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BACKGROUND
Inflammation is causally related to atherothrombosis. Treatment with canakinumab, 
a monoclonal antibody that inhibits inflammation by neutralizing interleukin-1β, 
resulted in a lower rate of cardiovascular events than placebo in a previous ran-
domized trial. We sought to determine whether an alternative approach to inflam-
mation 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-1β, interleukin-6, or C-reactive protein levels than pla-
cebo. 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 per-
son-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 eleva-
tions 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-1β, 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.)
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Inflammation plays a critical role in 
atherothrombosis.1,2 In the Canakinumab Anti-
inflammatory Thrombosis Outcomes Study 

(CANTOS), treatment with canakinumab, a mono-
clonal antibody that selectively neutralizes 
interleukin-1β, 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 interleu-
kin-6 and high-sensitivity C-reactive protein,4,5 
which suggests that the benefit was related to 
the targeting of the interleukin-1β–interleukin-
6–C-reactive protein pathway of innate immunity. 
These results thus provide proof of principle that 
inhibiting inflammation can prevent atheroscle-
rotic 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 condi-
tions, including rheumatoid arthritis, psoriatic 
arthritis, and juvenile idiopathic arthritis.9,10 Fur-
thermore, in observational studies, patients with 
rheumatoid arthritis and psoriatic arthritis who 
received low-dose methotrexate had fewer cardio-
vascular events than patients who received other 
therapies or placebo.11-13 We report here the re-
sults of the Cardiovascular Inflammation Reduc-
tion Trial (CIRT), which was conducted in col-
laboration with the National Heart, Lung, and 
Blood Institute (NHLBI) and was planned in 
parallel with CANTOS. In CIRT, we assessed 
low-dose methotrexate in the secondary preven-
tion of atherothrombotic events among patients 
with a history of myocardial infarction or multi-
vessel coronary artery disease who additionally 
had either type 2 diabetes or the metabolic syn-
drome.14

Me thods

Trial Design and Oversight

This randomized, double-blind, placebo-con-
trolled, investigator-initiated trial was funded by 
the NHLBI. The trial protocol, available with the 
full text of this article at NEJM.org, was de-

signed 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 sta-
tistical 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 packag-
ing 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 manu-
script 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 pa-
tients were in a medically stable condition and 
had completed any planned revascularization pro-
cedures. The trial inclusion and exclusion crite-
ria 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.15 
Patients with a history of chronic infection, tuber-
culosis, interstitial pneumonitis, pulmonary fi-
brosis, alcohol abuse, hepatic or renal dysfunc-
tion, or New York Heart Association class IV heart 
failure were excluded, as were women of child-
bearing potential and patients who were receiving 
treatment with oral glucocorticoids or other im-
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munosuppressive agents. Details of the enroll-
ment 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 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. Par-
ticipants who had adverse effects or laboratory 
abnormalities during the run-in phase were ex-
cluded 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 hav-
ing taken 15 mg of methotrexate once weekly for 
at least 2 consecutive weeks without adverse ef-
fects 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. Ran-
domization 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 methotrex-
ate (or matching placebo). A computerized algo-
rithm (based on levels of centrally measured labo-
ratory variables and reported symptoms, assessed 
every 2 months, with treatment assignments 
concealed) was used to adjust the dose of meth-
otrexate 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 exter-

nal 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 cardio-
vascular events plus any coronary revasculariza-
tion; hospitalization for congestive heart failure; 
and a composite of major adverse cardiovascular 
events plus coronary revascularization, hospital-
ization 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 revascu-
larization. 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 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 termina-
tion 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 pro-
tein 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 
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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-1β, interleu-
kin-6, high-sensitivity C-reactive protein, lipid 
levels, markers of hepatic function, and hemato-
logic measures were compared between the pla-
cebo 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 pri-
mary 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% confi-
dence intervals have not been adjusted for mul-
tiplicity, and therefore inferences drawn from 
these intervals may not be reproducible.

R esult s

Patients

Of 9321 potential participants who provided in-
formed 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 metho-
trexate (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 myo-
cardial infarction in 61% of the patients and 
multivessel coronary disease without previous 
infarction in 39%. Qualifying coexisting condi-
tions 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 analy-
ses reported here, a decision that was made be-
fore 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 in-
creases in serum levels of alanine aminotransfer-
ase (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). At randomization, the 
median level of high-sensitivity C-reactive pro-
tein 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 signifi-
cantly greater reductions from baseline in the 
total white-cell count, hematocrit level, and hemo-
globin level (P<0.001 for all comparisons be-
tween 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-1β, or interleukin-6. Long-
term methotrexate treatment did not alter C-reac-
tive 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 algo-
rithm 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 discon-
tinued the trial regimen.

After a median follow-up of 2.3 years (maxi-
mum, 5 years), a first occurrence after random-
ization of a final primary end-point event (non-
fatal myocardial infarction, nonfatal stroke, 
cardiovascular death, or hospitalization for un-
stable angina that led to urgent revascularization) 
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Characteristic Low-Dose Methotrexate (N = 2391) Placebo (N = 2395)

Median age (IQR) — yr 65.6 (59.7–71.8) 66.0 (59.8–71.7)

Female sex — no. (%)  461 (19.3)  437 (18.2)

Country — no. (%)

Canada  407 (17.0)  404 (16.9)

United States 1984 (83.0) 1991 (83.1)

Nonwhite race or Hispanic ethnic group  
— no./total no. (%)†

545/2346 (23.2) 485/2322 (20.9)

Current smoker — no. (%)  267 (11.2)  270 (11.3)

Alcohol use — no. (%)

Rarely or never 1487 (62.2) 1473 (61.5)

≤1 drink/wk  514 (21.5)  520 (21.7)

>1 drink/wk  390 (16.3)  402 (16.8)

Median body-mass index (IQR)‡ 31.6 (28.2–35.5) 31.3 (28.1–35.6)

Hypertension — no. (%) 2153 (90.0) 2169 (90.6)

Qualifying event — no. (%)

Myocardial infarction 1451 (60.7) 1458 (60.9)

Multivessel coronary disease  940 (39.3)  937 (39.1)

Qualifying coexisting condition — no. (%)

Diabetes  788 (33.0)  823 (34.4)

Metabolic syndrome  771 (32.2)  780 (32.6)

Diabetes and metabolic syndrome  832 (34.8)  792 (33.1)

History of congestive heart failure  288 (12.0)  332 (13.9)

History of percutaneous coronary intervention 1396 (58.4) 1420 (59.3)

History of coronary-artery bypass grafting 1010 (42.2) 1032 (43.1)

Family history of premature myocardial infarction  
— no./total no. (%)§

550/2118 (26.0) 536/2116 (25.3)

Family history of premature stroke — no./total no. (%)§ 142/2144 (6.6) 136/2160 (6.3)

Use of ACE inhibitor or ARB — no. (%) 1736 (72.6) 1724 (72.0)

Use of statin — no. (%) 2058 (86.1) 2052 (85.7)

Use of beta-blocker — no. (%) 1870 (78.2) 1905 (79.5)

Use of antiplatelet or antithrombotic agent — no. (%) 2082 (87.1) 2054 (85.8)

Median lipid levels (IQR) — mg/dl

Total cholesterol 141.0 (122.0–168.0) 140.9 (122.0–164.0)

LDL cholesterol 68.0 (54.0–87.0) 68.0 (53.3–86.0)

HDL cholesterol 41.0 (34.7–49.0) 41.0 (35.0–48.0)

Triglycerides 135.4 (98.0–191.2) 136.0 (98.2–191.6)

Median high-sensitivity C-reactive protein level (IQR)  
— mg/liter

1.53 (0.78–3.59) 1.50 (0.70–3.29)

Median interleukin-1β level (IQR) — pg/ml 1.59 (0.49–3.17) 1.46 (0.53–3.11)

Median interleukin-6 level (IQR) — pg/ml 2.37 (1.53–3.76) 2.30 (1.58–3.51)

Median glycated hemoglobin level (IQR) — % 6.6 (6.0–7.5) 6.5 (5.9–7.5)

*  There were no significant differences between the groups in the characteristics at baseline (P<0.05). Data for lipid and 
inflammatory biomarkers as well as glycated hemoglobin are the values at enrollment, before the active-treatment run-in 
phase. Effects of the run-in phase on these and other variables are described in Table S1 in the Supplementary Appendix. 
To convert the values for cholesterol to millimoles per liter, multiply by 0.02586. To convert the values for triglycerides 
to millimoles per liter, multiply by 0.01129. ACE denotes angiotensin-converting enzyme, ARB angiotensin-receptor 
blocker, HDL high-density lipoprotein, IQR interquartile range, and LDL low-density lipoprotein.

†  Race or ethnic group was reported by the patient.
‡  The body-mass index is the weight in kilograms divided by the square of the height in meters.
§  A family history of premature myocardial infarction or premature stroke was considered to be an event occurring in the 

mother before the age of 65 or in the father before the age of 55.

Table 1. Baseline Characteristics of the Trial Participants.*
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was reported in 201 patients in the methotrexate 
group and in 207 in the placebo group (inci-
dence rate, 4.13 vs. 4.31 per 100 person-years; 
hazard ratio, 0.96; 95% confidence interval [CI], 
0.79 to 1.16; P = 0.67) (Table 2 and Fig. 2). For 

the original primary end point (nonfatal myo-
cardial infarction, nonfatal stroke, or cardiovas-
cular death), the corresponding numbers were 
170 in the methotrexate group and 167 in the 
placebo group (incidence rate, 3.46 vs. 3.43 per 

Figure 1. Laboratory Findings.

Shown are the effects of low-dose methotrexate (LDM) and placebo on hepatic enzyme levels (alanine aminotransferase [ALT] and aspar-
tate aminotransferase [AST]), hematologic measures (mean corpuscular volume, white-cell count, hematocrit level, and hemoglobin level), 
inflammatory mediators (interleukin-1β, interleukin-6, and high-sensitivity C-reactive protein [CRP] levels), and lipid levels (low-density 
lipoprotein [LDL] cholesterol, high-density lipoprotein [HDL] cholesterol, and triglycerides). Data shown are the changes from enroll-
ment 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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100 person-years; hazard ratio, 1.01; 95% CI, 
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 oc-
curred in the placebo group (incidence rate, 1.80 
vs. 1.55 per 100 person-years; hazard ratio, 1.16; 
95% CI, 0.87 to 1.56). We observed no effect 
modification in subgroup analyses stratified ac-
cording 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).

Adverse Events

Rates of serious adverse events, including bleed-
ing 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), 

End Point
Low-Dose Methotrexate 

(N = 2391)
Placebo 

(N = 2395)
Hazard Ratio  

(95% CI)* P Value

no. of  
patients

incidence rate/ 
100 person-yr

no. of  
patients

incidence rate/ 
100 person-yr

Primary end points†

Final primary end point: major adverse car-
diovascular event or hospitalization for 
unstable angina that led to urgent revas-
cularization

201 4.13 207 4.31 0.96 (0.79–1.16) 0.67

Original primary end point: major  
adverse cardiovascular event

170 3.46 167 3.43 1.01 (0.82–1.25) 0.91

Secondary end points†

Death from any cause  96 1.80  83 1.55 1.16 (0.87–1.56)

Major adverse cardiovascular event or any 
coronary revascularization

278 5.86 288 6.15 0.95 (0.81–1.12)

Hospitalization for congestive heart failure  48 0.95  53 1.06 0.89 (0.60–1.31)

Major adverse cardiovascular event, coronary 
revascularization, hospitalization for con-
gestive heart failure, or death from any 
cause

344 7.30 345 7.42 0.98 (0.84–1.14)

Tertiary end points

Nonfatal myocardial infarction 113 2.29 114 2.32 0.99 (0.76–1.29)

Nonfatal stroke  28 0.55  30 0.60 0.91 (0.54–1.52)

Cardiovascular death  49 0.92  43 0.80 1.14 (0.76–1.72)

Hospitalization for unstable angina that led 
to urgent revascularization

 41 0.81  50 1.01 0.81 (0.53–1.22)

Coronary revascularization 190 3.95 205 4.30 0.92 (0.75–1.12)

Arterial revascularization 195 4.05 185 3.84 1.05 (0.86–1.28)

*  Confidence intervals have not been adjusted for multiplicity, and therefore inferences drawn from these intervals may not be reproducible.
†  Major adverse cardiovascular events included nonfatal myocardial infarction, nonfatal stroke, and cardiovascular death.

Table 2. Cardiovascular Clinical End Points.
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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-con-
trolled trial, low-dose methotrexate did not re-
duce levels of interleukin-1β, 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 as-
sociated 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 methotrex-
ate in CIRT contrast with those for canakinumab 
in CANTOS,3 a comparison of these two contem-
porary trials, which were designed and con-
ducted 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-reac-
tive 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 pro-
tein 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 CANTOS, 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,3-5 where-
as in CIRT, methotrexate did not lower either of 
these inflammatory biomarkers or interleukin-1β. 
Thus, although abundant data indicate that in-
flammation contributes critically to atherothrom-
bosis,1-3 an important provisional hypothesis de-
riving from these two contemporary trials is that 
reducing the risk of cardiovascular events may 
depend on the pathway targeted. Inhibition of 

Figure 2. Cumulative Incidence 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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interleukin-1β–interleukin-6 signaling, a process 
initiated at the level of the NLRP3 inflamma-
some,17 effectively reduced cardiovascular events 
in CANTOS, and human genetic data implicate 
this pathway as causal in atherothrombosis. Stud-
ies with neutral outcomes involving other anti-

inflammatory agents (e.g., the phospholipase in-
hibitor darapladib and the p38 MAP kinase blocker 
losmapimod)18,19 that also did not lower levels of 
interleukin-1β, interleukin-6, or C-reactive pro-
tein over the long term point to pathways that 
appear to be less critical in atherothrombosis.

Adverse Event or Laboratory Variable
Low-Dose Methotrexate 

(N = 2391)
Placebo 

(N = 2395) P Value

no. of  
patients

incidence rate/ 
100 person-yr

no. of  
patients

incidence rate/ 
100 person-yr

Adverse event

Any event 1488 62.4 1399 56.0 0.004

Serious event  569 13.5  549 13.0 0.52

Infection or infestation

Any event  659 16.5  584 14.4 0.02

Serious event  111 2.24  121 2.47 0.50

Gastrointestinal disorder

Any event  350 7.79  284 6.23 0.006

Serious event   60 1.20   46 0.92 0.22

Neurologic disorder

Any event  213 4.53  195 4.12 0.37

Serious event   53 1.06   55 1.11 0.89

Hemorrhage†

Any event  132 2.71  111 2.28 0.20

Serious event   32 0.63   25 0.50 0.44

Cancer

Reported in case-report forms from visits

Any cancer   52 1.03   30 0.60 0.02

Non–basal-cell skin cancer   31 0.61   10 0.20 0.002

Determined on the basis of a MedDRA query,  
case-report forms from visits, and  
adverse-event reports

Any cancer  106 2.15   95 1.93 0.51

Non–basal-cell skin cancer   33 0.65   12 0.24 0.003

Mouth sores or oral pain‡   96 1.95   56 1.13 0.001

Unintended weight loss‡  104 2.10   73 1.47 0.02

Alanine aminotransferase >3x normal range   49 0.97   17 0.34 <0.001

Aspartate aminotransferase >3x normal range   39 0.77   21 0.42 0.03

Leukopenia§  241 5.14  172 3.63 <0.001

*  Serious adverse events were those that resulted in death, were life-threatening, led to hospitalization or prolongation of hospitalization, 
caused clinically significant incapacity, or were deemed to be an important medical event as judged by the investigator.

†  Data are determined on the basis of a standardized Medical Dictionary for Regulatory Activities (MedDRA) query.
‡  Data are from an explicit question on case-report forms from visits and from adverse-event reports.
§  Data are from results from laboratory assays and from adverse-event reports.

Table 3. Adverse Events and Selected Laboratory Data.*

The New England Journal of Medicine 
Downloaded from nejm.org on November 12, 2018. For personal use only. No other uses without permission. 

 Copyright © 2018 Massachusetts Medical Society. All rights reserved. 



n engl j med  nejm.org 10

T h e  n e w  e ngl a nd  j o u r na l  o f  m e dic i n e

The observations in CANTOS, CIRT, and other 
trials highlight the importance of considering 
the mechanistic diversity of inflammatory path-
ways in atherosclerosis and of exploring ap-
proaches to their inhibition. Understanding these 
differences is likely to be crucial for future stud-
ies targeting inflammation in atherosclerosis. 
The mechanism involved in the efficacy of meth-
otrexate in rheumatoid arthritis remains poorly 
understood despite the wide clinical use of that 
agent, but it probably reflects adenosine-mediated 
antiinflammatory effects.20,21 In contrast, cana-
kinumab has only modest additional benefit in 
rheumatoid arthritis among patients already re-
ceiving treatment with methotrexate.22 Thus far, 
only targeting the interleukin-1β–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, observa-
tional data had repeatedly shown an association 
of low-dose methotrexate use with reduced vas-
cular 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 inflamma-
tory conditions, but it is also possible that un-
measured confounding arising from the selective 

use of methotrexate led to bias in the estimates. 
Similarly, although there is evidence that metho-
trexate administered to treat rheumatoid arthri-
tis lowers the C-reactive protein level, data show-
ing this effect derive almost exclusively from 
studies that enrolled individuals with inflamma-
tory 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 re-
gression 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-1β, interleukin-6, or 
C-reactive protein and did not result in fewer 
cardiovascular events than placebo.
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