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Adverse Effects of Low-Dose Methotrexate in a 
Randomized Double-Blind Placebo-Controlled Trial: 
Adjudicated Hematologic and Skin Cancer Outcomes in the 
Cardiovascular Inflammation Reduction Trial
Kathleen M.M. Vanni , Nancy Berliner , Nina P. Paynter, Robert J. Glynn, Jean MacFadyen, Joshua Colls, 
Fengxin Lu, Chang Xu, Paul M. Ridker, and Daniel H. Solomon

Objective. Low-dose methotrexate (LD-MTX), a cornerstone in the treatment of rheumatoid arthritis, is associated 
with a moderately increased risk of anemia, leukopenia, and skin cancers, but the risks of myelosuppression and 
malignancy during LD-MTX use remain incompletely described. We examined the risks of cytopenias and skin 
cancers among patients taking LD-MTX versus placebo in a large randomized controlled trial (RCT).

Methods. We prespecified secondary analyses of a double-blind, placebo-controlled RCT that included adults 
with known cardiovascular disease and diabetes or metabolic syndrome in the United States and Canada. Subjects 
were randomly allocated to LD-MTX (20 mg/week maximum) or placebo. All subjects received folic acid (1 mg daily 
for 6days/week). We assessed the frequency of blindly adjudicated hematologic and malignant adverse events 
(AEs).

Results. A total of 2391 subjects were randomized to LD-MTX (mean dosage 14.9 mg/week), and 2395 were 
randomized to placebo. During follow-up, in the LD-MTX arm, simultaneous two-line cytopenias (n = 92 [3.9%]) or 
pancytopenia (n = 13 [0.54%]) were infrequent. Pancytopenia developed as soon as 4 months and as late as 3.5 years 
after beginning LD-MTX, though the latter subject had been recently diagnosed with multiple myeloma. Overall skin 
cancer risk was increased in users of LD-MTX compared with users of placebo, which driven largely by a statistically 
significant increased risk of squamous cell skin cancer (hazard ratio [HR] 3.31; 95% confidence interval [CI] 1.63-
6.71). Melanoma was increased in LD-MTX, but this was not statistically significant (HR 2.33; 95% CI 0.60-9.01).

Conclusions. Among subjects using LD-MTX, simultaneous two-line cytopenias and pancytopenia were 
uncommon. We found more cases of skin cancer, particularly squamous cell carcinomas, in the LD-MTX arm than 
the placebo arm.

INTRODUCTION

Methotrexate (MTX) was originally developed as aminopterin 
for pediatric acute lymphoblastic leukemia in the 1940s (1). Sev-
eral decades later, clinicians began using low-dose MTX (LD-MTX) 
for systemic inflammatory conditions, such as psoriasis and rheu-
matoid arthritis. However, bone marrow toxicity and associated 
cytopenias proved to be an important adverse event (AE) of 

weekly LD-MTX for chronic nononcologic use. In the first decades 
of LD-MTX use, pancytopenia was reported to affect 1.4% to 2% 
of patients (2-3) and to be fatal in 17% of cases (4). Folic acid 
supplementation has been part of standard practice since the late 
1990s, but its effect on the risk of bone marrow toxicity and asso-
ciated cytopenias remains unclear (4).

Furthermore, the effect of LD-MTX on cancer risk remains 
incompletely understood. The widespread use of high-dose MTX 
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to treat various cancers, including breast cancer and some lym-
phomas, might make it seem as though LD-MTX has a neutral 
or beneficial effect on cancer. Observational data in patients with 
rheumatoid arthritis suggest otherwise, as standardized incidence 
ratios appear elevated for LD-MTX considering any cancer, mel-
anoma, lung cancer, and non-Hodgkin lymphoma (5). Moreover, 
several epidemiologic studies have found an increased risk of skin 
cancers among patients using LD-MTX compared with those 
taking other disease-modifying antirheumatic drugs for systemic 
inflammatory diseases (5,6).

To address these issues in a contemporary setting with rou-
tine folic acid supplementation, we followed subjects initiating 
LD-MTX in a double-blind placebo-controlled randomized con-
trolled trial (RCT), the Cardiovascular Inflammation Reduction Trial 
(CIRT), which examined whether LD-MTX may protect against 
subsequent cardiovascular events in patients with known cardi-
ovascular disease. The trial did not find cardiovascular benefit (7). 
We prespecified analyses of several adjudicated AEs of interest, 
including cytopenias and malignancies. AEs affecting the liver, 
including liver function test abnormalities, have been reported out-
side of this paper (8). In our prior paper, we described a similar risk 
of malignancies between LD-MTX and placebo but an increased 
risk of skin cancers (8). This finding is further examined herein.

PATIENTS AND METHODS

Study population and design. CIRT was a double-blind, 
placebo-controlled RCT that was stopped prematurely because 
of lack of efficacy regarding cardiovascular endpoints (8). Enroll-
ment began in 2013, all study drug was terminated in April 2018, 
and final safety visits took place through December 2018. We pre-
specified safety analyses in CIRT, and AEs of interest were blindly 
adjudicated as part of the trial. The primary study population for the 
AE analyses was the randomized population. Potentially eligible 
patients had a known history of myocardial infarction or multives-
sel coronary artery disease plus diabetes or metabolic syndrome; 
known systemic rheumatic disease was exclusionary. Other 
exclusions included a history of non–basal cell malignancy, mye-
loproliferative disease, or treatment for lymphoproliferative disease 
in the past 5 years. Subjects were required to meet the follow-
ing laboratory minimums at screening: hematocrit (HCT) of 32%, 
white blood cell (WBC) count of 3500/μl, and platelet (PLT) count 
of 75 000/μl.

Subjects completed an active run-in phase of 5 to 8 weeks, 
using 10 to 15 mg of weekly LD-MTX with 1 mg folic acid supple-
mentation on the other 6 days. Those that tolerated LD-MTX with-
out AEs and no or minimal AEs on HCT, WBC, and PLT counts 
during the active run-in were eligible for randomization to oral 
LD-MTX or placebo. After randomization, the initial weekly dose 
of LD-MTX (or matching placebo) was 15 mg; after 16 weeks, if 
patients tolerated study drug and laboratory monitoring met pre-
specified thresholds, the study drug (LD-MTX or placebo) was 

increased to 20 mg weekly. Subjects were monitored for possi-
ble LD-MTX toxicity through regular central laboratory monitoring 
every 4 to 8 weeks and study visits every 12 to 16 weeks during 
follow-up. A computerized algorithm helped monitor laboratory 
values, and a titration algorithm was followed during the trial (see 
Supplemental Figure 1). In addition, board-certified rheumatol-
ogists served as medical monitors if laboratory values reached 
critical levels or sites sought advice. Monitors would instruct sites 
how to downtitrate the study drug during periods of AEs or lab-
oratory abnormalities. These monitors remained blinded to study 
treatment unless sites requested unblinding.

Hematology and skin cancer outcomes. The adjudi-
cated hematology AEs included cytopenias detected by central 
laboratories plus occasional routine blood work from study sites. 
Abnormal cell count definitions were prespecified according to the 
central laboratory thresholds; mild (hemoglobin <13.5 for men or 
10 to <12 g/dl for women, PLT <145-75 k/μl, and WBC <4.0-3.0 
k/μl), moderate (hemoglobin 8-10 g/dl, PLT 50-75 k/μl, and WBC 
2-2.99 k/μl), and severe (hemoglobin <8 g/dl, PLT <50 k/μl; WBC 
<2 k/μl) reductions were categorized according to the Common 
Terminology Criteria for AEs (version 5.0) (9). Additionally, sites 
reported AEs at scheduled visits; AE reports, reasons sites noted 
for temporary or permanent study drug discontinuation, and cen-
tral laboratory monitoring values were searched to identify hema-
tologic AEs.

The cancer AEs included all malignancies, with premalignant 
diagnoses excluded. These AEs were prespecified and blindly 
adjudicated based on medical records using a standardized form 
(see Supplemental Figure 2) and were supervised by a hematol-
ogy-oncology subspecialist (N.B.). Cancer outcomes were con-
sidered definite if pathology reports noted malignancy, probable 
if treatment for cancer was documented but no definite pathol-
ogy was available, and possible if cancer was mentioned but 
no pathology or cancer treatment was described in the medical 
record.

Statistical analyses. The analyses examined the fre-
quency, rate, risk difference, and relative rate of hematology and 
skin cancer AEs. The primary analyses considered all first events 
occurring after randomization and followed a modified intention-
to-treat strategy that censored subjects 180 days after the sub-
ject’s last reported dose of the study drug.

Relative rates for hematology and malignancy AEs were esti-
mated using the proportional hazards regression model. Propor-
tional hazard assumptions were tested using Schoenfeld residuals 
(10). Prespecified secondary analyses included the frequency, risk 
difference, and relative risk of multiple cytopenias occurring simul-
taneously, with two cell lines having at least mild reductions and/or 
pancytopenia or all three cell lines having at least mild reductions. 
Finally, we assessed the effect of LD-MTX on hemoglobin in the 
subgroup of patients with mild or moderate anemia at baseline; 
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this is based on the theory that some adults with anemia have 
chronic inflammation, which is possibly treated with LD-MTX (11).

We had previously found that, among subjects taking 
LD-MTX, the risk of any skin cancer was increased (8). Therefore, 
we examined the rate, 3-year risk, risk difference, and relative risk 
of the skin cancer subtypes (basal and squamous cell carcinomas 
and melanoma). Furthermore, we examined the overall risk of skin 
cancer by age (<65 years versus ≥65 years), biological sex, and 
race (white versus nonwhite).

All analyses were conducted using SAS (version 9.4).

RESULTS

Of 9321 subjects screened, 4786 were randomized. The 
2391 participants randomized to LD-MTX took an average of 
14.9 mg (±4.5 mg) weekly, and the remaining 2395 took an aver-
age of 15.3 mg (±4.3 mg) placebo. Baseline characteristics were 
well balanced (see Table 1).

Results of the individual anemia, leukopenia, and thrombocy-
topenia analyses have been reported in brief (8) and are summa-
rized in Table 2. Simultaneous two-line cytopenia was uncommon. 
In the LD-MTX arm, 92 subjects (3.9%) experienced two-line 
cytopenia compared with 70 (2.9%) in the placebo arm. The haz-
ard ratio (HR) for two-line cytopenia was 1.31 (95% confidence 
interval [CI] 0.96-1.79), and the risk difference over 3 years was 
0.0196% (95% CI 0.0043-0.0349).

Pancytopenia was numerically more common among 
patients randomized to LD-MTX but was rare in both arms. 
Thirteen participants (0.5%) taking LD-MTX and six (0.3%) tak-
ing placebo experienced pancytopenia during the trial; the HR 
was 2.15 (95% CI 0.82-5.66), and the 3-year risk difference was 
0.0043% (range −0.0001 to 0.0095). We examined the 13 cases 
of LD-MTX–associated pancytopenia in detail (Table 3). Pancyto-
penia developed as soon as 4 months and as late as 3.5 years 
after beginning LD-MTX, though the latter subject had been diag-
nosed with multiple myeloma 1 week before. The median age of 
subjects who developed pancytopenia was 70.5 years (interquar-
tile range [IQR] 69-75), compared with a median age of 65.6 years 
(IQR 59.7-71.8) in the entire LD-MTX arm. The PLT counts in all 
13 cases showed only mild reductions. Nine of these cases were 
limited to mild decreases across all three cell lines, three had mod-
erate anemia and moderate leukopenia with mild thrombocyto-
penia, and one had severe anemia with mild leukopenia and mild 
thrombocytopenia. Four subjects continued LD-MTX without 
a temporary stop or dose change, five continued at a reduced 
dose, one resumed after a temporary stop, and three discontin-
ued permanently. All subjects recovered.

Figure 1 presents median hemoglobin levels and platelet and 
leukocyte counts over time in the two treatment groups. The base-
line values represent the end of the active run-in period immediately 
before randomization. Median hemoglobin decreased over the 
study in both arms, with a 0.40 g/dl (IQR −0.90 to 0.10) decrease 

in the LD-MTX arm and a 0.10 g/dl (IQR −0.60 to 0.30) decrease 
in the placebo arm. WBC counts did not change between base-
line and the end of follow-up in the LD-MTX arm (median change 
0.00 k/μlL; IQR −0.90 to 0.80) and increased by 0.20 k/μL in the 
placebo arm (IQR −0.70 to 1,10). The median PLT count did not 
change in the LD-MTX arm between baseline and final study visits 
(median change 0.00 k/μL; IQR −18 to 16) but decreased by 9 k/
μL (IQR −26 to 9) in the placebo arm.

We reported previously that the risk of any cancer was similar 
across both treatment arms, though the risk of skin cancer was 
increased for those taking LD-MTX (8). In the present analyses, 
we examined the differences in risk for each type of skin cancer 
(basal, squamous, and malignant melanoma). No differences in 
risk were observed between LD-MTX and placebo for cancers 
overall. There was a small, statistically significant increase in skin 
cancer risk for the LD-MTX arm compared with the placebo arm 
(Table 3). The risk difference was 0.0218 (95% CI 0.0102-0.0334), 
translating into an HR of 2.05 (95% CI 1.28-3.28) (8).

We further examined the risk of any skin cancer event by 
age (<65 years versus ≥65 years), sex, and race (white versus 
nonwhite) (Table 3). Although the increased risk of skin cancer with 

Table 1. Baseline Characteristics in CIRT

Characteristics

Low-Dose 
Methotrexate 

(n = 2391)
Placebo  

(n = 2395)
Female sex, n (%) 461 (19.3) 437 (18.2)
Age at enrollment, median 

(IQR), yr
65.5 (59.5-71.6) 65.9 (59.7-71.6)

Race, n (%)
White 2008 (84.0) 2059 (86.0)
Black or African American 194 (8.1) 156 (6.5)
Asian 89 (3.7) 92 (3.8)
American Indian or Alaska 

Native
6 (0.25) 7 (0.29)

Native Hawaiian or other 
Pacific Islander

4 (0.17) 6 (0.25)

Multiple 15 (0.6) 9 (0.38)
Other 75 (3.1) 66 (2.8)

Body mass index, median (IQR), 
kg/m2

31.6 (28.1-35.7) 31.3 
(28.0-35.5)

Weekly study drug dosage, mg, 
mean (SD)

14.5 (±4.5) 15.3 (±4.3)

Diabetes, n (%) 1620 (67.8) 1615 (67.4)
Current cigarette use, n (%) 267 (11.2) 270 (11.3)
Alcohol use, n (%)

Rarely or never 1487 (62.2) 1473 (61.50)
≤ 1 drink/week 514 (21.5) 520 (21.71)
>1 drink/week 390 (16.3) 402 (16.8)

Aspirin use, n (%) 1861 (77.8) 1807 (75.4)
Other NSAID use, n (%) 217 (9.1) 195 (8.1)
Other anticoagulant use, n (%) 570 (23.8) 560 (23.4)
Oral corticosteroid use, n (%) 27 (1.1) 22 (0.9)
Hemoglobin, median (IQR), g/dl 14.1 (13.0-15.0) 14.1 (13.0-15.0)
White blood cell count, median 

(IQR), k/μl
7.0 (6.0, 8.3) 7.0 (5.9, 8.3)

Platelet count, k/μl 233.0 
(188.0-260.0)

221.0 
(185.0-261.0)

IQR, interquartile range; NSAID, nonsteroidal anti-inflammatory drug.
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LD-MTX remained in the ≥65 years age group (HR 1.97; 95% CI 
1.16-3.36), the risk was increased but not statistically significant 
in the <65 years age group (HR 2.48; 96% CI 0.88-6.98). The 
increased risk of skin cancer persisted among both men (HR 1.78; 
95% CI 1.09-2.91) and women (HR 8.76, 95% CI 1.04-73.72). 
No cases of skin cancer were reported among nonwhite subjects 
who were randomized to placebo, and two were reported among 
nonwhite participants taking LD-MTX.

Finally, the subgroup of patients with mild or moderate anemia 
at baseline were studied to see if LD-MTX might improve hemo-
globin levels in this group, which included 1507 participants. From 
this group, 258 subjects were female (17.12%), and the median 
age was 68 years (IQR 62-73). The median hemoglobin value at 
the end of the study was unchanged relative to baseline (IQR −0.6 
to 0.7 g/dl) among this subgroup.

DISCUSSION

MTX is a drug used for cancer at high dosages, but LD-MTX 
has an important role in treating patients with systemic rheumatic 
diseases. We found a clear increase in the risk of anemia and 
leukopenia among patients randomized to LD-MTX versus pla-
cebo, albeit that most cases were very mild. However, we found a 
slightly reduced risk of thrombocytopenia among patients taking 
LD-MTX. Simultaneous two-line cytopenia and pancytopenia were 
numerically increased among subjects randomized to LD-MTX, 
although these events did not reach statistical significance, as 
they were uncommon in both arms. In this placebo-controlled, 
double-blind randomized trial with blind adjudication of AEs, we 
found no increase in cancer overall but found an increase in skin 
cancers, particularly squamous cell carcinoma.

The results from the current analyses regarding pancytopenia 
reveal several important findings. Before the widespread use of 
folic acid supplementation, pancytopenia was estimated to occur 
in 1.4 to 2% of patients taking LD-MTX for rheumatoid arthritis 
(2,3). However, we conducted a meta-analysis of 30 RCTs that 
included 3858 patients with rheumatoid arthritis taking LD-MTX 
and folic acid supplementation, and no cases of pancytopenia 
were reported (12). In the current study, 13 cases (0.5%) of pancy-
topenia occurred within the LD-MTX arm. These cases developed 
in older adults at a wide range of time points throughout follow-up. 
They consisted mostly of mild cell count reductions, and all recov-
ered. The platelet counts among these subjects ranged from 112 
to 144 k/μl at the time of pancytopenia, and the study used 145 
k/μl as the lower limit of normal (LLN). A laboratory that used a 

less conservative LLN might consider these values to be within 
the normal range.

Our findings support prior observational studies that noted 
an increase in skin cancer among patients taking LD-MTX or 
other immunosuppressants. Similar to the findings of the cur-
rent analyses, a United States–based registry study found an 
increased risk of nonmelanoma skin cancers compared with 
other nonbiologic treatments for rheumatoid arthritis (13). A large 
administrative claims-based analysis among patients with psori-
asis also found an increased risk of second nonmelanoma skin 
cancers with LD-MTX, with an HR of 1.60 (95% CI 1.08-2.37), 
but this included LD-MTX used in combination with other immu-
nosuppressive medications (6). The biologic basis for LD-MTX 
causing skin cancers is not clear based on published literature; 
however, there are many reports of skin cancer risk associated 
with immunosuppression among the post-transplant population 
(14). Based on our current findings, monitoring for skin cancer 
in LD-MTX should be considered, especially in patients 65 years 
and older.

Although the risks for anemia and leukopenia were increased 
among subjects randomized to LD-MTX, the absolute reduc-
tions in hemoglobin were small, and WBC counts did not change 
between baseline and end of follow-up. Because the baseline val-
ues represent the end of the active run-in period, the slight increase 
in WBC count and slight decrease in PLT count in the placebo arm 
reflect the effect of LD-MTX discontinuation. The modest protec-
tive effect of LD-MTX against thrombocytopenia is consistent with 
this decrease in the PLT count among subjects randomized to 
placebo.

Strengths of the current study include the inclusion of a 
placebo arm; prior analyses among patients with rheumatic dis-
eases compare LD-MTX with other active immunosuppressive 
agents. We blindly adjudicated the AEs, using standardized data 
collection forms, with a board-certified hematologist-oncologist. 
Moreover, the complete blood counts were conducted in central-
ized laboratories among a relatively large study cohort. However, 
patients were monitored frequently, so we may have identi-
fied more patients with hematologic abnormalities than would be 
typically found in a clinic population. All subjects were monitored 
at the same time points per protocol; thus, our results cannot 
address whether or how monitoring strategies might be opti-
mized. The rates of abnormalities found in the current study were 
among patients who did not have systemic rheumatic diseases or 
psoriasis. These rates among patients with chronic inflammatory 
diseases could differ.

Figure 1. This figure represents the median (filled circle) and interquartile range (IQR) for hemoglobin (A), platelet count (B), and white blood 
cell (WBC) count (C) during the Cardiovascular Inflammation Reduction Trial. Compared with baseline, by the end of the study, the median 
hemoglobin value among patients randomized to low-dose (LD) methotrexate (MTX) decreased by 0.4 g/dl (IQR −0.90 to 0.10) and decreased 
by 0.1 mg/dl (IQR −0.60 to 0.30) among those randomized to placebo (PBO). The median platelet count did not change in the LD-MTX arm 
(IQR −18 to 16 k/μl) and decreased by 9 k/μl (IQR −26 to 9) among those randomized to PBO. The median WBC count did not change in the 
LD-MTX arm (IQR −0.90 to 0.80) and increased by 0.2 k/μl (IQR −0.70 to 1.10) in the PBO arm.
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In conclusion, we found a substantial increase in the risk of 
skin cancer among subjects using LD-MTX compared with pla-
cebo, most of which were squamous cell carcinomas. There were 
no risk increases observed for other cancers. The skin cancer find-
ing may have particular clinical relevance when LD-MTX is used in 
psoriasis and psoriatic arthritis, related conditions associated with 
increases in nonmelanoma skin cancer and malignant melanoma 
(15). There appeared to be a small decrease in PLT counts among 
patients using placebo compared with those using LD-MTX, with 
a reduced risk of thrombocytopenia associated with LD-MTX. This 
result was surprising and needs further study. Although we found 
a numerical doubling in the LD-MTX arm of cases of both mela-
noma and pancytopenia, two of the most serious side effects of 
LD-MTX, the events were too rare to reach statistical significance, 
despite this being the largest double-blind, placebo-controlled 
RCT of LD-MTX to date. The current findings should prompt fur-
ther investigation in this population.
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