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Abstract

BACKGROUND—Inflammation is causally related to atherothrombosis. Treatment with
canakinumab, a monoclonal antibody that inhibits inflammation by neutralizing interleukin-12,
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resulted in a lower rate of cardiovascular events than placebo in a previous randomized trial. We
sought to determine whether an alternative approach to inflammation inhibition with low-dose
methotrexate might provide similar benefit.

METHODS—We conducted a randomized, double-blind trial of low-dose methotrexate (at a
target dose of 15 to 20 mg weekly) or matching placebo in 4786 patients with previous myocardial
infarction or multivessel coronary disease who additionally had either type 2 diabetes or the
metabolic syndrome. All participants received 1 mg of folate daily. The primary end point at the
onset of the trial was a composite of nonfatal myocardial infarction, nonfatal stroke, or
cardiovascular death. Near the conclusion of the trial, but before unblinding, hospitalization for
unstable angina that led to urgent revascularization was added to the primary end point.

RESULTS—The trial was stopped after a median follow-up of 2.3 years. Methotrexate did not
result in lower interleukin-1p, interleukin-6, or C-reactive protein levels than placebo. The final
primary end point occurred in 201 patients in the methotrexate group and in 207 in the placebo
group (incidence rate, 4.13 vs. 4.31 per 100 person-years; hazard ratio, 0.96; 95% confidence
interval [CI], 0.79 to 1.16). The original primary end point occurred in 170 patients in the
methotrexate group and in 167 in the placebo group (incidence rate, 3.46 vs. 3.43 per 100 person-
years; hazard ratio, 1.01; 95% CI, 0.82 to 1.25). Methotrexate was associated with elevations in
liver-enzyme levels, reductions in leukocyte counts and hematocrit levels, and a higher incidence
of non-basal-cell skin cancers than placebo.

CONCLUSIONS—Among patients with stable atherosclerosis, low-dose methotrexate did not
reduce levels of interleukin-1, interleukin-6, or C-reactive protein and did not result in fewer
cardiovascular events than placebo. (Funded by the National Heart, Lung, and Blood Institute;
CIRT ClinicalTrials.gov number, NCT01594333.)

INFLAMMATION PLAYS A CRITICAL ROLE IN atherothrombosis.12 In the
Canakinumab Anti-inflammatory Thrombosis Outcomes Study (CANTOS), treatment with
canakinumab, a monoclonal antibody that selectively neutralizes interleukin-12, resulted in
fewer cardiovascular events than placebo, without lowering lipid levels or blood pressure.3
In that trial, the magnitude of risk reduction for major cardiovascular events, cardiovascular
death, and death from any cause with canakinumab was greatest among patients with the
largest reductions in levels of interleukin-6 and high-sensitivity C-reactive protein,*® which
suggests that the benefit was related to the targeting of the interleukin-18-interleukin-6—C-
reactive protein pathway of innate immunity. These results thus provide proof of principle
that inhibiting inflammation can prevent atherosclerotic events.6-8

We hypothesized that an alternative approach to inhibition of inflammation that involved the
use of low-dose methotrexate might also result in lower cardiovascular event rates. Low-
dose methotrexate is an inexpensive, effective, and widely used treatment for inflammatory
conditions, including rheumatoid arthritis, psoriatic arthritis, and juvenile idiopathic arthritis.
910 Fyrthermore, in observational studies, patients with rheumatoid arthritis and psoriatic
arthritis who received low-dose methotrexate had fewer cardiovascular events than patients
who received other therapies or placebo.11-13 We report here the results of the
Cardiovascular Inflammation Reduction Trial (CIRT), which was conducted in collaboration
with the National Heart, Lung, and Blood Institute (NHLBI) and was planned in parallel
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with CANTOS. In CIRT, we assessed low-dose methotrexate in the secondary prevention of
atherothrombotic events among patients with a history of myocardial infarction or
multivessel coronary artery disease who additionally had either type 2 diabetes or the
metabolic syndrome.14

TRIAL DESIGN AND OVERSIGHT

This randomized, double-blind, placebo-controlled, investigator-initiated trial was funded by
the NHLBI. The trial protocol, available with the full text of this article at NEJM.org, was
designed by the trial executive committee with input from NHLBI staff and an NHLBI-
appointed protocol-review committee, the members of which subsequently served as the trial
data and safety monitoring board. The protocol was approved by the institutional review
board at each of the 417 centers in North America that participated in the trial (Section A in
the Supplementary Appendix, available at NEJM.org).

All trial functions — including data collection, adjustment of doses of methotrexate and
placebo, site monitoring, end-point adjudication, and statistical support — were performed
at the Center for Cardiovascular Disease Prevention at Brigham and Women’s Hospital in
Boston, with the use of a single, multipurpose central electronic data-capture system (e-
SOCDAT, SOCAR Research). The trial drug (Trexall in 5-mg tablets) and matching placebo
were purchased from Teva Pharmaceuticals, which was responsible for the manufacturing,
packaging, and distribution; Teva Pharmaceuticals donated the costs for packaging and
shipping but had no role in the design or conduct of the trial. The first and last authors
prepared the first draft of the manuscript, had full access to the trial databases, generated
trial analyses, made the decision to submit the manuscript for publication, and assume
responsibility for the accuracy and completeness of the data and analyses and for the fidelity
of the trial to the protocol.

TRIAL POPULATION

Patients 18 years of age or older were eligible if they had a history of myocardial infarction
or multivessel coronary disease and either type 2 diabetes or the metabolic syndrome.
Eligible patients were in a medically stable condition and had completed any planned
revascularization procedures. The trial inclusion and exclusion criteria were similar to or
were more restrictive than those in the guidelines for use of methotrexate in patients with
rheumatoid arthritis published by the American College of Rheumatology.1® Patients with a
history of chronic infection, tuberculosis, interstitial pneumonitis, pulmonary fibrosis,
alcohol abuse, hepatic or renal dysfunction, or New York Heart Association class IV heart
failure were excluded, as were women of childbearing potential and patients who were
receiving treatment with oral glucocorticoids or other immunosuppressive agents. Details of
the enrollment criteria are provided in Section B in the Supplementary Appendix.

RUN-IN PHASE, RANDOMIZATION, TRIAL DOSING, AND MONITORING

Medical records for all potential participants were reviewed centrally before enrollment to
ensure eligibility. Once this process was completed, participants entered an open-label run-in
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phase lasting 5 to 8 weeks during which they received 1 mg of oral folic acid daily, along
with oral methotrexate once weekly in doses increasing sequentially from 5 mg to 10 mg to
15 mg. Participants who had adverse effects or laboratory abnormalities during the run-in
phase were excluded from further participation (Section B and Fig. S1 in the Supplementary
Appendix).

Participants who successfully completed the trial run-in — with success defined as their
having taken 15 mg of methotrexate once weekly for at least 2 consecutive weeks without
adverse effects or laboratory abnormalities — were then randomly assigned in a 1:1 ratio, by
means of a computer algorithm, to continue methotrexate, initially at a dose of 15 mg, or to
receive placebo (Section C in the Supplementary Appendix). All participants continued
taking folate daily. Randomization was stratified according to site, type of index event
(multivessel coronary disease alone or myocardial infarction), time since the index event (=6
months or <6 months), and status with respect to risk factors (the metabolic syndrome alone
or diabetes). At 4 months, the dose was increased, per protocol, to 20 mg of methotrexate (or
matching placebo). A computerized algorithm (based on levels of centrally measured
laboratory variables and reported symptoms, assessed every 2 months, with treatment
assignments concealed) was used to adjust the dose of methotrexate or placebo in a
standardized manner at all sites (Section D and Figs. S2 and S3 in the Supplementary
Appendix).

END POINTS

At trial initiation on April 4, 2013, the primary end point was the first occurrence of a major
adverse cardiovascular event (a composite of non-fatal myocardial infarction, nonfatal
stroke, or cardiovascular death). On January 24, 2018, after review by the NHLBI and an
independent external panel, the trial end point was expanded to include hospitalization for
unstable angina that led to urgent coronary revascularization; this end point would provide
greater power and allow for a smaller overall sample size. Other than the members of the
data coordinating center, who had access to unblinded data and had no role in this decision,
no members of the investigative team or the independent external panel were aware of any
unblinded trial data at the time of this decision.

Secondary end points included death from any cause; a composite of major adverse
cardiovascular events plus any coronary revascularization; hospitalization for congestive
heart failure; and a composite of major adverse cardiovascular events plus coronary
revascularization, hospitalization for congestive heart failure, or death from any cause.
Tertiary end points included the components of the final primary end point as well as
coronary revascularization and arterial revascularization.

STATISTICAL ANALYSIS

The initial sample-size calculation, which was determined on the basis of the original
primary end point of major adverse cardiovascular events, was revised after the addition of
hospitalization for unstable angina that led to urgent revascularization. The anticipated trial
sample size was reduced from 7000 to 5500, and the targeted number of primary end-point
events (including the expanded definition) was increased from 530 to 634 to give the trial
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90% power to detect a 23% lower rate of the primary end point in the methotrexate group
than the placebo group. However, before these changes could be fully implemented across
trial operations, the data and safety monitoring board, at a meeting on March 13, 2018,
recommended early termination of the trial because it had crossed a pre-specified boundary
for futility for both the original and final end points and because of the lack of evidence of a
reduction in C-reactive protein level with methotrexate treatment. The data and safety
monitoring board further requested that all participants return for a safety follow-up visit
after an additional 6 months of follow-up. These recommendations were accepted by the
NHLBI on April 2, 2018, at which time both enrollment and efficacy follow-up ceased. In
this article, we report the original and final primary end points.

The trial protocol provides details of the pre-specified statistical analysis plan. In brief, the
distributions of the change from enrollment to the end of active run-in, and then to 8 months
after randomization, in interleukin-1p, interleukin-6, high-sensitivity C-reactive protein,
lipid levels, markers of hepatic function, and hematologic measures were compared between
the placebo group and the methotrexate group with the use of Wilcoxon rank-sum tests. Log-
rank tests and Cox proportional-hazards models, stratified according to type of index event,
time of index event, and status with respect to the metabolic syndrome alone or diabetes at
enrollment, were used to analyze both the original and final primary end points, according to
the intention-to-treat principle. For secondary and tertiary end points, results are reported as
point estimates and 95% confidence intervals. The 95% confidence intervals have not been
adjusted for multiplicity, and therefore inferences drawn from these intervals may not be
reproducible.

Of 9321 potential participants who provided informed consent and attended a screening
visit, 6158 were eligible and were enrolled in the open-label run-in phase. At the time the
trial was terminated, 4786 of the 6158 eligible patients had completed the run-in phase and
had been randomly assigned to either low-dose methotrexate (2391 patients) or placebo
(2395 patients) (Fig. S4 in the Supplementary Appendix). The median age of the patients
was 66 years, 19% were women, and 22% identified themselves as nonwhite or Hispanic
(Table 1). The qualifying event for trial participation was a previous myocardial infarction in
61% of the patients and multivessel coronary disease without previous infarction in 39%.
Qualifying coexisting conditions were diabetes in 68% and the metabolic syndrome without
diabetes in 32%. Data from a small cluster of sites with major Good Clinical Practice
violations are not included in the analyses reported here, a decision that was made before the
data were unblinded (Section E in the Supplementary Appendix).

LABORATORY FINDINGS

During the open-label run-in phase, initiation of low-dose methotrexate was associated with
increases in serum levels of alanine aminotransferase (ALT) and aspartate aminotransferase
(AST) and decreases in white-cell counts. Methotrexate did not reduce high-sensitivity C-
reactive protein levels during the run-in phase (Table S1 in the Supplementary Appendix).
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At randomization, the median level of high-sensitivity C-reactive protein was 1.6 mg per
liter, and the median low-density lipoprotein cholesterol level was 67 mg per deciliter (1.73
mmol per liter).

At 8 months after randomization, patients assigned to receive methotrexate had significantly
greater increases from baseline in median levels of ALT and AST and in mean corpuscular
volume than patients assigned to placebo and significantly greater reductions from baseline
in the total white-cell count, hematocrit level, and hemoglobin level (P<0.001 for all
comparisons between the methotrexate group and the placebo group). At 8 months,
treatment with low-dose methotrexate did not result in greater reductions from baseline than
placebo in levels of C-reactive protein, interleukin-14, or interleukin-6. Long-term
methotrexate treatment did not alter C-reactive protein levels, which were measured
annually throughout the trial (Fig. 1, and Table S2 and Fig. S5 in the Supplementary
Appendix).

FOLLOW-UP AND EFFECTS ON CLINICAL END POINTS

During the trial, the computerized dosing algorithm directed adjustments to doses at 21% of
the trial visits of patients in the methotrexate group and at 18% of the visits of patients in the
placebo group. Among patients who were still taking the assigned methotrexate or placebo
at their last visit before trial completion, the mean weekly dose was 18.8 mg in the
methotrexate group and 19.0 mg in the placebo group. At the final visit before the trial was
stopped, 21% of the patients in the methotrexate group and 22% in the placebo group had
permanently discontinued the trial regimen.

After a median follow-up of 2.3 years (maximum, 5 years), a first occurrence after
randomization of a final primary end-point event (non-fatal myocardial infarction, nonfatal
stroke, cardiovascular death, or hospitalization for unstable angina that led to urgent
revascularization) was reported in 201 patients in the methotrexate group and in 207 in the
placebo group (incidence rate, 4.13 vs. 4.31 per 100 person-years; hazard ratio, 0.96; 95%
confidence interval [C1], 0.79 to 1.16; P = 0.67) (Table 2 and Fig. 2). For the original
primary end point (nonfatal myocardial infarction, nonfatal stroke, or cardiovascular death),
the corresponding numbers were 170 in the methotrexate group and 167 in the placebo
group (incidence rate, 3.46 vs. 3.43 per 100 person-years; hazard ratio, 1.01; 95% ClI, 0.82 to
1.25; P = 0.91). There were no significant between-group differences in any of the pre-
specified composite secondary cardiovascular end points or in any individual component of
these end points.

Cardiovascular death was confirmed in 49 patients in the methotrexate group and in 43 in
the placebo group (incidence rate, 0.92 vs. 0.80 per 100 person-years; hazard ratio, 1.14;
95% CI, 0.76 to 1.72). A total of 96 deaths from any cause occurred in the methotrexate
group, and 83 occurred in the placebo group (incidence rate, 1.80 vs. 1.55 per 100 person-
years; hazard ratio, 1.16; 95% ClI, 0.87 to 1.56). We observed no effect modification in
subgroup analyses stratified according to type of index event, time since index event, status
with respect to diabetes or the metabolic syndrome at the time of enrollment, time spent
enrolled in the trial, or levels of base-line high-sensitivity C-reactive protein above or below
the trial median (data not shown).
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ADVERSE EVENTS

Rates of serious adverse events, including bleeding and infection, were similar in the two
groups (Table 3). Mouth sores and oral pain were more prevalent in the methotrexate group
than in the placebo group, as was unintended weight loss. Modest leukopenia and elevations
of ALT and AST levels were also more common in the methotrexate group. Cancers
developed in more patients in the methotrexate group than in the placebo group (52 vs. 30;
rate ratio, 1.72; P=0.02), an effect that was due almost entirely to a larger number of
patients with non—basal-cell skin cancer in the methotrexate group (31 vs. 10; rate ratio,
3.08; P =0.002).

Discussion

In this randomized, double-blind, placebo-controlled trial, low-dose methotrexate did not
reduce levels of interleukin-1, interleukin-6, or high-sensitivity C-reactive protein and was
not associated with fewer cardiovascular events than placebo among patients with
atherosclerosis whose condition was stable but who were at high cardiovascular risk.
Methotrexate was associated with modest elevations in liver enzyme levels and reductions in
leukocyte counts and hematocrit levels, as well as a higher incidence of non—basal-cell skin
cancers than placebo. There was no difference between the groups in all-cause mortality.

Because the findings for low-dose methotrexate in CIRT contrast with those for
canakinumab in CANTOS,3 a comparison of these two contemporary trials, which were
designed and conducted in parallel, is informative. Both CIRT and CANTOS enrolled
patients with atherosclerosis who were in stable condition but at high risk and who received
aggressive treatment with lipid-lowering therapies. CANTOS, however, by design, included
patients with residual inflammatory risk16 and thus limited enrollment to patients with
persistently elevated high-sensitivity C-reactive protein levels; this trial design resulted in a
median baseline C-reactive protein level among participants of 4.2 mg per liter (the
approximate 90th percentile of the normal distribution). By contrast, CIRT did not screen for
C-reactive protein level but instead required participants to have either diabetes or the
metabolic syndrome. This trial design resulted in a median high-sensitivity C-reactive
protein level of only 1.6 mg per liter at randomization.

In addition, in CANTQS, the reduction from baseline in interleukin-6 and C-reactive protein
levels was 35 to 40 percentage points greater in the group assigned to receive canakinumab
than in the group assigned to receive placebo,3-> where-as in CIRT, methotrexate did not
lower either of these inflammatory biomarkers or interleukin-14. Thus, although abundant
data indicate that inflammation contributes critically to atherothrombosis,1~3 an important
provisional hypothesis deriving from these two contemporary trials is that reducing the risk
of cardiovascular events may depend on the pathway targeted. Inhibition of interleukin-15-
interleukin-6 signaling, a process initiated at the level of the NLRP3 inflammasome,’
effectively reduced cardiovascular events in CANTOS, and human genetic data implicate
this pathway as causal in atherothrombosis. Studies with neutral outcomes involving other
anti-inflammatory agents (e.g., the phospholipase inhibitor darapladib and the p38 MAP
kinase blocker losmapimod)819 that also did not lower levels of interleukin-12,
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interleukin-6, or C-reactive protein over the long term point to pathways that appear to be
less critical in atherothrombosis.

The observations in CANTOS, CIRT, and other trials highlight the importance of
considering the mechanistic diversity of inflammatory pathways in atherosclerosis and of
exploring approaches to their inhibition. Understanding these differences is likely to be
crucial for future studies targeting inflammation in atherosclerosis. The mechanism involved
in the efficacy of methotrexate in rheumatoid arthritis remains poorly understood despite the
wide clinical use of that agent, but it probably reflects adenosine-mediated antiinflammatory
effects.20.21 |n contrast, canakinumab has only modest additional benefit in rheumatoid
arthritis among patients already receiving treatment with methotrexate.22 Thus far, only
targeting the interleukin-1-interleukin-6 pathway with canakinumab has proven effective in
reducing cardiovascular event rates. Agents such as colchicine and oral NLRP3 inhibitors
that may also intersect with this pathway are currently under investigation or in
development.23

The data reported here raise several additional issues. Before the initiation of CIRT,
observational data had repeatedly shown an association of low-dose methotrexate use with
reduced vascular event rates in patients with rheumatoid arthritis or psoriatic arthritis.11-13
The reported benefits in these observational studies may apply only to patients with existing
systemic inflammatory conditions, but it is also possible that unmeasured confounding
arising from the selective use of methotrexate led to bias in the estimates. Similarly,
although there is evidence that methotrexate administered to treat rheumatoid arthritis lowers
the C-reactive protein level, data showing this effect derive almost exclusively from studies
that enrolled individuals with inflammatory disease flares. It is thus possible that the ability
of methotrexate to reduce the C-reactive protein level is limited to clinical situations in
which inflammation levels are high. Some of the reported reduction in the C-reactive protein
level in patients with rheumatoid arthritis or resistant juvenile arthritis might have resulted
from regression to the mean. Finally, in this trial, methotrexate resulted in more cases of
non- basal-cell skin cancers than placebo, a finding that was unexpected and that merits
further exploration,24-26

In summary, in this randomized, placebo-controlled trial involving patients with stable
atherosclerosis, low-dose methotrexate did not reduce levels of interleukin-12, interleukin-6,
or C-reactive protein and did not result in fewer cardiovascular events than placebo.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Figure 1. Laboratory Findings.

Shown are the effects of low-dose methotrexate (LDM) and placebo on hepatic enzyme

levels (alanine aminotransferase [ALT] and aspartate aminotransferase [AST]), hematologic
measures (mean corpuscular volume, white-cell count, hematocrit level, and hemoglobin
level), inflammatory mediators (interleukin-12, interleukin-6, and high-sensitivity Creactive

protein [CRP] levels), and lipid levels (low-density lipoprotein [LDL] cholesterol, high-

density lipoprotein [HDL] cholesterol, and triglycerides). Data shown are the changes from
enrollment to 8 months after randomization. The horizontal line in each box represents the
median, the top and bottom of the boxes the interquartile range, and the whiskers 1.5 times

the interquartile range.
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Figure 2. Cumulative I ncidence of the Final Primary End Point and the Original Primary End
Point.

Shown is the cumulative incidence of the final primary end point of major adverse
cardiovascular events (nonfatal myocardial infarction, nonfatal stroke, or cardiovascular
death) or hospitalization for unstable angina that led to urgent revascularization (Panel A)
and the cumulative incidence of the original primary end point of nonfatal myocardial
infarction, nonfatal stroke, or cardiovascular death (Panel B). The inset in each panel shows
the same data on an enlarged y axis.
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