L4
15 March 2026, Preprint v1 - CC-BY 4.0 Qelos PREPRINT

Review Article

Off-Label Uses of Methotrexate
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Methotrexate (MTX), originally developed as a chemotherapeutic agent, has evolved into a versatile
immunomodulatory drug with extensive off-label applications across multiple medical specialties.
This study synthesizes evidence of the use of Methotrexate in dermatology, gastroenterology,
obstetrics and gynecology, rheumatology, ophthalmology, hematology, and emerging applications in
infectious diseases and cardiovascular medicine. The evidence base reveals that while MTX
demonstrates efficacy in numerous off-label indications. Dermatological applications are supported
by low-quality evidence across 31 conditions, while obstetric uses for ectopic pregnancy show 91%
efficacy in appropriate clinical scenarios. Gastroenterological applications in Crohn's disease are well-
established, though evidence for ulcerative colitis remains limited. Emerging applications in COVID-19
treatment and cardiovascular risk reduction represent promising areas requiring further
investigation. Safety profiles are generally acceptable at low doses, though monitoring for

hepatotoxicity, hematologic abnormalities, and pulmonary complications remains essential.
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1. Introduction

Methotrexate (MTX) represents an example of successful drug repurposing, having transitioned from its
original indication as an antineoplastic agent to become a cornerstone therapy in numerous
inflammatory and autoimmune conditions. While MTX is approved for specific indications including
rheumatoid arthritis, psoriasis, and certain malignancies, its immunomodulatory and anti-inflammatory
properties have led to widespread off-label use across diverse medical specialties L. Off-label prescribing,
defined as the use of an authorized drug for indications not described in the Summary of Product
Characteristics, is legally permissible when physicians can justify treatment based on available scientific

evidence 2L
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The expanding scope of MTX applications reflects both its unique pharmacological profile and the
clinical need for effective, cost-accessible therapies for inflammatory conditions. However, the evidence
supporting many off-label uses varies considerably in quality and quantity, raising important questions
about optimal prescribing practices, dosing strategies, and safety monitoring.

Methotrexate exerts its therapeutic effects through multiple interconnected mechanisms that extend
beyond its classical role as a dihydrofolate reductase inhibitor. At the low doses typically employed in

inflammatory conditions (525 mg weekly), MTX demonstrates immunomodulatory activity through

adenosine signalling modulation, alteration of cytokine networks, generation of reactive oxygen species,

and suppression of the HMGBI1 alarmin Bl These anti-inflammatory mechanisms are distinct from the

antiproliferative effects observed at higher chemotherapeutic doses.

The drug's antiatherogenic properties include improved endothelial function, slower atherosclerosis
progression, and decreased risk of major cardiovascular adverse events, positioning MTX as a potential
therapeutic agent for cardiovascular risk reduction in inflammatory diseases . Additionally, MTX
exhibits antiangiogenic effects through inhibition of macrophage invasion during early angiogenesis and
suppression of endothelial cell proliferation, which has implications for ophthalmological and
oncological applications 5l

The pharmacokinetics of MTX vary significantly based on route of administration, with parenteral
(intramuscular or subcutaneous) formulations demonstrating superior bioavailability compared to oral

administration, particularly at doses exceeding 15 mg weekly [l This pharmacokinetic variability has

important implications for clinical efficacy across different indications.

2. Off-Label Indications

2.1. Dermatological Applications

Dermatology represents one of the most extensively studied areas for off-label MTX use, though
paradoxically, the evidence quality remains suboptimal. A comprehensive systematic review employing
the GRADE methodology evaluated MTX efficacy across 31 dermatological diseases, analyzing 143 studies
involving 3,688 patients [2), The review concluded that evidence for effectiveness, efficacy, and safety was

uniform across all examined conditions.
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Atopic Dermatitis

Atopic dermatitis represents a particularly well-studied off-label indication, with five randomized
controlled trials demonstrating MTX efficacy in improving disease signs and symptoms despite
considerable heterogeneity in dosing regimens [Z. Starting doses ranged from 7.5-15 mg weekly in adults,
with maintenance doses of 14.5-25 mg weekly. Pediatric dosing followed weight-based or body surface

area-based protocols, with starting doses of 10-15 mg/m?*week and maintenance doses of 0.2-0.7

mg/kg/week (D), The lack of consensus on optimal dosing regimens represents a significant barrier to

standardized clinical practice.

2.2. Obstetric and Gynecological Applications

Ectopic Pregnancy

Methotrexate has become a standard medical management option for ectopic pregnancy, despite its off-
label status for this indication. The drug is administered systemically or locally, sometimes in

combination with potassium chloride, to terminate ectopic pregnancies and avoid aggressive surgical
interventions 18l Efficacy varies by anatomical location and clinical parameters.

For cervical ectopic pregnancies, systemic MTX demonstrates 91% efficacy, with superior outcomes
observed in pregnancies less than 9 weeks gestation and with human chorionic gonadotropin (hCG)
levels below 10,000 mIU/mL [&l. For cesarean scar pregnancies, systemic MTX is indicated primarily for
non-viable cases, particularly when hCG levels are below 5,000 mIU/mL 8L

Multiple clinical guidelines have been developed to standardize MTX use in ectopic pregnancy. The
French National College of Gynecologists and Obstetricians (CNGOF) has published comprehensive
guidelines addressing evidence-based evaluation and expert recommendations for off-label MTX use in
gynecology and obstetrics Bl These guidelines provide detailed protocols for patient selection, dosing
regimens, and monitoring strategies.

A pharmacovigilance study based on the China Hospital Pharmacovigilance System evaluated safety in
672 patients receiving MTX for ectopic pregnancy 01 The total incidence of adverse drug reactions was
54.0%, with anemia (37.6%), hepatic function abnormalities (11.3%), and hyperuricemia (6.1%) being most

frequent 19, Importantly, 86.3% of adverse events were CTCAE grade one (mild), 12.1% were grade two
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(moderate), and only 1.6% were grade three (severe) Il Two-dose exposure significantly increased the
risk of adverse events (OR 1.87), hepatic dysfunction (OR 2.75), and dyslipidemia (OR 5.15) [10]

Absolute contraindications for MTX in ectopic pregnancy include unknown pregnancy location, peptic
ulcer disease, intrauterine pregnancy, MTX sensitivity, breastfeeding, suspected tubal rupture, and

immunodeficiency [8l,

Placenta Accreta Spectrum

The use of MTX in placenta accreta spectrum (PAS) disorders represents a more controversial application.
A narrative review assessed MTX efficacy in treating PAS based on pregnancy trimester, noting limited

consensus regarding safety or effectiveness [12), The review investigated fertility-preserving alternatives,
though specific quantitative efficacy data remain sparse. This application requires careful risk-benefit

assessment and should be considered investigational pending higher-quality evidence.

2.3. Gastroenterological Applications

Crohn's Disease

Methotrexate has established efficacy in Crohn's disease (CD), supported by well-designed randomized
controlled trials. The landmark North American Crohn's Study Group trial demonstrated that 39.4% of
patients receiving MTX 25 mg intramuscularly weekly achieved clinical remission (CDAI <150) with
prednisone discontinuation, compared to 19.1% in the placebo group at 16 weeks [l For maintenance
therapy, MTX 15 mg intramuscularly weekly maintained steroid-free remission in 65% of patients versus

39% with placebo at 40 weeks an

A systematic review stratifying MTX outcomes by clinical indication found that high-quality evidence
supports MTX use only in steroid-dependent CD, with efficacy comparable to thiopurines 31 Evidence
for other indications—including steroid-refractory disease, thiopurine failure, combination therapy with

biologics, fistulizing disease, mucosal healing, and postoperative prevention—derives primarily from
small, uncontrolled series 13l Parenteral MTX at higher doses (25 mg weekly) during induction

demonstrated superior performance across most indications 131,

geios.com doi.org/10.32388/QWZNDA


https://www.qeios.com/
https://doi.org/10.32388/QWZNDA

Ulcerative Colitis

Evidence for MTX efficacy in ulcerative colitis (UC) remains limited and controversial. While MTX has
proven effective in steroid-dependent CD, therapeutic options for steroid-dependent UC are currently
restricted to azathioprine/6-mercaptopurine and infliximab Xl A systematic review exploring MTX
efficacy in UC patients found insufficient evidence to support routine use (2Ll The limited efficacy in UC
compared to CD may reflect differences in disease pathophysiology or inadequate investigation of

optimal dosing and administration protocols.

Methotrexate is positioned as a second-line immunomodulating therapy in inflammatory bowel disease,
typically reserved for patients intolerant or resistant to azathioprine or 6-mercaptopurine (affecting
approximately 27-50% of refractory CD patients) . The slow onset of clinical efficacy associated with
purine analogues has prompted investigation of MTX as an alternative, though its role remains

secondary to first-line agents and biologics in current treatment algorithms 14!,

2.4. Rheumatological and Autoimmune Applications

Systemic Lupus Erythematosus

The role of MTX in systemic lupus erythematosus (SLE) remains incompletely defined, with conflicting
evidence from clinical trials. Twenty uncontrolled case series and one retrospective cohort study support
MTX use for active skin and joint disease in SLE 051 However, three prospective randomized trials
reported conflicting results: two demonstrated improvement in overall disease activity and decreased

corticosteroid requirements, while the third showed no benefit for disease activity but did report

corticosteroid-sparing effects 2. These inconsistencies reflect the inherent challenges in conducting
trials in moderately active SLE, including disease heterogeneity, variable outcome measures, and

difficulties in patient stratification (121,

Viral Arthritis

Methotrexate has been investigated for chronic viral arthritis associated with alphaviruses, Parvovirus
B19, hepatitis B/C virus, and human immunodeficiency virus Bl These rheumatic syndromes often
resemble rheumatoid arthritis clinically. MTX demonstrates effectiveness and good tolerability in these
conditions, with efficacy mediated through adenosine signaling modulation, cytokine network

alteration, reactive oxygen species generation, and HMGBI alarmin suppression Bl However, safety
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concerns exist regarding potential attenuation of immune surveillance capacities in patients with

chronic viral infections BL

2.5. Ophthalmological Applications

Thyroid Eye Disease

A retrospective comparative case series of 36 patients evaluated MTX for active thyroid eye disease (TED)
in patients unable to tolerate corticosteroids 16l MTX significantly improved Clinical Activity Scores (7-
CAS) with 94% of patients showing reduction at 12 months (P < 0.0001) 121 ocular motility disturbances
improved in 67% of affected patients (P < 0.001) [2. However, MTX showed no significant improvement

in visual acuity, exophthalmos (mean 24 mm, SD 3 mm), or eyelid position (mean 6 mm, SD 1.5 mm) 121
Notably, no side effects were registered, indicating good tolerability and confirming glucocorticoid-

sparing effects f6],

Corneal Angiogenesis

Topical MTX application has been investigated for inhibition of corneal angiogenesis in experimental
models. In a rabbit corneal pocket model with fibroblast growth factor-induced neovascularization,
topical MTX (0.2 mg/day) reduced vascularized area from 12.0+6.9 mm? in controls to 2.2+1.86 mm? in
treated eyes by day 9 [2l. Therapeutic levels were achieved in aqueous humor without detectable serum
levels, and no local side effects such as epithelial defects were observed [l The antiangiogenic
mechanism likely involves inhibition of macrophage invasion during early angiogenesis and endothelial
cell proliferation Bl These findings suggest potential applications for topical MTX in anterior segment

inflammations, though clinical translation requires further investigation.

Ocular Surface Disease

A recent two-part study combining in vitro toxicity assessment and in vivo clinical evaluation
investigated topical MTX for recalcitrant ocular surface disease, specifically inflammatory dry eye
disease 71, While the study aimed to determine safety and therapeutic potential, specific quantitative
efficacy and safety data were not detailed in available abstracts, indicating this remains an area of active

investigation.
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2.6. Hematological Applications

Large Granular Lymphocyte Leukemia

Low-dose oral MTX has demonstrated efficacy in treating large granular lymphocyte (LGL) leukemia, a
T-cell malignancy 081 I a small series, three of five patients achieving complete clinical remission

showed undetectable abnormal T-cell receptor gene rearrangement clones 081 This application
represents an important therapeutic option for a rare hematological malignancy with limited treatment

alternatives.

Idiopathic Granulomatous Hepatitis

A case series of seven patients evaluated low-dose oral pulse MTX therapy for idiopathic granulomatous
hepatitis in patients who had complications from, did not respond to, or refused alternative
treatments 121 Patients were counseled to promptly report respiratory symptoms (cough or shortness of
breath), practice contraception, and avoid alcohol 91 while specific quantitative outcomes were not
detailed in available abstracts, this application demonstrates MTX utility in rare hepatic inflammatory

conditions.

2.7. Emerging Applications

COVID-19 Treatment

An innovative bioinformatics approach combined with hamster model validation identified MTX as a
potential repurposed drug for COVID-19 treatment (20 The computational analysis predicted 327

therapeutic targets and 21,233 drug-target interactions for 1,592 FDA-approved drugs 3, Experimental

validation demonstrated that MTX potently inhibited SARS-CoV-2 replication with an EC50 of 0.4 pM and

showed activity against all four variants of concern 291,

In the hamster model (n=12, divided into 4 groups of 3), MTX reduced virus replication and inflammation
in lungs, improved body weight loss, and decreased total inflammation area by approximately 30% (20],
The drug demonstrated favorable selectivity with a cytotoxicity CC50 greater than 100 nM, yielding a
selectivity index of approximately 250 (29, These preclinical findings are promising, though clinical

translation requires careful evaluation in patients with comorbidities and consideration of

immunosuppressive effects during active infection.
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Cardiovascular Risk Management

Methotrexate has emerged as a candidate for cardiovascular risk reduction in patients with inflammatory
diseases. Approximately 20% of patients with atherosclerotic cardiovascular disease experience recurrent
events despite maximal pharmacological treatment, highlighting residual cardiovascular risk 2, MTX's
unique combination of anti-inflammatory, blood pressure-lowering, and vasculoprotective effects

positions it as a potential repurposed therapy for cardiovascular risk management (21,

Clinical trials have demonstrated that MTX is associated with improved endothelial function, slower
atherosclerosis progression, decreased risk of major cardiovascular adverse events, and survival
benefits 4. These cardiovascular effects are mediated through antiproliferative, immunosuppressive,
anti-inflammatory, and antiatherogenic mechanisms 141, While pending results from large prospective
studies investigating surrogate endpoints and clinical outcomes, MTX repurposing for cardiovascular
risk management represents a potentially cost-effective strategy with immediate public health

benefits [21],

Urticarial Vasculitis

A case report documented complete resolution of urticarial vasculitis with low-dose oral MTX in a patient
unresponsive to all treatments except systemic corticosteroids (22 The MTX therapy enabled
corticosteroid withdrawal, demonstrating a steroid-sparing effect 22, Low-dose MTX appears to carry

an acceptable safety profile for this indication, though evidence is limited to case reports (221,

3. Dosing Regimens and Routes of Administration

Route-Dependent Efficacy

The route of MTX administration critically influences clinical efficacy, particularly in gastroenterological

applications. Parenteral (intramuscular or subcutaneous) administration demonstrates superior efficacy
compared to oral administration, especially at doses exceeding 15 mg weekly 6l [ This difference
reflects the saturable intestinal absorption of oral MTX, which limits bioavailability at higher doses.

In Crohn's disease, intramuscular MTX 25 mg weekly achieved 39.4% remission versus 19.1% placebo,
while oral MTX at lower doses failed to demonstrate significant efficacy [ For maintenance therapy,

intramuscular MTX 15 mg weekly maintained remission in 65% versus 39% placebo [l These findings
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underscore the importance of parenteral administration for optimal outcomes in inflammatory bowel

disease.

Dosing

Dermatology: Adult starting doses range from 5-15 mg weekly, with maintenance doses of 7.5-25 mg
weekly (2. pediatric dosing employs body surface area-based protocols: starting doses of 10-15
mg/m?*week, maintenance doses of 0.2-0.7 mg/kg/week [7), Approximately half of guidelines recommend

folic acid supplementation, and some suggest test dosing (7,

Obstetrics: Dosing for ectopic pregnancy varies by protocol (single-dose, two-dose, or multi-dose
regimens) and is guided by hCG levels, gestational age, and anatomical location ()8, Two-dose exposure

increases adverse event risk (OR 1.87) (201,

Gastroenterology: Induction therapy for Crohn's disease typically employs 25 mg intramuscularly
weekly, with maintenance at 15 mg intramuscularly weekly (B1 fm/26/3. Higher doses (25 mg weekly)

during induction show superior performance across most indications 1,

Rheumatology: Low-dose protocols (typically 7.5-25 mg weekly) are standard for autoimmune

conditions, with dosing individualized based on disease activity and tolerability '2/'=2! .

Ophthalmology: Topical application for corneal angiogenesis employed 0.2 mg/day (3], Systemic dosing

for thyroid eye disease followed standard low-dose protocols 261,

Folic Acid Supplementation

Folic acid supplementation is recommended by approximately half of dermatology guidelines to mitigate
MTX-related folate depletion and reduce adverse events [Zl. This practice is widely adopted across
specialties, though specific supplementation protocols vary. Standard recommendations typically include

folic acid 1-5 mg daily or folinic acid (leucovorin) for rescue in cases of toxicity.

4.Safety

Common Adverse Events

The adverse event profile of low-dose MTX is well-characterized across multiple specialties:
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Hematological: Anemia (37.6% in ectopic pregnancy cohort) [0 bone marrow suppression (dose-

dependent)

Hepatic: Hepatic function abnormalities (11.3% in ectopic pregnancy cohort) 19 transaminase

elevations, rare hepatic fibrosis with chronic use

Metabolic: Hyperuricemia (6.1% in ectopic pregnancy cohort) 01 dyslipidemia (increased risk with two-

dose exposure, OR 5.15) (111
Gastrointestinal: Nausea, mucositis, diarrhea (common but usually mild)

Pulmonary: Pneumonitis (rare but potentially serious), requiring prompt recognition and MTX

discontinuation 191

Dermatological: Rash, photosensitivity, alopecia

Absolute Contraindications

Contraindications vary by indication but generally include:

Universal contraindications: Pregnancy (teratogenic), breastfeeding, severe hepatic or renal impairment,

bone marrow hypoplasia, immunodeficiency, active infection, hypersensitivity to MTX

Indication-specific contraindications for ectopic pregnancy: Unknown pregnancy location, peptic ulcer

disease, intrauterine pregnancy, suspected tubal rupture 8

Monitoring Protocols

Comprehensive monitoring is essential for safe MTX use. Complete blood count, comprehensive
metabolic panel including liver and renal function, hepatitis B and C screening, chest radiograph (if

pulmonary symptoms) should be done for baseline assessment.

Patients on long term use should be prescribed complete blood count and liver function tests every 2-4

weeks initially, then every 8-12 weeks once stable; renal function monitoring every 8-12 weeks

Prompt reporting of respiratory symptoms (cough, shortness of breath) [E], avoidance of alcohol [E],

contraception requirements [1—9], recognition of infection symptoms should be part of communication and

patient counselling.
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5. Discussion

This review reveals a complex landscape of off-label MTX use characterized by widespread clinical
adoption. Several key themes emerge from the synthesis of available evidence. Despite MTX being
commonly prescribed for various dermatological conditions, a comprehensive systematic review found
uniformly low-quality evidence across all indications [2. This paradox reflects the historical evolution of
MTX use based on clinical experience and case series rather than rigorous controlled trials. The situation
is further complicated by the ethical and practical challenges of conducting placebo-controlled trials for

conditions where MTX has become standard practice.

The critical importance of route of administration and dosing represents a consistent theme across

specialties. The failure of oral MTX trials in Crohn's disease contrasted with the success of parenteral

administration highlights the need for route-specific evidence evaluation [ Similarly, the wide

variation in dosing regimens for atopic dermatitis (starting doses 5-15 mg weekly, maintenance 7.5-25 mg

weekly) reflects the absence of dose-optimization studies [,

One benefit is MTX's consistent steroid-sparing effect. This property is documented in Crohn's

urticarial vasculitis 22 and

) )

disease U systemic lupus erythematosus 121 thyroid eye disease 116l
various dermatological conditions [21. Given the well-established adverse effects of chronic corticosteroid
therapy, MTX's ability to reduce or eliminate steroid requirements represents a significant clinical benefit

even in situations where direct disease-modifying effects are modest.

The high efficacy in ectopic pregnancy (91% for cervical ectopic) &l likely reflects the drug's
antiproliferative effects on rapidly dividing trophoblastic tissue. The differential efficacy in Crohn's

disease versus ulcerative colitis [l may indicate distinct immunopathogenic mechanisms.
Understanding these specialty-specific patterns could inform patient selection and guide investigation of

novel indications.

The investigation of MTX for COVID-19 treatment 201 and cardiovascular risk
reduction [21l [4l exemplifies the ongoing potential for drug repurposing based on mechanistic insights.
The bioinformatics approach that identified MTX as a SARS-CoV-2 inhibitor represents a modern
methodology for systematic drug repurposing (201, Similarly, the recognition of MTX's cardiovascular

benefits emerged from observational studies in rheumatoid arthritis patients, leading to hypothesis-
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driven investigation of cardiovascular applications [4 These examples demonstrate how real-world

evidence can identify novel therapeutic applications.

6. Conclusion

Methotrexate exemplifies successful drug repurposing, with extensive off-label applications across
multiple medical specialties driven by its unique immunomodulatory and anti-inflammatory properties.
High-quality evidence supports MTX use in ectopic pregnancy (91% efficacy for cervical ectopic
pregnancies) and steroid-dependent Crohn's disease (39.4% remission rate, 65% maintenance of steroid-
free remission), while dermatological applications, despite involving 31 conditions and 3,688 patients

across 143 studies, are supported only by low-quality evidence.

The consistent steroid-sparing effects observed across specialties—including Crohn's disease, systemic
lupus erythematosus, thyroid eye disease, and various dermatological conditions—represent a significant
clinical benefit given the well-established adverse effects of chronic corticosteroid therapy. Route of
administration critically influences efficacy, with parenteral formulations demonstrating superior
outcomes compared to oral administration, particularly at higher doses. Dosing regimens vary

substantially across and within specialties, reflecting the paucity of dose-optimization studies.

The safety profile of low-dose MTX is generally acceptable, with predominantly mild-to-moderate
adverse events including anemia (37.6%), hepatic dysfunction (11.3%), and hyperuricemia (6.1%) in
obstetric applications. Comprehensive monitoring protocols including baseline assessment and ongoing
surveillance of hematological, hepatic, and renal function are essential for safe use. Absolute
contraindications include pregnancy, breastfeeding, severe organ impairment, and immunodeficiency,

with indication-specific contraindications for ectopic pregnancy.

Emerging applications in COVID-19 treatment and cardiovascular risk reduction represent promising
areas for future investigation. Preclinical data demonstrate potent SARS-CoV-2 inhibition (EC50 0.4 nM)
with approximately 30% reduction in lung inflammation in hamster models. Cardiovascular applications
are supported by mechanistic rationale and observational data showing improved endothelial function,
slower atherosclerosis progression, and reduced major adverse cardiovascular events, though large

prospective trials are pending.

The evidence synthesis presented in this review provides a comprehensive foundation for evidence-

based off-label MTX prescribing while highlighting the urgent need for methodologically rigorous
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research to optimize clinical practice. As MTX continues to demonstrate utility across diverse indications,
the medical community must balance pragmatic clinical use informed by decades of experience with the
imperative to generate high-quality evidence supporting standardized, safe, and effective treatment
protocols. The future of off-label MTX use lies in translating real-world experience into rigorously
evaluated, guideline-supported clinical practice that maximizes therapeutic benefits while minimizing

risks across diverse patient populations and clinical contexts.
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