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Abstract

Methotrexate is an immunosuppressive agent used for the management of ocular inflammatory diseases and
rheumatic diseases. Despite its use for ocular inflammation, including uveitis, since 1965, the exact efficacy of
methotrexate has not been confirmed by a randomized clinical trial thus far. Our review of previous data of treatment
outcomes suggested that methotrexate is moderately effective in suppressing ocular inflammation and decreasing
corticosteroid use. In addition, methotrexate is relatively safe and well tolerated by most patients and is the most
widely used immunosuppressive drug for the treatment of uveitis in children. In addition to systemic administration of
the drug, intraocular administration of methotrexate can be a promising treatment option for uveitis.

Keywords: Methotrexate; Ocular inflammation; Uveitis; Immuno-
suppressive; Inmunomodulatory; Rheumatic disease; Rheumatoid ar-
thritis

Abbreviations: MTX: Methotrexate; DHFR: Dihydrofolate
Reductase; AICAR: 5-aminoimidazole-4-Carboxamide Ribonucleotide;
RA: Rheumatoid Arthritis; DMARD: Disease-Modifying Anti-
Rheumatic Drug; ANCA: Anti-Neutrophil Cytoplasmic Antibody;
CBC: Complete Blood Cell Count; LFT: Liver Function Test; CSSR:
Corticosteroid-Sparing Rate; ROS: Reactive Oxygen Species

Introduction

Non-infectious ocular inflammatory diseases (e.g., intraocular
inflammation or uveitis) are triggered by the interaction between
genetic and environmental factors and subsequent activation of the
immune system and the main therapeutic regimen for these diseases
includes anti-inflammatory drugs. Thus, the rationale for the use
of methotrexate (MTX) in ocular inflammation is similar to that in
rheumatic diseases. Although MTX has been used for treating ocular
inflammatory diseases for many years and its effectiveness has been
described in many studies, the precise efficacy of MTX has not been
proven using a well-designed controlled trial. Thus, we reviewed the
current use of MTX and the safety issues associated with its use in
the treatment of ocular inflammation. The aim of this review was to
summarize the current knowledge about the use of MTX for treating
ocular inflammation for physicians and specialists of uveitis and
rheumatology.

Mechanism of Action of MTX and its Application in
Rheumatic Diseases

MTX is categorized as an antimetabolite and is a folate antagonist
that competitively inhibits dihydrofolate reductase (DHFR). DHFR
catalyzes the transfer of a hydride to dihydrofolate to produce
tetrahydrofolate (Figure 1), which is essential for the synthesis of the
nucleic acid building blocks, purines and thymidines. MTX inhibits
cell growth and proliferation by depleting the pool of reduced folates
or tetrahydrofolates. Therefore, MTX is cytotoxic during the S-phase
of the cell cycle and shows a greater toxic effect on the rapidly
proliferating cells. The anticancer effect of MTX can be attributed to
this anti-proliferative action of the drug. Further, different mechanisms
are thought to be involved in the anti-inflammatory effect of MTX in
arthritis or other rheumatic diseases. In rheumatic diseases, MTX is

administered intermittently (weekly) in doses two or three log orders
lower than those required for anticancer therapy (5-25 mg/week vs.
5000 mg/week). The toxicity of low-dose MTX decreases upon folic acid
supplementation without the loss of efficacy [1], which indicates that
MTX exerts its anti-inflammatory action via mechanisms other than
its anti-proliferative effect. Low-dose MTX may act via a number of
intracellular pathways (Figure 1). MTX is converted to polyglutamated
forms in the cells by polyglutamate synthetase. These polyglutamates
not only help cellular retention of the drug but also inhibit a number of
folate-dependent enzymes, including DHFR and5-aminoimidazole-4-
carboxamide ribonucleotide (AICAR) transformylase [2]. Inhibition of
AICAR transformylase leads to intracellular accumulation of AICAR,
which in turn leads to inhibition of AMP deaminase and accumulation
of AMP [2]. Extracellular release of AMP results in its conversion to
adenosine by the action of CD73 [3]. Findings from the studies in which
adenosine receptors were blocked or deleted [4,5] support the role of
the adenosine released as an endogenous anti-inflammatory mediator.
Additional pharmacological mechanisms possibly involved in the
anti-inflammatory action of MTX include the production of reactive
oxygen species(ROS) from T cells and monocytes [6], rendering T cells
susceptible to apoptosis via ROS-dependent c-Jun N-terminal kinase
(JNK) activation [7], or suppressing the expression of cytokines or
adhesion molecules [8,9]. Some of these mechanisms may be mediated
by the release of adenosine. However, the mechanism of action of MTX
has not been completely elucidated to date.

The folic acid analogue aminopterin was used for the first time for
the treatment of rheumatoid arthritis (RA), psoriasis, and psoriatic
arthritis in 1951 [10]; since then, the related compound MTX has
become the disease-modifying anti-rheumatic drug (DMARD) of
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Figure 1: Mechanisms of action of methotrexate (MTX). Two major pathways are depicted: (1) inhibition of dihydrofolate reductase and subsequent depletion
of tetrahydrofolate (THF) required for purine and pyrimidine synthesis and (2) inhibition of aminoimidazole carboxamide ribonucleotide (AICAR) transformylase
and subsequent release of adenosine. The former action is thought to mediate the antiproliferative effect of MTX while the latter is thought to mediate its anti-

inflammatory effect.

Where,

AICAR=aminoimidazole carboxamide ribonucleotide
AMP=adenosine monophosphate
FAICAR=formyl AICAR

hFR=human folate receptor
DHFR=dihydrofolate reductase
dTMP=deoxythymidine monophosphate
dUMP=deoxyuridine monophosphate
FPGS=folypolyglutamate synthetase
IMP=inosine monophosphate
MTX-PG=methotrexate polyglutamate
RFC1=reduced folate carrier 1
THF=tetrahydrofolate

TS=thymidylate synthase

Note: This figure does not depict the entire range of the intracellular effects of MTX.

choice for RA because of its superior efficacy-to-toxicity ratio [11].
MTX significantly improves the clinical symptoms and signs of arthritis
and slows the radiographic progression in RA [12]. Disease-modifying
benefits of MTX similar to those in RA have been observed in various
rheumatic conditions such as lupus, myositis, psoriasis, vasculitis, and
ocular inflammation (Table 1).

MTX for Ocular Inflammatory Diseases

MTX was used for ocular inflammatory diseases for the first time in
1965 [13]. Although corticosteroid administration is the initial treatment
for the management of non-infectious ocular inflammatory diseases,
immunosuppressive (or immunomodulatory) agents, including MTX,
are administered in addition to corticosteroids in patients refractory
to corticosteroid treatment or to prevent steroid-induced side effects
[14,15]. The current use of MTX for ocular inflammatory diseases is
summarized in Table 2.

Similar to its administration in rheumatic diseases, MTX is
administered intermittently at low doses (7.5-25 mg/kg per week
orally) with folic acid supplementation in ocular inflammation [14].

Parenteral administration via subcutaneous or intramuscular injections
may increase the bioavailability and improve tolerance in patients with
gastrointestinal disorders. MTX requires 6 to 8 weeks to be completely
effective [16]; therefore, MTX is usually initially combined with a high
dose of corticosteroid. After an improvement in ocular inflammation,
the dose of the oral corticosteroid is tapered or its administration is
discontinued. Administration of MTX is usually continued for 6 to 24
months at an effective dose, and then the MTX dose is tapered over 3
to 12 months, but the exact tapering schedule has not been determined
thus far. The precise dosage regimen should be individualized on the
basis of the patient’s desires, compliance, medical and social conditions,
and complications.

MTX therapy is indicated in almost all types of ocular inflammation,
including anterior, intermediate, posterior, and panuveitis, retinal
vasculitis, scleritis, childhood chronic uveitis, and mucus membrane
pemphigoid [17-19]. Other specific indications include Behget disease
[20], birdshot chorioretinopathy [21], multifocal choroiditis with
panuveitis [22,23], sarcoidosis [24], Vogt-Koyanagi-Harada disease
[25], and sympathetic ophthalmia [26]. In addition, complications
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Rheumatic diseases

Rheumatoid arthritis [13]

Psoriasis [22]

Lupus
Myositis [23]

Vasculitis [24,25]

MTX: Methotrexate; ANCA: Anti-Neutrophil Cytoplasmic Antibody

Indications for MTX
Initial treatment of rheumatoid arthritis for all patients unless contraindicated

Moderate to severe psoriasis, when the disease is not responding to topical
treatments or phototherapy

Particularly when joints are involved
Steroid refractory myositis

Non-life threatening ANCA-positive vasculitis instead of cyclophosphamide
or large vessel vasculitis adjunctively with corticosteroids

Benefits

Improves signs of inflammation and symptoms and
retards structural damage

Reduces area and severity of the affected skin

First-line therapy after corticosteroids

Reduces the relapse rate and cumulative steroid dose

Table 1: Rheumatic diseases in which low-dose methotrexate is commonly used.

Dosage mg/d
6-8 weeks
CBC, LFT per 6-8 weeks
Anterior uveitis

Full efficacy
Follow-up monitoring
Indications (responsiveness*) [17,18]
Intermediate uveitis
Posterior or panuveitis
Scleritis
Ocular membrane pemphigoid
Childhood chronic uveitis
Adverse reactions (incidence) [17,30] Gastrointestinal distress
Bone marrow suppression
Increased levels of liver enzymes
Malaise
Anorexia/nausea
Allergy
Mouth ulcers
Infections
Respiratory complaints
Hair loss
Liver cirrhosis

7.5-25 mg/week PO, SC, or IM + folic acid 1

Dose escalation regimen (Initial, 7.5-12.5 mg/week; maximum, 25 mg/
week) or
Initial high-dose regimen;
400 pg in 0.1 mL for intravitreal injection

(Responsiveness™ = 55.6%; CSSR = 46.1%)
(Responsiveness = 47.4%; CSSR = 41.3%)
(Responsiveness = 38.6%; CSSR = 20.7%)
(Responsiveness = 56.4%; CSSR = 37.3%)
(Responsiveness=39.5%; CSSR = 36.5%)
(Responsiveness = 73%)
(2.9-10.0%)
(2.6-3.1%)
(2.3-6.9%)
(2.1-13.1%)
(6.9%)
(1.6%)
(1.3%)
(0.8%)
(0.5%)
(0.5%)
(0.3%)

MTX: Methotrexate; CBC: Complete Blood Cell Count; LFT: Liver Function Test; CSSR: Corticosteroid-sparing rate (<10 mg/d)
* Responsiveness was defined as the complete suppression of inflammation sustained 228 days.

Table 2: Use of methotrexate in ocular inflammatory diseases and its side effects.

associated with chronic uveitis such as macular edema, choroidal
neovascularization, and optic disc edema can be improved with MTX
[23,27,28].

However, no randomized clinical trial has been performed thus
far to evaluate the efficacy of MTX in ocular inflammatory diseases;
thus, the efficacy and safety of MTX must be assessed on the basis
of uncontrolled case series [29] or meta-analysis [18]. Two large
retrospective cohort studies are worth mentioning here. Samson et al.
[30] reviewed 160 patients who took MTX either as a primary or as a
steroid-sparing agent for chronic non-infectious uveitis in one center.
Their study showed that MTX treatment controlled inflammation(less
than 1+ inflammatory cells within a minimum of 6 consecutive
months) in 76% of patients and achieved a steroid-sparing effect in
56% of patients. Maintenance or improvement of vision was achieved
in 90% of patients. Gangaputra et al. [17] included 384 patients with
non-infectious ocular inflammation who took MTX from 4 centers
and showed a 66% success rate of controlling inflammation (complete
suppression of inflammation sustained > 28 days) and a 58.4% success
rate for corticosteroid-sparing effect (<10 mg/d). Data from previous
studies indicate that combination of MTX with corticosteroids is
moderately effective for the management of intraocular inflammatory
diseases.

In pediatric patients, corticosteroid use is associated with a
potential risk of irreversible growth suppression despite the presence of
human growth hormones [31]. MTX has been used in many children
with RA, which proves the relative safety of MTX use in children [32].
Thus, MTX is the most commonly used immunosuppressive agent in
children. Because of the differences in metabolism, the oral dose of
MTX in children (10 to 25 mg/m?* or 7.5 to 15 mg per week) is higher
than that in adults. A recent meta-analysis [18] of nine retrospective
case series (N=135) showed the effectiveness of MTX for the treatment
of childhood autoimmune chronic uveitis; the authors showed that
the responsiveness was 0.73 (95% CI, 0.66-0.81), which suggested a
favorable effect in the improvement of intraocular inflammation. MTX
appears to be effective in childhood uveitis associated with juvenile
idiopathic arthritis [33,34], but the relapse rate was reported to be high
(69%) [35].

In addition, MTX can be administered intravitreally at a dose of
400 pg in 0.1 mL. Recently, several studies have shown that intravitreal
injection of MTX is effective for the treatment of uveitis with no
serious ocular side effects [20,23,36-38]. Intravitreal administration
can be advantageous because it can avoid the potential side effects of
systemic corticosteroids and immunosuppressive agents, especially in
patients with unilateral uveitis. Thus, intravitreal administration can be
a promising route of administration for patients who are vulnerable to
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Any side effects 72.9%

Termination rates because of toxicity 10.5%
Gastrointestinal symptoms (stomatitis, nausea, or stomach upset) 30.8%
Increased levels of liver enzymes 20.2%

Skin/hair 8.9%

Myelosuppression 5.2%

Pneumonitis 0.43%

tPooled analysis of 3463 rheumatoid arthritis patients from 21 prospective cohorts
who had been treated with methotrexate (MTX) for a mean duration of 36.5 months.

Table 3: Adverse effects attributed to low-dose methotrexate treatment for
rheumatoid arthritis [40].

systemic immunosuppressive therapy (e.g., pregnant women, children,
or patients with liver dysfunction). However, further studies are
required to provide sufficient evidence for using intravitreal MTX for
ocular inflammatory diseases.

Adverse Effects of MTX use for ocular inflammation
and rheumatic diseases

Despite its effectiveness as a disease-modifying agent, the
probability of discontinuation of MTX is 34% in 2 years in RA patients
[39]. The major factor for discontinuation of MTX is the development
of adverse events [14] probably owing to folate antagonism or folate
deficiency. Although the rate of adverse events was as high as 73% in
RA patients during 3 years of treatment in a pooled analysis by Salliot
and van der Heijde [40], the frequency of serious adverse events was
not high, and long-term use of MTX did not seem to increase the risk
of infection. The toxicities associated with MTX are enlisted in Table 3.

The toxicity of MTX is significantly reduced with folate
supplementation in RA patients [41,42]. Although folinic acids, which
are reduced forms of folicacids, also reduce MTX-mediated toxicity, they
reverse the therapeutic efficacy of MTX against RA owing to competitive
inhibition of folinic acids with MTX during cellular transport [43]. The
discrepancy between folates and folinic acids against MTX-mediated
efficacy is explained by their transport system. Transport of folates
into the mammalian cells occurs via receptor-mediated or carrier-
mediated mechanisms. The human folate receptor shows much higher
affinity to folate than to MTX, and its expression is limited in specific
tissues (kidney, lung, choroid plexus, and placenta) [44]. Because the
capacity of the receptor is low, receptor-mediated transport operates
when folates are present at low concentrations. Therefore, folate
supplementation may have a little influence on the action of MTX.
On the other hand, reduced folate carriers are ubiquitously expressed
and show lower affinity and higher capacity than folate receptors [44].
This carrier-mediated transport system represents the major transport
system for folates, folate derivatives (including folinic acids), and MTX.
It preferentially binds to folinic acids than to folates or MTX with the
lowest affinity to MTX. Therefore, folinic acid supplementation can
reduce the efficacy of MTX by competitive inhibition of intracellular
transport of MTX. Thus, there seems no reason on current evidence
to recommend the use of folinic acids in preference to folic acids for
routine administration. However, because folinic acids can circumvent
DHEFR (a molecular target of MTX) in biosynthetic pathways, folinic
acids retain an important role in the treatment of MTX overdose or
acute hematological toxicity.

Unlike many adverse events related to folate metabolism,
pulmonary toxicity or MTX-induced pneumonitis is an unpredictable
but potentially life-threatening complication that occurs during MTX
treatment in a dose-independent manner [45]. The prevalence of
pulmonary toxicity or MTX-induced pneumonitis ranges from 0.3 to

0.7% [45], and the histological findings associated with MTX-induced
pneumonitis were not different from those associated with lung toxicities
caused by other drugs [46,47]. The risk factors for MTX-induced
pneumonitis include old age, diabetes, rheumatoid pleuropulmonary
involvement, previous use of DMARDs, and hypoalbuminemia [48].
The mechanism of this adverse event is unknown but is presumed to
involve a hypersensitivity reaction in the case of some patients [46].
When a patient is suspected to have MTX-induced pneumonitis,
immediate cessation of MTX and administration of corticosteroids is
recommended. A patient who recovers from MTX-induced lung injury
tends to relapse with retreatment [47].

MTX has been reported to cause fetal death and/or congenital
anomalies. Therefore, MTX is not recommended for women of
childbearing potential unless the benefits are expected to outdo the
risks.

Most studies on the safety of MTX for ocular inflammatory
diseases showed that the use of low-dose MTX has little risk of serious
side effects during treatment (Table 2). In a retrospective study by
Gangaputra et al. [17], MTX was discontinued because of the following
side effects in 16% of 384 patients: gastrointestinal distress (2.9%), bone
marrow suppression (2.6%), increased levels of liver enzymes (2.3%),
malaise (2.1%), allergy (1.6%), mouth ulcers (1.3%), infections (0.8%),
respiratory complaints (0.5%), hair loss (0.5%), liver cirrhosis (0.3%),
and others (1.8%). Each event rate for these side effects per person-
year was equal to or less than 0.02, which indicates a very low risk of
complications. Similar results were reported by Samson et al. [30], that
discontinuation of MTX owing to side effects was necessary in 18%
of 160 patients without long-term morbidity or mortality. Potentially
serious adverse effects occurred in only 8.1% of patients. If non-health-
threatening side effects were included, the incidence of total side effects
was 42.5%; these side effects included fatigue (13.1%), anorexia/nausea
(6.9%), increased levels of liver enzymes (6.9%), diarrhea (5.6%),
stomatitis (4.4%), and leukopenia (3.1%). The lower incidence of side
effects in patients with ocular inflammatory diseases (overall, 42.5% and
16-18% requiring MTX discontinuation) than in those with rheumatic
diseases (overall, 73% and 34% requiring MTX discontinuation) may
be because of the relatively low dosage and short period of MTX use for
ocular inflammatory diseases.

Conclusion

Although the efficacy of MTX has not been proven using a
randomized clinical trial, the cumulative clinical experience since
1960s suggests that MTX is an effective drug for the management
of intraocular inflammation. Systemic administration of low doses
of MTX is moderately effective in suppressing inflammation and in
decreasing the dose of corticosteroids in patients with nearly all types
of ocular inflammatory diseases. Moreover, MTX is well tolerated
by patients (including pediatric patients), and the risk of side effects
associated with MTX is very low. Intravitreal administration can be
a promising therapeutic option for the management of intraocular
inflammatory diseases in the future.

Highlights

1. The two mechanisms of action by which MTX exerts its
effects in ocular inflammation and rheumatic diseases are
as follows: an anti-proliferative effect on inflammatory cells
and extracellular release of adenosine as an endogenous anti-
inflammatory mediator.

2. Systemic low-dose methotrexate is moderately effective in
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suppressing inflammation and in decreasing corticosteroid
use in ocular inflammation and uveitis similar to that in other
rheumatic diseases.

3. Methotrexate is relatively safe and well tolerated by most patients
with uveitis and is the most widely used immunosuppressive
drug for children.

4. Intravitreal administration of MTX can be a promising
therapeutic option for the management of intraocular
inflammatory diseases in the future.
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