled estimate of maintenance of remission with placebo was 19% (95% CI111% to 30%)33,
Thus, the lack of benefit observed relative to placebo is unlikely to be attributable to a higher
than projected success rate among the placebo-treated patients.

FCP concentrations have been correlated with clinical outcomes and mucosal healing in UC
clinical trials. In a meta-analysis by Lin et a/. values >250 mg/kg as well as < 50 mg/kg were
significantly correlated with mucosal inflammation and endoscopic healing, respectively.38
In our trial 75% of patients with an endoscopic subscore of 2 or 3 at screening had FCP stool
concentrations =250 mg/kg, while 18% a FCP value of >50 mg/kg and <250 mg/kg and 7%
had a FCP of < 50 mg/kg. This is in line with a recent study describing the correlation of a
single calprotectin value with a locally read Mayo endoscopy score of 2 or 3 in 194 patients
in a clinical trial setting. 39 Seventy-seven percent of patients had FCP values > 250 mg/kg
and 13% and 10% were found to have FCP values >50 mg/kg and <250 mg/kg and <50
mg/kg, respectively. Reduction in FCP concentrations and absolute values of FCP
concentrations <250 mg/kg or <50 mg/kg at week 16 also correlated with clinical response
at week 16, supporting the value of FCP as a biomarker for mucosal inflammation.
Subgroup analyses of FCP concentrations in patients entering the placebo-controlled
maintenance period revealed no differences in outcomes between placebo and MTX based
on low vs high FCP concentrations at week 16, which corroborates the clinically observed
ineffectiveness of MTX in maintaining remission even in the absence of a significant
mucosal inflammation at entry of the maintenance period. More recently, a significant
correlation of FCP concentrations <150 mg/kg with clinical and endoscopic remission was
described.3° Post hoc analyses using FCP concentrations with a cutoff of <150 mg/kg for
mucosal inflammation at week 16 yielded similar results (data not shown).
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Over the 48-week trial period we did not detect any new safety signals for MTX at a
parenteral dose of 25 mg/week. There was only one serious adverse event due to disease
exacerbation with hospitalization, which occurred in the placebo group. However,
significantly more adverse events, all graded as mild in severity, occurred in the MTX group
and a numerically higher number of patients on MTX stopped therapy due to occurrence of
an adverse event during the maintenance period. Overall a higher incidence of nausea
appeared to be the primary cause of the difference in rates of adverse events.

This trial had a few limitations. The trial was powered to detect a 25% difference between
placebo and MTX. As such, we cannot fully exclude a treatment effect of MTX in the range
of 10%-15% compared to placebo. Given the current results, one would need to randomize
500-700 patients to conclusively exclude this possibility. However, given the overall
similarity of the relapse rates and the multiple negative subgroup analyses, it is unlikely that
a larger study would have come to a different conclusion. Due to financial constraints, we
did not perform central reading of the sigmoidoscopies, which in the last 5 years has become
standard for trials in patients with IBD.%0 However, the sigmoidoscopy scoring did not play
a major role for the outcome of the trial given that the majority of patients relapsed with the
need of additional therapies before the final visit. We also did not assess the degree of
mucosal healing by endoscopy before randomization at week 16, but used the biomarker
FCP as a surrogate marker, which has been shown to correlate with endoscopic and clinical
outcomes in similar trials.32 39

In conclusion, MERIT-UC is the first randomized, placebo-controlled trial to provide
evidence about the efficacy of parenteral MTX monotherapy in the maintenance of response
or remission in patients with mild-moderate UC. Whereas MTX may have a limited efficacy
to induce steroid-free response or remission in combination with a standardized steroid
taper, MTX did not show better efficacy as a maintenance treatment than placebo in
preventing relapse in patients with UC.
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Refer to Web version on PubMed Central for supplementary material.
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256 patients assessed for eligibility

77 ineligible
- 66 meeting exclusion criteria
including required minimum clinical
[ or endoscopic disease activity (n=26)
- 10 C. diff infection
- 1 withdrew consent

179 enrolled in Induction Period
MTX 25/mg/week sc

62 discontinued
- 44 Discontinued due to lack of efficacy
—»| -12adverse events
- 4 medication intolerance
- 2 withdrew consent

‘ 117 completed Induction Period week 16

33 discontinued
- 26 no response at week 16
- 7 met randomization criteria but
declined randomization

84 randomized to Maintenance Period week 16

v v
MTX 25 mg/week Placebo
n=44 n=40

29 discontinued
- 22dueto lack of 24 discontinued

efficacy - 22due to lack of
- 5AE(2nausea, 1 efficacy

elevated LFTs, 1 - 2 AE(1C.diff

stomatitis, 1 hair loss) infection, 1
= 1 non-compliance elevated LFTs
= 1loss to follow-up

31 completed study (week 48); 53 discontinued before week 48

|

84 included in primary ITT -analysis

Figure 1.
Figure S1: Consort flow diagram of the MERIT-UC trial
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Figure 2.

Kgplan-Meier survival plot of the probability of remaining relapse free during the
maintenance period (week 0 — 32) and being in remission at week 32 following
randomization (week 48 of the trial). 84 patients in steroid-free response to open label MTX
25 mg/week after a 16-week induction period with a 12-week steroid taper were randomized
to placebo or continuing MTX therapy (25 mg/week) for 32 weeks.
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