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ABSTRACT

Aims: Methotrexate (MTX) is recommended as first-line therapy in patients with active
Rheumatoid Arthritis (RA) as monotherapy or in combination with other disease-modifying anti-rheumatic
drugs (DMARDs). Despite being considered a safe drug, some toxicities of MTX are inevitable and

Methodology:A cross sectional study was conducted at a tertiary care hospital from 1st January 2020 to
31st December 2020. 117 patients diagnosed with RA who had been undergoing methotrexate treatment
for at least six months as monotherapy or in combination with other DMARDs were included. Patient
demographics, disease and treatment characteristics, side effects, and blood and laboratory markers
specific to RA were studied with regards to methotrexate. Continuous variables were presented as mean
and standard deviation, while categorical variables were presented as frequency and percentage.
Association between categorical variables was done using Fisher exact test and chi square test.
Results:The study predominantly consisted of females (85.5%), and the mean age of patients was
47.92+13.398 years. Patient-reported side effects were reported in 47% of patients. Commonly reported
minor side effects were fatigue (17.1%), nausea (16.2%), anorexia (11.1%), stomatitis/oral ulcers
(10.3%), epigastric burning (8.5%), hair fall (3.4%), and vomiting in 0.9% of patients. Demographic and
clinical factors were not associated with side effects. There was no significant association between side
effects and type of treatment.

Conclusion:Use of methotrexate in combination with other DMARD:s is safe and should be encouraged
as first line treatment of RA on routine basis. However, periodic blood and laboratory monitoring along
with patient follow-ups are essential for early detection of toxicities))

[
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1. INTRODUCTION

Rheumatoid arthritis (RA) is one of the major systemic autoimmune diseases that affects humans
across the world, with a prevalence of 0.4% to 1.3% worldwide and 0.28% to 0.7% in India.(1,2) RA is
predominantly seen in females with a 2-3 times higher frequency than men and is characterized by
symmetric bilateral involvement of joints associated with pain and swelling. Although the initial disease is
associated with mild symptoms and fewer joint involvements, severity increases with the progression of
the disease, characterized by inflammation of multiple joints with extra articular symptoms. If untreated,
the inflammation of the synovial tissue can lead to permanent structural damage characterized by joint
destruction, bone erosion, eventually leading to long-term disability and impaired quality of life.(3)

Early diagnosis and treatment initiation within five months is paramount as it helps to substantially
reduce the progression of joint changes and prevents irreversible damage to the joints. Different drug
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classes such as corticosteroids, Non-Steroidal Anti- Inflammatory Drugs (NSAIDs), and Disease-
Modifying Anti Rheumatic Drugs (DMARDS), are being used to treat RA. In India, >75% of patients with
RA are prescribed DMARDs as the first line of treatment.(3) Among these, Methotrexate (MTX) is used as
the first-line therapy drug in RA patients around the world, unless otherwise contraindicated or not
tolerated by the patient4 . Initial treatment with either MTX or a combination of MTX and glucocorticoid
followed by sequential application of target therapies, including biologics, has shown significant
improvement in disease outcome.5

MTX, an anti-metabolite drug, is an analog of folic acid that interferes with dihydrofolate
reductase enzyme activity, thereby preventing the synthesis of nucleotide and purine metabolism. These
substances increase the production and release of adenosine, which is known to have anti-inflammatory
properties.(1) Although methotrexate benefits many RA patients and is widely used due to its perceived
efficacy, acceptable safety profile, and low cost, it is associated with side effects including. hair loss,
stomatitis, nausea, bone marrow toxicity, secondary infections, and hepatotoxicity.(6) The incidence of
side effects has resulted in uncertainties among physicians while prescribing MTX in RA patients.

Usage of methotrexate under the recommended optimal weekly dose of up to 25mg is generally
considered safe. While the safety profile of MTX under these circumstances:is generally considered good,
toxicities have been reported in the elderly population.(7) Studies determining the safety profile of MTX in
the Indian population especially in the regions of Karnataka are limited.<Hence, the present study was
carried out to determine the incidence of patient reported side effects of MTX in"RA patients in this part of
Karnataka.

2. MATERIAL AND METHODS

2.1 Study design

A [ross sectional study Wwas conducted from 1st January 2020 to 31st December 2020 on 117
Rheumatoid Arthritis patients attending the Rheumatology OPD for follow up or admitted at KLES, Dr.
Prabhakar Kore Hospital & MRC, Belagavi by universal sampling method. Ethical approved by the
Institutional Committee of Human Ethics (MDC/DOME/208). Informed written consent was obtained from
all the subjects included in the study. All'the subjects participating in the study were informed about the

risks and benefits of the study.and participant’s confidentiality was maintained.
All diagnosed cases of rheumatoid-arthritis as per ACR/EULAR Criteria 2010 (8) already on methotrexate
treatment at least for 6 months as monotherapy or in combination with other DMARDs and those willing to
participate in the study.were included. Patients with known hepatic and renal diseases, and known bone
marrow disorders-prigr to initiation of treatment were excluded from the study.

All the collected data was documented in a study proforma designed specific for the study. The following
data was collected:

« Patient.demographics including, age and sex

« Clinical characteristics including disease duration, disease activity (remission, low, moderate and high
activity);:RA factor and ACPA positivity.

« Treatment details including, DMARDs duration, type of treatment
(Monotherapy and combination therapy) MTX dose (212.5mg = optimal dose;

<12.5mg = suboptimal dose), MTX form (oral and subcutaneous).
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« Laboratory investigations including Complete Hemogram, Liver function tests and Serum Creatinine (as
and when required) were assessed to evaluate thepresence of anemia, leukopenia, thrombocytopenia,
hypoalbuminemia, elevatedtransaminases and creatinine

After collecting the demographic details, a detailed history was taken to documentpatient reported side
effects (6,9) including,

« Gl intolerance (Dyspepsia, Nausea, vomiting, Diarrhea, anorexia)

« Stomatitis, oral ulcers

* Hair fall

« Bone marrow toxicity like pancytopenia, anemia, leucopenia, thrombocytopenia
« Infections like Herpes

« Cough, shortness of breath and fever suggestive of Interstitial Pneumeonitis, pleuritis, pleural effusion,
interstitial fibrosis, non-cardiogenic pulmonary oedema

« Methotrexate Flu (Nausea, Myalgia, low grade fever, chills)

2.2 Statistical analysis

The obtained data was coded and entered into Microsoft Excel spreadsheet and then imported to
SPSS for statistical analysis. Continuous variables were presented as mean and standard deviation,
while the categorical variables were presented as frequency and percentage. Association between
categorical variables was done using Fisher ‘exact test and chi square test] ‘p’ value of <0.05 was
considered statistically significant.

3. RESULTS AND DISCWUSSION

In the current study, majority of the patients belonged to the age group of 41-60 years (n=57,
48.7%). While the youngest patient was aged 18 years, the oldest patient was 76 years with a mean age

of 47.92+13.398| of the total (Refer Table 1). Out of 117 patients, 101 (86.3%) were females, while 16 -

(13.7%) were males, making it a study with female predominance with a ratio of 6:1. (Refer Table 1)

Table 1..Patient. Demographics

Age (n=117), | Minimum | Maximum | (Mean+sp) |
18 76 47.92 +13.398

Gender Female Male
101 (86.300%) 16 (13.7%)

Table 2 represents the mean, minimum and maximum duration of illness, DMARDSs treatment
and methotrexate treatment for RA in the study population. Among the 117 patients, only Rheumatoid
factor was positive in 61 (52.1%) patients and only anti-citric-citrulinated peptide antibody was positive in
3 (2.6%) patients. Both Rheumatoid factor and anti-citric-citrulinated peptide antibody was present in 18
(15.4%) patients.Out of 117 patients, 57 (48.7%) patients were undergoing treatment with DMARDSs for a
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year or less, 28 (23.9) patients were undergoing treatment with DMARDs for >2 to 5 years. Duration of
DMARDs was >1 to 2 years and >5 years in 19 (16.2%) patients and 13 (11.1%) patients, respectively.

Table 2. Descriptive statistics of disease duration, DMARDs duration and methotrexate dose in
the study population

Diseaseduration

0.5 20 4,18 +4.29
(years)
DMARDsduration

0.5 15 2.61+2.79
(years)
Methotrexatedose

7.5 25 15.598 + 4.93
(mg/week)

Table 3 summarises the distribution of type of treatment received. 82 (70.1%) of patients received the
optimal dose (212.5mg) of methotrexate, while 35 (29.9%) of, patients received methotrexate in
suboptimal doses (<12.5mg). 104 (88.9%) of patients received MTX in oral form; while, 13 (11.1%) of
patients received subcutaneous MTX.

Disease activity was categorized based on the CDAI/DAS28CRP scores. Nearly half the
patients (n=58, 49.6%) had moderate disease activity followed by high activity in 40 (34.2%) patients,
remission in 10 (8.5%) patients and low disease activity in 9 (7.7%) patients.

Following MTX therapy;=. the blood parameters including anemia, leukopenia,
thrombocytopenia and transaminitis were evaluated in this study. Among the 117 patients, 75 (64.1%)
patients had anemia, 2 (1.7%) had leukopenia, 5 (4.3%) patients had thrombocytopenia and 16 (13.7%)
of patients had transaminitis..Out of 117 patients, hypoalbuminemia was observed in 17 (14.5%) of
patients; while, in 8 (6.8%) patients the creatinine levels were abnormal.

Table 3. Frequencydistributionoftypeoftreatmentreceivedbythepatients

MTXmonotherapy 2 1.7
CombinationofMTXandDMARDS

MTX+lewdosesteroid 8 6.8
MTX+HCQ 10 85
MTX+lewdosesteroid+HCQ 71 60.7
MTX+IOW(.10$ester0|d+HCQ+ 22 188
Leflunomide

MTX+lowdosesteroid+HCQ+ 3 26
Sulfasalazine '
MTX+HCQ+Leflunomide 1 0.9




| Total (n) | 117 100.0 |

In the study population, 55 (47%) patients reported side effects and 62 (53%) patients had no
reported side effects following MTX therapy. Frequency distribution of patient reported side effects is
summarized in Table 4.

No significant association was noted between incidence of side effects and age (p=0.774) as
analysed by Chi Square Test. There was no significant association between gender and patient reported
side effects (p=0.058) and between the duration of DMARDs therapy and side effects (p=0.079). No
significant association between MTX dose and reported side effects (p=0.321) was found as well as no
significant association was noted between the type of treatment and side effects (p=0.610).

There was no significant association between the form of MTX and incidence of Side effects
(p=0.600) nor between the disease activity and patient reported side effects (p=0.220).

Among 75 patients with anemia, 43 reported side effects and 32 patients had no'side effects.
The difference was statistically significant (p=0.003). Association between anemiasand MTX dose
(p=0.854), transaminases (p=0.886), leukopenia (p=0.180), thrombocytopenia " (p=0.428),
hypoalbuminemia (p=0.955) and creatinine (p=0.494) were not statistically significant. (Refer Table 5)

ReportedSideeffects Frequency Percent
(n=117) (%)
Epigastricburning 10 8.5
Vomiting 1 0.9
Nausea 19 16.2
Anorexia 13 111
Stomatitis/oralulcers 12 10.3
Hairfall 4 34
Fatigue 20 171
None 62 53

None of ‘the patients:with leukopenia reported side effects (p=0.109). Association between
leukopenia and .MTX dose »(p=0.231), transaminases (p=0.441), thrombocytopenia (p=0.675),
hypoalbuminemia (p=0:426)and creatinine (p=0.593) was not statistically significant.Only one patient with
thrombocytopenia reported side effects (p=0.199). Association between thrombocytopenia and MTX dose
(p=0.624), transaminases (p=0.134), hypoalbuminemia (p=0.734) and creatinine (p=0.395) were not
statistically significant. Among 16 patients with elevated transaminases levels, 7 patients reported side
effectsiand. 9 patients had no side effects. No statistically significant difference noted (p=0.778).
Association between thrombocytopenia and MTX dose (p=0.275), hypoalbuminemia (p=0.62) and
creatinine (p=0.374) were not statistically significant. Out of 17 patients with hypoalbuminemia, 8 patients
reported. side effects and 9 patients had no side effects. No statistically significant difference noted
(p=0.996). Association between hypoalbuminemia and MTX dose (p=0.961) and creatinine (p=0.418)
were not statistically significant.

Among 8 patients with elevated creatinine levels, 4 patients reported side effects (p=0.861).
Association between elevated creatinine levels and MTX dose (p=0.217) was not statistically significant.
Out of 117 patients, 10 patients had reported side effects only, 42 patients had deranged laboratory-
blood parameters only, 45 patients had both side effects and deranged laboratory-blood parameters. No
statistically significant association between the type of treatment and adverse treatment outcome was
noted (p=0.686). Similarly, difference between the dose of MTX and adverse treatment outcomes were
not significant (p= 0.725).
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Table 5. Associationofanemiawithpatientreportedsideeffects

Variable Anemia Chi pvalu
Present( Absent( Total(N= square | €
n=75) n=42) 117) value

PatientreportedSidee | Present 43 12 55 8.941 0.003

ffects (78.2%) | (21.8%) (100.0%)

Absent 32 30 62
(51.6%) (48.4%) (100.0%)
)

3.1 DISCUSSION

The global prevalence of RA ranges from 0.4 to 1.3% (1). The associated signs and symptoms
include fever, tiredness, malaise and weight loss, paralleled with joint tenderness, swelling, morning
stiffness (10). In rheumatoid arthritis, the potential for joint damage is present during the early phases of
disease. Therefore, early treatment that is effective in inhibiting the inflammatory and destructive
mechanisms has been recommended in recent times. Methotrexate,.as.monotherapy or in combination
with other DMARDSs, glucocorticoids or biologics, is the preferred:treatment.for most of the patients of

Mean age of the patients in the current study cohort was;47.92 years which is lower than the
mean age 55.6 years noted by Myasoedova et al.(11)/and higher than 41.72 reported by Mittal et al.(12)
Previous studies have suggested that RA diagnosis is higher:in.the sixth decade of life (1). In this study,
although 19.7% patients belonged to age group >60 years, majority patients (48.7%) belonged to the age
group of 41-60 years. According to Myasoedova et al.(11), women are affected 3-4 times that of men. In
their study, incidence of RA increased by 2.5% per year from 1995 to 2007 in women as compared to
men in whom there was a decrease in 0.5% incidence of RA per year. Similar female predominance

(85.5%) was noted in the study with a female to male ratio of 6:1[.] 77777777777777777777777777777777777777777777777777777777777777777777777777

Choice of treatment is related .to either patient preference or physician recommendation.(13)
According to Quach et al.,(10) only 30% RA patients reach a low disease activity with MTX monotherapy
with a dose of 20 mg/week; while the rest of them need additional medications for improvements. In a
study by Dubey et al.(14) systemie.corticosteroids (54.4%) were the commonly used additional DMARDs
followed by hydroxychloroquine (53.9%), NSAIDS (47.5%), sulfasalazine (20.1%) and leflunomide
(15.7%). In the study; the mean duration of DMARDSs treatment was 2.63 years; among 117 patients, only
1.7% of patients..received MTX monotherapy, while 98.3% patients received combination therapy
(different combinations of MTX, steroid, hydroxychloroquine and leflunomide)|

Studies have shown that the prevalence of side effects related to MTX toxicity ranges from 10-
40% (15-17).Patient reported side effects following MTX therapy in this study were comparatively higher
(47%). Frequency of patient reported side effects differs in different regions due to patient related and
physician related factors.(13) Literature enumerates the following toxicities associated with MTX
irrespective of clinical doses including hematologic, malignant, gastrointestinal, pulmonary, infectious,
mucocutaneous, renal, neuropsychiatric and musculoskeletal side effects.(9,16,18,19) Most common
symptoms in a study by Attar SM (20) (2010) were gastrointestinal upset (31%), central nervous system
symptoms (18.3%), abnormal liver function tests (14.1%), stomatitis (9.9%), alopecia (9.9%), macrocytic
red blood cells picture (7%), fever with no infection (4.2%), macular rash (4.2%) and pancytopenia

A 30% incidence of gastrointestinal side effects was reported by Shea et al (2014). Accumulation
of MTX for a prolonged period in the intestinal mucosal cells leads to sensitivity of the epithelium resulting
in gastrointestinal symptoms.(21) Similar to the literature, in this study, majority of symptoms were
gastrointestinal related including nausea (16.2%), anorexia (11.1%), epigastric burning (8.5%) and
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vomiting (0.9%). The gastrointestinal symptoms can be managed with drugs including H2 blockers,
antacids, folate supplementation. Incidence of fatigue (17.1%) was the next common side effect after
gastrointestinal side effects.

Pedrazas et al.(22) (2010) in their study showed that RA patients undergoing low dose MTX
therapy (78.6%) had higher relative risk (11.73; Cl: 2.57-58.98) of developing oral events than patients
using other combination of drugs (23.8%). Mucocutaneous changes are due to impairment of oral
mucosa and immunosuppression. Frequency of stomatitis/oral ulcers was relatively lower (10.3%) in the
study cohort. Although mild pulmonary side effects such as cough and dyspnea are common with MTX,
hypersensitivity pneumonitis is also reported by Conway et al. (2015).(23) Patients on MTX therapy are
prone to infection due to immunosuppressive nature of MTX.24 In the current study cohert, pulmonary
side effects were not experienced by any patients. Incidence of alopecia was comparatively lower (3.4%)
than previous reports with MTX therapy (10%), occurrence is which is troublesome especially in young
females which may hinder them from treatment continuation.(20)

Frequency of hematological side effects ranges from 1-25% and comptise:of mild leukopenia and
pancytopenia are common in elderly patients with baseline folate deficiency (15,25)."Myelotoxicity is
mainly due to increased serum MTX levels caused by delayed elimination, renal dysfunction, or
hypoalbuminemia secondary to inflammation or liver disease.(26) Pancytopenia-has also been seen after
accidental methotrexate overdose in patients with hypoalbuminemia. We observed anemia in 64.1%
patients, leukopenia in 1.7% patients, thrombocytopenia in 4.3% patients and hypoalbuminemia in 14.5%
patients. Higher frequency of anemia and hypoalbuminemia seen in the study could be related to
predefined anemia and hypoproteinemia present at baseline in many patients, making them more
vulnerable to MTX toxicity. Elevated transaminases were seen in 13.7% of patients in the study which is
in accordance with the results of Gilani et al.(16) (2012) that reported raised transaminases by 13% (twice
the normal ULR) in MTX therapy.

Previous studies have suggested high BMI, female gender, concomitant NSAIDs use,
gastrointestinal events prior to MTX therapy and creatinine clearance as the possible risk factors for
developing MTX toxicity.(20) Islam et al.(27) observed.a decreased rate of side effects in injectable form
than oral MTX. Although Edelman et al(28).and Dubey et al.(14) have reported age as a potential risk
factor for MTX toxicity, however the mechanism,.remains unknown. MTX toxicity related adverse effects is
one of the major reasons for treatment discontinuation in approximately 12% patients after mid-long term
therapy.(29) Gastrointestinal symptoms are higher with oral form leading to treatment switch from oral to
parenteral forms.(18) However, despite ‘treatment switch persistence of Gl symptoms are reported
Calasan et al (2013).(29) Compared to oral therapies with repeated dosages, Pulse dosage schedules of
MTX therapy induces lower and short duration blood levels, thus reducing toxicity.(16)

In accordance with reports by Hoekstra et al.(30), Dubey et al.(14), Drosos et al.(31), and Berkun
et al.(32), who reported no correlation between age, MTX dose and oral lesions, demographic and clinical
factors including age (p=0.774), gender (p=0.058), disease activity (p=0.220), duration of treatment
(p=0.079), MTX dose (p=0.321), type of treatment i.e. MTX monotherapy or in combination therapy with
other DMARDs (p=0.610), MTX form i.e. oral or subcutaneous (p=0.600) were not associated with side
effectsiin this study. Similarly, none of the blood and laboratory parameters were correlated with each
other and with, MTX dose and side effects (p>0.05) except for anemia (p=0.003) suggesting that the
abnormalities are not dose related and independent of the MTX dose, type of treatment and side effects.
Adverse outcome was further categorized as side effects only, deranged laboratory-blood parameters
only and those with both side effects and deranged lab-blood parameters. Nearly half of patients had both
side effects and deranged laboratory-blood parameters. However, type of treatment (p=0.686), dose of
MTX (p= 0.725) and adverse treatment outcome were not related to each other.

4. CONCLUSION

MTX is relatively safe drug. Despite the fact that almost all patients received MTX as a part of
combination therapy, the incidence of patient reported side effects was 47%. Apart from common



reported minor side effects such as fatigue (17.1%), nausea (16.2%), anorexia (11.1%), stomatitis/oral
ulcers (10.3%), epigastric burning (8.5%), hair fall (3.4%), and vomiting in 0.9% of patients, no serious or
life-threatening side effects were reported. In this study, 64.1% patients were anemic, 1.7% patients had
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(p=0.220), duration of treatment (p=0.079), MTX dose (p=0.321), type of treatment i.e. MTX monotherapy
or in combination therapy with other DMARDs (p=0.610), MTX form i.e. oral or subcutaneous (p=0.600)
were not associated with side effects. Similarly, no significant association between side effects and type
of treatment (p=0.686), a dose of MTX (p= 0.725) was observed. Hence, this study proposes.that this
group of study population tolerated methotrexate well without any life-threatening side-effects..Hence, use
of methotrexate in combination with other DMARDs is safe and should be encouraged as“first line
treatment of RA on routine basis.

5. LIMITATION OF THE STUDY
In this study, different patient reported symptoms based on routes of administration, dose of MTX

(suboptimal vs optimal) and different drug combinations was assessed to give a detailed understanding of
the causal relationship. Cross sectional nature of the study is one of the majorlimitations of the study.
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more robust results would be possible with larger sample and prospective study design. Therefore, further
prospective controlled trials with in depth laboratory investigations and regular monitoring of the patient
reported symptoms are warranted to validate the cross-sectional study. Along with demographic features
and pretreatment characteristics, genetic polymorphism has been implicated as a predictive factor for
MTX toxicity. Further research is warranted in this regard.

CONSENT (WHERE EVER APPLICABLE)

"All_authors declare that ‘written informed consent-was obtained from the patient (or other approved
parties) for publication of this original article. A.copy of the written consent is available for review by the
Editorial office/Chief Editor/Editorial Board members of this journal.”

ETHICAL APPROVAL (WHEREEVER APPLICABLE)

“All authors hereby declare that all experiments have been examined and approved by the appropriate
ethics committee and have therefore been performed in accordance with the ethical standards laid down
in the 1964 Declaration of Helsinki.”

REFERENCElS[ Comment [A22]: They could update the

""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""" [ references to the last years

1. Lin ¥-J, Anzaghe M, Schilke S. Update on the Pathomechanism, Diagnosis, and Treatment
Options for Rheumatoid Arthritis. Cells. 2020;9(4). doi:10.3390/cells9040880

2. Handa R, Rao URK, Lewis JFM, Rambhad G, Shiff S, Ghia CJ. Literature review of rheumatoid
arthritis in India. Int J Rheum Dis. 2016;19(5):440-451. doi:10.1111/1756-185X.12621

3. Thakur S, Riyaz B, Patil A, Kaur A, Kapoor B, Mishra V. Novel drug delivery systems for NSAIDs
in management of rheumatoid arthritis: An  overview. Biomed Pharmacother. 2018;106:1011-1023.
doi:10.1016/j.biopha.2018.07.027

4. Wasserman AM. Diagnosis and management of rheumatoid arthrits. Am Fam Physician.
2011;84(11):1245-1252.



5. Aletaha D, Smolen JS. Diagnosis and Management of Rheumatoid Arthritis: A Review. JAMA.
2018;320(13):1360-1372. doi:10.1001/jama.2018.13103

6. Kaltsonoudis E, Papagoras C, Drosos A. Current and future role of methotrexate in the
Therapeutic Armamentarium for Rheumatoid Arthritis. Int J Clin Rheumtol. 2012;7:179-189.
doi:10.2217/ijr.12.10

7. Hirshberg B, Muszkat M, Schlesinger O, Rubinow A. Safety of low dose methotrexate in elderly
patients with rheumatoid arthritis. Postgrad Med J. 2000;76(902):787-789. doi:10.1136/pm].76.902.787

8. Aletaha D, Neogi T, Silman AJ, et al. 2010 Rheumatoid arthritis classification:criteria: an
American College of Rheumatology/European League Against Rheumatism collaborative “initiative.
Arthritis Rheum. 2010;62(9):2569-2581. doi:10.1002/art.27584

9. Albrecht K, Miller-Ladner U. Side effects and management of side effects of methotrexate in
rheumatoid arthritis. Clin Exp Rheumatol. 2010;28(5 Suppl 61):S95-101.

10. Quach LT, Chang B-H, Brophy MT, SoeThwin S, Hannagan K;. O’Bell JR. Rheumatoid arthritis
triple therapy compared with etanercept: difference in infectious and gastrointestinal adverse events.
Rheumatology (Oxford). 2017;56(3):378-383. doi:10.1093/rheumatology/kew412

11. Myasoedova E, Crowson CS, Kremers HM, Therneau TM, Gabriel SE. Is the incidence of
rheumatoid arthritis rising?: results from Olmsted County, Minnesota; 1955-2007. Arthritis Rheum.
2010;62(6):1576-1582. doi:10.1002/art.27425

12. Mittal N, Mittal R, Sharma A, Jose V, Wanchu A;zSingh S. Treatment failure with disease-
modifying antirheumatic drugs in rheumatoid arthritis patients. Singapore Med J. 2012;53(8):532-536.

13. Sun J, Dai S, Zhang L, Feng Y, Yu:X, Zhang Z. Investigating the safety and compliance of using
csDMARDs in rheumatoid arthritis treatment through:face-to-face interviews: a cross-sectional study in
China. Clin Rheumatol. 2021;40(5):1789:1798. doi:10.1007/s10067-020-05458-w

14. Dubey L, Chatterjee S, Ghosh A. Hepatic and hematological adverse effects of long-term low-
dose methotrexate therapy.-in rheumatoid arthritis: An observational study. Indian J Pharmacol.
2016;48(5):591-594. doi:10.4103/0253-7613.190761

15. Salliot C, van der Heijde D. Long-term safety of methotrexate monotherapy in patients with
rheumatoid  arthritis;. a< systematic literature research. Ann Rheum Dis. 2009;68(7):1100-1104.
doi:10.1136/ard.2008.093690

16. Gilani, STA, Khan DA, Khan FA, Ahmed M. Adverse effects of low dose methotrexate in
rheumatoid arthritis patients. J Coll Physicians Surg Pak. 2012;22(2):101-104.

17. Zargar M, Razi T, Barati M. Comparision of single and multidose of methotrexate in medical
treatment of ectopic pregnancy. Pakistan J Med Sci. 2008;24.

18. Visser K, van derHeijde DMFM. Risk and management of liver toxicity during methotrexate
treatment in rheumatoid and psoriatic arthritis: a systematic review of the literature. Clin Exp Rheumatol.
2009;27(6):1017-1025.

19. Yazici Y, Sokka T, Kautiainen H, Swearingen C, Kulman |, Pincus T. Long term safety of
methotrexate in routine clinical care: discontinuation is unusual and rarely the result of laboratory
abnormalities. Ann Rheum Dis. 2005;64(2):207-211. doi:10.1136/ard.2004.023408



20. Attar SM. Adverse effects of low dose methotrexate in rheumatoid arthritis patients. A hospital-
based study. Saudi Med J. 2010;31(8):909-915.

21. Kremer JM. Toward a better understanding of methotrexate. Arthritis Rheum. 2004;50(5):1370-
1382. doi:10.1002/art.20278

22. Pedrazas CHS, Azevedo MNL de, Torres SR. Oral events related to low-dose methotrexate in
rheumatoid  arthritis  patients. Braz Oral Res. 2010;24(3):368-373.  do0i:10.1590/s1806-
83242010000300018

23. Conway R, Low C, Coughlan RJ, O’Donnell MJ, Carey JJ. Methotrexate use and:risk of lung
disease in psoriasis, psoriatic arthritis, and inflammatory bowel disease: systematic literature review and
meta-analysis of randomised controlled trials. BMJ. 2015;350:h1269. doi:10.1136/bmj.h1269

24. Solomon DH, Glynn RJ, Karlson EW, et al. Adverse Effects of Low-Dose Methotrexate: A
Randomized Trial. Ann Intern Med. 2020;172(6):369-380. doi:10.7326/M19-3369

25. Franck H, Rau R, Herborn G. Thrombocytopenia in patients with.-rheumateid arthritis on long-term
treatment with low dose methotrexate. Clin Rheumatol. 1996;15(2):163-167. doi:10,1007/BF02230334

26. Ajmani S, Preet Singh Y, Prasad S, et al. Methotrexate-induced. pancytopenia: a case series of
46 patients. Int J Rheum Dis. 2017;20(7):846-851. doi:10.1111/1756-185X.13004

27. Islam MS, Haq SA, Islam MN, et al. Comparative efficacy of subcutaneous versus oral
methotrexate in active rheumatoid arthritis. Mymensingh Med J. 2013;22(3):483-488.

28. Edelman J, Russell AS, Biggs DF, Rothwell RS, Coates J. Methotrexate levels, a guide to
therapy? Clin Exp Rheumatol. 1983;1(2):153-156.

29. Calasan MB, van den Bosch OFC, Creemers MCW, et al. Prevalence of methotrexate intolerance
in rheumatoid arthritis and psoriatic arthritis. Arthritis'Res Ther. 2013;15(6):R217. doi:10.1186/ar4413

30. Hoekstra M, van Ede AE, Haagsma CJ, et al. Factors associated with toxicity, final dose, and
efficacy of methotrexate in _patients with rheumatoid arthritis. Ann Rheum Dis. 2003;62(5):423-426.
doi:10.1136/ard.62.5.423

31. Drosos A. Methotrexate intolerance in elderly patients with rheumatoid arthritis: what are the
alternatives? Drugs Aging.2003;20(10):723-736. doi:10.2165/00002512-200320100-00002

32. Berkun Y, Levartovsky D, Rubinow A, et al. Methotrexate related adverse effects in patients with
rheumatoid arthritis are associated with the A1298C polymorphism of the MTHFR gene. Ann Rheum Dis.
2004;63(10):1227-1231. doi:10.1136/ard.2003.016337



