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Abstract 

Background: Methotrexate (MTX) is an anchor drug used for the treatment of rheumatoid arthritis (RA); hence, 
understanding the reasons for MTX discontinuation in RA can help improve its treatment. Therefore, this study aimed 
to investigate the reasons for MTX discontinuation and to identify future challenges in RA treatment regarding the 
discontinuation and resumption of MTX treatment.

Results: MTX administration was discontinued in 771 patients with RA. The reasons for MTX discontinuation were 
as follows: (1) infectious diseases (20.0%), (2) malignancy (14.1%), and (3) respiratory problems (10.2%). Some patients 
did not resume MTX therapy even after the infections were cured. Liver dysfunction (8.0%) did not improve with MTX 
discontinuation and was often associated with fatty liver disease. In addition to adverse events, MTX discontinuation 
was due to patient preference (4.3%), planning for pregnancy (5.1%), invalidity (5.7%), remission (5.6%), remission with 
biologics (4.7%), old age (2.6%), and poor compliance (1.6%).

Conclusions: This study revealed diverse reasons for the discontinuation of MTX; there are cases in which MTX is dis-
continued but should be considered for resumption. Furthermore, issues such as the indications for MTX discontinua-
tion should still be debated, and multicenter evidence must be collected and examined in future studies.
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Background
Methotrexate (MTX) is the first-line drug in the treat-
ment of rheumatoid arthritis (RA) [1, 2], and medical 
guidelines have been established for such treatment [3, 
4]. Previous reports revealed that MTX is associated with 
various adverse events [5, 6]. Nonetheless, there is suf-
ficient evidence for MTX use in treating RA. However, 
the existing recommendations do not uniformly address 
all aspects related to MTX therapy and disagreements 

regarding its use remain [7]. Patients with RA requiring 
MTX therapy should generally be treated indefinitely [5].

On the other hand, 34–37% of patients with RA treated 
with MTX discontinue it. This is by no means a negligi-
ble percentage; hence, the reasons for MTX discontinua-
tion need to be investigated [8, 9]. Furthermore, adverse 
events are not the only reason for MTX discontinuation 
in patients with RA [10]. Some studies have focused on 
the reasons for discontinuing MTX in treating RA [8, 11, 
12]; however, most focused only on conventional adverse 
events and included small numbers of cases. Hence, there 
are insufficient data regarding this topic. Consequently, 
understanding the reasons for MTX discontinuation can 
help identify new challenges in the treatment of RA.
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This study investigated the reasons for MTX discontin-
uation in the treatment of RA to clarify the issues related 
to the discontinuation and resumption of MTX therapy.

Patients and methods
This was a single-center, retrospective study. Data of 1402 
patients who had discontinued MTX treatment at St. 
Marianna University Medical Center’s Medical Informa-
tion Office were extracted. After reviewing the electronic 
medical records, data of only 771 patients who had dis-
continued MTX were included in this study, excluding 
those who were transferred to other hospitals or had 
temporary reasons for MTX discontinuation. In this 
study, we included patients with RA that discontinued 
MTX from our outpatient department between January 
2005 and October 2019 and investigated the reasons for 
the discontinuation. Reasons for MTX discontinuation 
included accompanying diseases that indicated the need 
for discontinuation, such as suspected cases of malig-
nancy or infection. In some cases, multiple reasons were 
identified based on the attending physician’s notes for 
MTX discontinuation in the medical records. Patients 
were not interviewed. Permanent MTX discontinuation 
was defined as failure to resume MTX during the obser-
vation period after discontinuation, while temporary 
MTX discontinuation excluded cases of MTX resump-
tion after childbirth or surgery for malignancy. Patients 
with an observation period ≥1 year after MTX discontin-
uation were included. However, patients who died within 
1 year of MTX discontinuation were also included in the 
study. In addition, data regarding sex, age at RA onset, 
time of MTX initiation, duration of MTX treatment, last 
MTX dose, laboratory data at the time of MTX discon-
tinuation, and outcomes were extracted from the medi-
cal records. MTX dosage in Japan was approved at 8 mg/
week in 1999 and a maximum dosage of 16 mg/week in 
2011 [13]. The C-OPERA study revealed that, in Japan, 
efficacy is often achieved at 12 mg/week [13]. Thus, MTX 
doses for patients with RA are lower in Japan than in 
other countries.

Statistical analysis
Descriptive statistical analysis was performed using 
Microsoft Excel 16.54 (Microsoft Corporation, Redmond, 
WA, USA). Additionally, differences between the reasons 
for discontinuation groups in the MTX treatment period 
(time from MTX initiation to discontinuation) were 
tested using the Kruskal-Wallis test. This analysis was 
performed using Prism 5.0 (Graph Pad Software, Inc., 
San Diego, CA, USA). The statistical significance was set 
at P≤0.05.

Results
Patient background
Among the 771 patients with RA who discontinued MTX, 
590 (76.5%) were female. The median age at the onset 
of RA was 58.0 (interquartile range [IQR]: 46.0–67.0) 
years. The overall observation period was 7.0 (3.5–13.5) 
years, and the observation period after MTX discon-
tinuation was 2.0 (0.5–4.4) years, including the period 
of patients who died after MTX discontinuation. Of the 
771 included patients, 59 (7.7%) died in the observation 
period. Of these, 28 (47.5%) died owing to the reason for 
MTX discontinuation, 20 of whom (71.4%) died within 1 
year of MTX discontinuation. The most common cause 
of death was malignancy (18 of 28 cases, 64.3%). The time 
from RA onset to initiation of MTX administration was 
0.8 (0–5.6) years, and 56.8% of the patients started MTX 
within 3 months of onset; the final dose of MTX was 6.0 
(4.0–8.0) mg/week, and the duration of MTX treatment 
was 3.0 (0.8–7.0) years.

Reasons for discontinuation of MTX in patients with RA
The reasons for MTX discontinuation in patients with 
RA are shown in Table 1. Pneumonia was classified as an 
infectious disease, and lymphoproliferative disease (LPD) 
was included in malignancies. The most common reasons 
for MTX discontinuation were (1) infectious diseases (n 
= 154, 20.0%), (2) malignancy (n = 109, 14.1%), and (3) 
respiratory problems (n = 79, 10.2%).

The details regarding infectious diseases (n=154) are as 
follows. Respiratory infections accounted for 104 (67.5%) 
cases, urinary tract infections for 11 (7.1%), skin infec-
tions for 10 (6.5%), sepsis for six (3.9%), and others for 

Table 1 Reasons for discontinuation of methotrexate in patients 
with rheumatoid arthritis

Total number = 771, multiple answers allowed
a Respiratory disease and symptoms were included as respiratory problems. 
Pneumonia was included as an infectious disease
b Lymphoproliferative disease was included as a malignancy

Reasons n (%) Reasons n (%)

Infectious diseases 154 (20.0) Improved with biologics 36 (4.7)

Malignancy 109 (14.1) Patient preference 33 (4.3)

Respiratory  problemsa 79 (10.2) Renal dysfunction 32 (4.2)

Liver dysfunction 62 (8.0) Older age 20 (2.6)

Gastrointestinal disease 51 (6.6) Heart failure, pleural 
effusion, oedema

19 (2.5)

Haematological  diseaseb 46 (6.0) Fever 12 (1.6)

Invalidity of methotrexate 44 (5.7) Poor compliance 12 (1.6)

Rheumatoid arthritis 
remission

43 (5.6) Surgery 6 (0.8)

Mucocutaneous disease 41 (5.3) Neurological disease 6 (0.8)

Wish for pregnancy 39 (5.1) Others 51 (6.5)
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23 (14.9%). Respiratory infections (n = 104) included 
pneumonia in 58 patients (55.8%), pneumocystis pneu-
monia in 17 (16.3%), nontuberculous mycobacteriosis 
in six (5.8%), and pyothorax in three (2.9%). In addition, 
MTX discontinuation because of upper respiratory tract 
inflammation or bronchitis was observed in 20 patients 
(19.2%), and six of the ten patients with skin infections 
had cellulitis. The recorded malignancies (n = 109) were 
LPD in 44 patients (40.4%), lung cancer in 16 (14.7%), 
stomach cancer in eight (7.3%), uterine cancer in six 
(5.5%), breast cancer in six (5.5%), colorectal cancer in 
five (4.6%), and others in 24 (22.0%).

Respiratory problems (n = 79) included interstitial 
pneumonia (n = 46, 58.2%), suspected MTX-associated 
pneumonia (n = 22, 27.8%), cough (n = 19, 24.1%), and 
other diseases (n = 13, 16.5%). Among the patients with 
interstitial pneumonia, 14 (30.4%) had organizing pneu-
monia. In this study, only nine patients received >15 
mg of MTX weekly and 24 received >12 mg of MTX 
weekly. In the latter group of patients, seven had infec-
tious diseases, and eight had malignancies, including four 
patients with LPD. Owing to the small number of cases, a 
comparison of reasons for MTX discontinuation between 
patients receiving high-dose MTX and those receiving 
low-dose MTX was not performed.

Liver dysfunction
MTX was discontinued owing to liver dysfunction in 
57 patients (7.4%). The median aspartate aminotrans-
ferase (AST) level was 70 (IQR 51–99) IU/L, and ala-
nine aminotransferase level was 103 (65.5–129) IU/L in 
55 patients, excluding two patients who had no avail-
able data owing to MTX discontinuation at other hospi-
tals. Excluding five patients with an unknown long-term 
course following MTX discontinuation, 29 (55.8%) of 
the remaining 52 patients had normalized liver function 
within 3 months of MTX discontinuation.

Abdominal sonography was performed in 30 patients, 
and fatty liver was found in 15 (50.0%). In addition to 
fatty liver, hepatitis C was diagnosed in three patients, 
autoimmune hepatitis in two, liver cirrhosis in one, liver 
cancer in one, liver metastasis in one, portal hyperten-
sion in one, alcohol consumption in three, and drug use 
in one; these were considered factors of liver damage, 
apart from MTX. Of the 30 patients who underwent 
abdominal sonography, the remaining two had no abnor-
mal findings. A comparison of liver function in patients 
with and those without fatty liver showed that AST was 
significantly lower in patients with fatty liver (62.9 [46.5–
77.5] IU/L vs. 115.1 [58.0–143.0]; P=0.0305). However, 
the two groups of patients could not be divided based on 
liver function test findings.

Renal dysfunction
Renal dysfunction was the cause of MTX discontinua-
tion in 32 patients (4.25%), and the estimated glomeru-
lar filtration rate was 33.5 (26.3–42.5) mL/min at the 
time of MTX discontinuation. In addition, three of the 
32 patients (9.4%) had pancytopenia caused by renal 
dysfunction.

Reasons for MTX discontinuation other than adverse 
events
Other reasons for MTX discontinuation (apart from 
adverse events) included patient preference, pregnancy 
plans, the invalidity of MTX use or the RA diagnosis, 
remission, and remission with biologics. Some patients 
discontinued MTX owing to their old age and poor com-
pliance. The age of the older patients at the time of MTX 
discontinuation was 81.0 (76.0–85.0) years.

Time to MTX discontinuation associated with the reason 
for MTX discontinuation
The duration of treatment until MTX discontinuation 
in patients with RA, according to the reason for MTX 
discontinuation, was analyzed (Fig.  1). Gastrointestinal 
disorders, mucosal skin disorders, and fever occurred 

Fig. 1 Time to methotrexate (MTX) discontinuation according to 
the reason for MTX discontinuation. Duration of treatment until MTX 
discontinuation in patients with RA according to the reason for MTX 
discontinuation. Results are shown in days (median with interquartile 
range) according to the reasons; the time to MTX discontinuation 
was found to vary in accordance with the reasons (P<0.0001). 
Gastrointestinal disorders, mucosal skin disorders, and fever occurred 
relatively early after MTX initiation, and MTX was discontinued. In 
contrast, patients who discontinued MTX because of malignancy, old 
age, or renal dysfunction tended to have longer durations of MTX 
therapy before discontinuation
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relatively early after MTX initiation, and MTX was 
immediately discontinued in such cases. In contrast, 
patients who discontinued MTX because of malignancy, 
old age, or renal dysfunction tended to have longer treat-
ment durations prior to discontinuation.

Discussion
Only a few studies have examined the reasons for MTX 
discontinuation [8, 10–12]; however, none of them have 
focused on reasons other than adverse events. In the pre-
sent study, the reasons for MTX discontinuation were 
diverse, and the most common reasons were the follow-
ing: (1) infectious diseases (including pneumonia), (2) 
malignancy, and (3) respiratory problems.

In this study, many patients discontinued MTX owing 
to infectious diseases and did not resume MTX treat-
ment after the infections were cured. In addition to 
severe infections, MTX was discontinued owing to upper 
respiratory tract infections. Patients with RA report-
edly have a higher incidence of infections than the gen-
eral population [14, 15]. Previous studies reveal that RA 
severity, corticosteroid use, and increased complica-
tions are associated with an increased risk of infection in 
patients with RA [16–18]. However, MTX has not been 
included as a risk factor for infectious diseases in RA 
[19]. Conversely, reports have suggested an association 
between low-dose MTX and opportunistic infections, as 
well as between MTX and various vaccines [20–24].

Whether continuing or halting MTX treatment at the 
onset of infection in patients with RA improves the out-
come of infection has not been adequately studied. The 
Japanese MTX Clinical Practice Guideline for the Treat-
ment of RA 2016 states that, in patients on long-term 
MTX therapy, MTX should be discontinued immedi-
ately upon onset of infection [13]. McLean-Tooke et  al. 
proposed discontinuing MTX therapy in patients with 
RA with infections and resuming MTX after the infec-
tion is cured [19]. However, there is no clear evidence or 
guideline regarding the timing of MTX resumption after 
recovery from infection [3, 4]. This is an important issue 
that should be considered in future research.

MTX should be discontinued immediately in cases of 
LPD [13]; however, the data in many reports are insuffi-
cient to fully assess the risk of MTX in malignancy [9, 25, 
26]. Furthermore, other than with LPD, there is no evi-
dence for MTX discontinuation owing to complications 
associated with malignancy. However, the present study 
found that many physicians discontinued MTX due to 
malignancies, which were also cited as a reason for the 
discontinuation of MTX in a previous study [8]. Accord-
ing to the Adverse Event Reporting System of the Food 
and Drug Administration, from the first quarter of 2004 
to the end of 2015, MTX was significantly associated 

with all malignancies except liver cancer [27]. Two stud-
ies reported an increased risk of lung cancer in patients 
with RA treated with MTX [28, 29]. Conversely, several 
reports have shown that, apart from drug-induced malig-
nancies, RA also increases the incidence of malignancies, 
especially LPD [30–32]. However, the American Col-
lege of Rheumatology (ACR) and Spanish guidelines do 
not address the treatment of RA at the onset of malig-
nancy [3, 33]. Canadian guidelines generally state that 
patients with RA with active malignancies should delay 
or refrain from treatment with conventional or biologic 
disease-modifying antirheumatic drugs while receiv-
ing chemotherapy or radiation therapy since immunity 
is compromised [34]. This study did not examine the 
malignancy status behind MTX discontinuation, but 
MTX discontinuation due to malignancy was based on 
the physician’s decision. This lack of evidence emphasises 
that issues of concern remain. The development and sub-
sequent course of malignancy are complicated by many 
factors, including the stage of malignancy, differences 
in treatment strategies, and variances in patient back-
ground. It is also important to determine who should 
screen for malignancy during MTX administration [35].

There is some evidence of MTX-induced fatty liver 
[36, 37], and its pathogenesis has been elucidated at the 
molecular level [38, 39]. The 2021 ACR guidelines recom-
mend that MTX be administered to patients with RA and 
non-alcoholic fatty liver disease when liver enzyme levels 
are normal [3]. Studies have investigated MTX-induced 
fatty liver in patients with RA [40, 41]; however, no stud-
ies have followed the long-term prognosis of fatty liver 
with MTX. In addition, there is no index to determine 
whether MTX treatment should be continued in RA 
complicated by fatty liver disease. However, if the liver 
damage is mild and fatty liver is present on abdominal 
sonography, it might be possible to follow up without dis-
continuing MTX.

In previous reports, the main reasons for MTX discon-
tinuation were adverse events, such as gastrointestinal 
symptoms and abnormal laboratory values [8, 10–12]. In 
addition, drug eruptions, gastrointestinal disorders, and 
abnormal laboratory data are acceptable reasons for dis-
continuing MTX. The present study revealed various rea-
sons other than adverse events that were associated with 
MTX discontinuation. Although old age is not a reason 
for discontinuing MTX, older patients are more likely to 
discontinue MTX early owing to decreased compliance 
[42], increased adverse events associated with decreased 
renal function [43], and susceptibility to infections owing 
to age-related decline in physiological function [44, 45].

It is controversial whether MTX or biologics should 
be discontinued when RA is relieved by the concomitant 
use of biologics [46]; however, in some cases, MTX was 
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discontinued in the present study. In addition, an article 
examining MTX reinduction showed that patients with 
high RA disease activity, older age, and comorbidities are 
less likely to resume MTX treatment; however, details 
regarding the comorbidities were not described [47].

This study had a few limitations, including that it was 
a single-centre, retrospective study. Hence, the analysis 
of the impact of combination therapy on MTX discon-
tinuation was insufficient, and institution-specific deci-
sions to discontinue MTX may have contributed to bias. 
Furthermore, the impact of concomitant therapies other 
than MTX was not studied. Finally, the overall number of 
patients with RA receiving MTX in the department was 
unknown in this study; hence, the frequency of cases in 
which MTX was discontinued was unknown.

Conclusions
In conclusion, this study revealed that the reasons for 
the discontinuation of MTX are diverse. The follow-
ing remaining challenges were determined in this study: 
(1) when MTX administration should be restarted after 
infections have subsided, (2) whether MTX administra-
tion should be discontinued when malignancy develops, 
and (3) management of fatty liver that develops owing to 
MTX administration. Resolving these problems of MTX 
discontinuation may convince more patients to recom-
mence MTX therapy. Hence, collecting and examin-
ing evidence from multiple institutions in the future is 
recommended.
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