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Abstract:

Methotrexate (MTX) is a cornerstone medication in both oncology and rheumatology/autoimmune disease
treatment. Originally developed as a folate-antagonist antimetabolite for malignant disease, MTX's low-
dose immunomodulatory and anti-inflammatory effects have made it the anchor drug for conditions such
as Rheumatoid arthritis (RA), psoriasis and other autoimmune disorders. This review provides a detailed
overview of its mechanism of action, pharmacokinetics, therapeutic indications, adverse effects,
contraindications, drug-interactions, monitoring recommendations, and recent research developments.
Understanding MTX's multifaceted roles and risks is critical to optimize therapy and minimise toxicity.
Methotrexate (MTX) is an anti-metabolite commonly administered during chemotherapy and as an
immunosuppressant for autoimmune diseases. This activity reviews the indications, mechanism of action,
and contraindications for methotrexate as a treatment for neoplastic and autoimmune conditions. Adverse
events, off-label uses, pharmacokinetics, administration methods, and key monitoring considerations are
discussed to optimize patient outcomes. Relevant drug interactions and clinical toxicology are also
highlighted to enhance safe and effective use.

Emphasis is placed on the role of interprofessional collaboration in managing methotrexate therapy.
Understanding methotrexate's pharmacology supports the application of evidence-based medicine to
optimize dosing, mitigate risks, and reduce adverse effects. This activity provides a foundation for
healthcare professionals to deliver personalized and effective care, advancing therapeutic success and
maintaining a high standard of care for patients receiving methotrexate therapy.

Objectives:

1. Evaluate the mechanism of action of methotrexate in chemotherapy and autoimmune diseases.

2. Identify the common and rare adverse events associated with methotrexate use.

3. Assess the typical presentation of a patient who may be experiencing methotrexate toxicity.

4. Implement effective collaboration and communication among interprofessional team members to
enhance patient care, ensure comprehensive methotrexate education, and optimize adherence, reducing
morbidity and improving clinical outcomes.
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Mechanism of Action:

Methotrexate has various mechanisms of action, making it an effective treatment for different conditions.
When administered as a treatment for cancer, methotrexate acts as an antifolate antimetabolite. The drug
is taken up into the cell by human reduced folate carriers (SLC19A1) and forms methotrexate-
polyglutamate. The unaltered methotrexate and methotrexate-polyglutamate inhibit the enzyme
dihydrofolate reductase, which catalyzes the conversion of dihydrofolate into tetrahydrofolate, the active
form of folic acid.[1] Tetrahydrofolate is necessary to synthesize the nucleotides of both DNA and RNA.
Methotrexate-polyglutamate also inhibits both purine synthase, suppressing the de novo synthesis of
purine nucleotides, and thymidylate synthase, thereby preventing DNA synthesis. These separate actions
combine to produce a cytotoxic effect, which is the primary reason methotrexate is prescribed as a cancer
treatment.[2]

Similarly, methotrexate may be chosen for patients with autoimmune diseases for entirely different
mechanisms of action. Methotrexate inhibits the enzyme AICAR transformylase, disrupting the
metabolism of adenosine and guanine. This results in adenosine accumulation, which exerts feedback by
repressing T-cell activation, downregulating B-cell function, and increasing the sensitivity of activated
CD-95 T cells. The combination of these individual processes results in a systemic anti-inflammatory
effect. Additionally, methotrexate suppresses methyltransferase activity and inhibits the binding of
interleukin-1 to its cell surface receptor.

1. Pharmacokinetics -

Absorption: Methotrexate demonstrates a bioavailability of approximately 60% at doses <30 mg/m?,
reaching peak plasma concentrations between 45 minutes and 6 hours. Taking methotrexate with meals
delays absorption, and the drug may undergo enterohepatic recirculation.

Distribution: Methotrexate is 50% protein-bound in serum and competes with reduced folates for active
transport across cell membranes. At higher concentrations, passive diffusion becomes a key mechanism
for intracellular uptake. After intravenous administration, the initial volume of distribution is 0.18 L/kg,
and the steady-state volume ranges from 0.4 L/kg to 0.8 L/kg. Methotrexate is efficiently distributed in
the synovial fluid.[3] A patient treated with methotrexate for psoriatic arthritis developed eosinophilic
pleural effusions and a hemorrhagic pericardial effusion. Despite discontinuation and corticosteroid
treatment, the effusions recurred. Pleural biopsy revealed chronic inflammation with eosinophils,
highlighting methotrexate's potential to distribute systemically and cause eosinophilic inflammation in
pleural and pericardial space.[4]
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Metabolism: Methotrexate is metabolized in the liver and cells to active polyglutamated forms that inhibit
dihydrofolate reductase and thymidylate synthetase. These metabolites accumulate in tissues, prolonging
the drug's effects. Methotrexate is also converted to 7-hydroxymethotrexate, which has lower solubility
than the parent drug.

Elimination: Methotrexate is primarily eliminated via renal excretion. The elimination half-life ranges
from 3 to 10 hours at lower doses and 8 to 15 hours following high-dose therapy. Nonlinear elimination

may be observed due to renal tubular saturation. Methotrexate may also be minimally excreted in bile
(£10%).

2. Pharmacodynamics and dose response -

In autoimmune use, the onset of clinical effect is often weeks to months, consistent with
immunomodulatory rather than rapid cytotoxic effect.

Higher doses (oncology) produce cytotoxic effects; lower weekly doses produce anti-inflammatory effect.

Inter-individual variability in PK/PD is substantial; genetic variants (eg folate-pathway genes) may
influence response and toxicity.

3. Antifolate / Antimetabolite Effects
At higher doses (oncology), MTX acts primarily as a folate antagonist. It enters cells via the reduced folate
carrier SLC19A1, is polyglutamated intracellularly, and inhibits dihydrofolate reductase (DHFR),
reducing tetrahydrofolate (THF) formation which is needed for de novo purine and thymidylate synthesis.
This results in impaired DNA/RNA/protein synthesis and cytotoxicity.[5]

It also inhibits enzymes such as thymidylate synthase (TYMS), aminoimidazole-4-carboxamide
ribonucleotide transformylase (AICAR/ATIC) and other folate-dependent processes.[6]

MOA of Methotrexate

Methotrexate

1

Inhibition of
dihydrofolate reductase

d

4 Tetrahydrofolate
(THF) synthesis

1

4 Purine and
thymidylate synthesis

1

4 DNA synthesis
and cell replication

Figure | MECHANISM OF METHOTREXATE

4. Immunomodulatory / Anti-inflammatory Mechanism

At the lower doses typically used in RA/autoimmune disease, different mechanisms appear more relevant:
Adenosine signalling: MTX inhibits AICAR transformylase accumulation of AICAR increased
extracellular adenosine activation of adenosine receptors (especially A2A) which dampen inflammation
(eg reduce neutrophil adhesion, cytokine production, T-cell activation).[7]
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Alteration of cytokines and adhesion molecules: MTX has been shown to reduce expression of IL-1, IL-
6, TNF-a, to modify T-cell subsets (e.g., increase IL-10, reduce IFN-y), and to reduce endothelial adhesion
molecule expression.[8]

Polyamine inhibition: By inhibiting DHFR and thus reducing methyl donor S-adenosylmethionine (SAM),
MTX may reduce polyamine formatio| mine/spermidine) and thereby reduce lymphotoxin production
and inflammation . However, this is considered a minor mechanism.[9]

Other effects: MTX may influence reactive oxygen species (ROS), cell proliferation (eg of synovial
fibroblasts), apoptosis of activated immune cells, and adenosine receptor-mediated modulation of
angiogenesis and barrier function. PMC-1[10]

Thus, the net effect in autoimmune disease is anti-inflammatory and immunomodulatory, rather than
simply cytotoxic.
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Indications:

Methotrexate is a folic acid antagonist indicated for the treatment of rheumatoid arthritis because of its
high potency and efficacy; it can also help treat patients with juvenile idiopathic arthritis.[11] Gubner first
suggested methotrexate as a treatment for rheumatoid arthritis after performing a double-blinded, placebo-
controlled clinical trial of methotrexate in patients with this condition.[12]

Aminopterin, the parent compound of methotrexate, was first successfully used to treat childhood
leukemia.[13] Today, methotrexate is one of the primary chemotherapeutic choices for various types of
cancer. This medication is safe and effective for patients with psoriasis, systemic lupus erythematosus,
inflammatory bowel disease, vasculitis, and many other connective tissue diseases.[14] However, the
safety and efficacy of methotrexate have not been established in patients with blood dyscrasias, and it is
not recommended for pregnant women.

Methotrexate is also effective for patients who have received a donated organ because of its anti-
inflammatory and immunomodulatory activity.[ 15] Additionally, methotrexate can be combined with anti-
TNF agents and is effective for treating patients with ulcerative colitis, carcinoma of the breast, small-cell
carcinoma of the lung, epidermal tumors of the head and neck, and carcinoma of the ovary.[16] The
medication has the same effects as cyclosporin for patients with graft-versus-host disease. According to
the American College of Rheumatology (ACR), methotrexate is strongly preferred over sulfasalazine or
hydroxychloroquine as a disease-modifying antirheumatic drug (DMARD) for patients who are DMARD-
naive and present with moderate-to-high disease activity.[17]
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FDA-Approved Indications -
Rheumatoid arthritis
Polyarticular juvenile idiopathic arthritis
Refractory psoriasis [18]
Acute lymphoblastic leukemia
Relapsed or refractory non-Hodgkin lymphoma
Breast cancer
Head and neck squamous cell carcinoma [19]
Meningeal leukemia
Osteosarcoma
Cutaneous T-cell lymphoma (mycosis fungoides) [20]
Gestational trophoblastic neoplasia [21]

Off-Label Uses -
Dermatomyositis
Pityriasis rubra pilaris
Eczema
Sarcoidosis
ANCA-associated vasculitis

The 2024 guidelines from the Kidney Disease: Improving Global Outcomes (KDIGO) recommend that
clinicians consider methotrexate or mycophenolate mofetil as alternatives to azathioprine for maintenance
therapy in patients who are intolerant to azathioprine for the management of antineutrophil cytoplasmic
antibody—associated vasculitis. However, methotrexate should not be used for patients with a glomerular
filtration rate (GFR) less than 60 mL/min/1.73 m?.[22] The American Academy of Dermatology (AAD)
offers a conditional recommendation for the use of methotrexate in adults with moderate-to-severe atopic
dermatitis (AD).[23][24]

Administration:

Available Dosage Forms and Strengths -

Methotrexate is administered orally or as an injection (intramuscular, intravenous, intrathecal, or
subcutaneous).[25] Methotrexate is available in several formulations, including a 25 mg/mL injectable
solution, as well as subcutaneous autoinjectors with the following strengths: 7.5 mg/0.4 mL, 10 mg/0.4
mL, 15 mg/0.4 mL, 17.5 mg/0.4 mL, 20 mg/0.4 mL, 22.5 mg/0.4 mL, and 25 mg/0.4 mL. Methotrexate is
also available in prefilled subcutaneous syringes, as 2.5 mg, 5 mg, 7.5 mg, 10 mg, and 15 mg tablets, and
as a 2 mg/mL oral solution.

Adult Dosage -

A thorough patient evaluation is necessary before initiating medical therapy with methotrexate. This
evaluation should be supplemented with laboratory testing, which includes a complete blood count with
differential, renal function tests (serum creatinine, blood urea nitrogen, and urinalysis), liver function tests
(serum bilirubin, AST, ALT, serum albumin), hepatitis serology, and HIV testing.[26] A chest radiograph
should also be obtained if appropriate. Specific doses should be calculated based on the indications and
renal function.

Oral: This formulation is usually administered weekly as a single dose or divided into doses every 8 hours
over a 24-hour period. Folate supplementation (1 mg/d or 5 to 7 mg weekly) should be considered for all
patients to prevent bone marrow suppression. In adults, oral absorption is dependent upon the dose taken.
Peak serum levels are achievable within 2 hours.
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IV: A single-dose autoinjector can deliver various doses, including 7.5 mg, 10 mg, 12.5 mg, 15 mg, 17.5
mg, 20 mg, 22.5 mg, 25 mg, 27.5 mg, and 30 mg.[27]

After the initiation of methotrexate therapy, follow-up testing should include cell count (CBC), renal
function, and liver function monitoring, which are recommended weekly for 4 weeks and then at least bi-
monthly.[28]

Rheumatoid arthritis: The recommended starting dosage is 7.5 mg once weekly, which may be adjusted
to achieve an optimal therapeutic response.

Polyarticular juvenile idiopathic arthritis: The recommended starting dosage is 10 mg/m? once weekly,
which may be adjusted to achieve an optimal therapeutic response.

Psoriasis: The recommended dosage is between 10 and 25 mg once weekly. Once a satisfactory therapeutic
response is achieved, the dose should be reduced to the lowest effective dose.

Neoplastic conditions: Refer to the prescribing information for disease-specific dosing recommendations.
High-dose regimens should follow established guidelines, with dose adjustments based on patient
response, renal function, and toxicity. Close monitoring is essential to optimize treatment outcomes and
minimize adverse effects.

s
—

Methotrexate l
Injection, USP "“

250 mg per 10 mL
(25 mg per mL)

Contains preservative.

Cytotoxic agent.
Not for intrathecal use.

See package insert for routes
of administration.

Specific Patient Populations -

Hepatic impairment: Patients with a liver condition may be at higher risk for methotrexate-related adverse
reactions due to altered elimination. Dose reduction or discontinuation of methotrexate injection should
be considered based on the severity of liver dysfunction.
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Renal impairment: According to KDIGO guidelines, the dose of methotrexate should be reduced when
the patient's glomerular filtration rate (GFR) <60 mL/min/1.73 m?. Methotrexate should be avoided for
patients with a GFR <15 mL/min/1.73 m?. High-dose methotrexate (HDMTX) is commonly used to treat
various cancers. While it is generally well-tolerated by most patients, it carries a risk of significant toxicity,
particularly acute kidney injury (AKI). This toxicity is primarily due to the crystallization of methotrexate
in the renal tubular lumen, which can result in tubular damage. Close monitoring and appropriate
preventive measures are essential to minimize the risk of renal complications in patients receiving
HDMTX.[29]

Pregnancy considerations: Methotrexate is contraindicated for pregnant women with non-neoplastic
diseases due to the risk of embryo-fetal toxicity, including miscarriage, congenital disabilities, and
developmental abnormalities. This drug can cause harm when used during pregnancy, especially in the
first trimester. For pregnant women with neoplastic diseases, the preservative-free formulation should be
used, as benzyl alcohol can cross the placenta. The potential risks to the fetus should be carefully
considered.

Breastfeeding considerations: Breastfeeding is generally contraindicated during maternal high-dose
methotrexate therapy due to potential risks to the infant. Mothers should be advised to wait at least 1 week
after receiving high-dose methotrexate before breastfeeding. To minimize potential exposure, withholding
breastfeeding for 24 hours after a low-dose methotrexate administration may reduce the infant's exposure
by approximately 40%. If breastfeeding is pursued with long-term low-dose methotrexate, monitoring the
complete blood count and liver enzymes is recommended.[30]

Pediatric patients: The safety and efficacy of methotrexate have been established in pediatric patients for
polyarticular juvenile idiopathic arthritis, acute lymphoblastic leukemia, meningeal leukemia, non-
Hodgkin lymphoma, and osteosarcoma. Methotrexate dosing is typically determined by body surface area
and renal function. However, additional research is required to understand better the pharmacokinetics
and pharmacodynamics of methotrexate in both pediatric and adult populations.[31]

Older patients: Adjusting the dose according to renal function is necessary to mitigate the risk of toxicity.

LITERATURE REVIEW:
Methotrexate has numerous mechanisms of action, making it an effective in treatment for different
pathological conditions.

METHOTERAXATE AS ANTITUMOUR -

The drug is taken up into the cell by human reduced folate carriers (SLC19A1) and forms methotrexate-
polyglutamate. SLC19A1, also known as the reduced folate carrier (RFC), is a protein that transports
essential folate nutrients into cells and facilitates the import of the chemotherapy drug Methotrexate It is
a crucial transporter for cellular metabolism, and genetic variations in SLC19A1 can affect drug sensitivity
and a condition called SLC19A1-related folate transport deficiency. The unaltered methotrexate and
methotrexate-polyglutamate inhibit the enzyme dihydrofolate reductase, which catalyses the conversion
of dihydrofolate into tetrahydrofolate, the active form of folic acid. Tetrahydrofolate is necessary to
synthesize the nucleotides of both DNA and RNA. Methotrexate-polyglutamate also inhibits both purine
synthase, suppressing the de novo synthesis of purine nucleotides, and thymidylate synthase, thereby
preventing DNA synthesis. These separate actions combine to produce a cytotoxic effect, which is the
primary reason methotrexate is prescribed as a cancer treatment.
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METHOTERAXATE IN AUTOIMMUNE DISORDER -

Methotrexate may be chosen for patients with autoimmune diseases for entirely different mechanisms of
action. Methotrexate inhibits the enzyme AICAR transformylase, AICAR transformylase is a bifunctional
enzyme that catalyses the final two steps in the de novo purine biosynthesis pathway, forming inosine
monophosphate (IMP) disrupting the metabolism of adenosine and guanine. This results in adenosine
accumulation, which exerts feedback by repressing T-cell activation, downregulating B-cell function, and
increasing the sensitivity of activated CD-95 T cells. The combination of these individual processes results
in a systemic anti-inflammatory effect. Additionally, methotrexate suppresses methyltransferase activity
and inhibits the binding of interleukin-1p to its cell surface receptor.

Methoteraxate in Rheumatoid arthritis

Promotes adenosine release:Adenosine then binds to its receptors on immune cells to exert anti-
inflammatory effects.

Inhibits pro-inflammatory cytokines:

Methotrexate can alter the production of various inflammatory signaling molecules that contribute to the
inflammation seen in rheumatoid arthritis.

Affects cell proliferation and apoptosis:

It can inhibit the proliferation of immune cells, particularly T cells, and increase their rate of programmed
cell death (apoptosis), thereby reducing the immune attack on the joints.

Inhibits folate-dependent enzymes:

At a higher level, methotrexate acts as a folate antagonist, inhibiting enzymes crucial for DNA, RNA, and
protein synthesis, which can suppress the activity of rapidly dividing immune cells.

Methoteraxate Polyarticular juvenile idiopathic arthritis -

Juvenile idiopathic arthritis is a chronic systemic inflammatory disease developing during childhood.
According to a nationwide survey in Japan, this disease develops in about one out of 100,000 children per
year, with a prevalence of 9.74 of 100,000 children less than 16 years of age. Major symptoms include
articular swelling and pain associated with persistent inflammation. Tissue destruction and fibrosis tend
to accumulate over time in patients with this condition. Unless treated appropriately, patients with this
disease are likely to suffer deformation and contracture of joints due to articular collapse as well as osseous
rigidity of joints affected by advanced JIA, leading to severe dysfunction. When this disease develops at
an early age, there is a risk of growth retardation.

Methotrexate works in polyarticular juvenile idiopathic arthritis (JIA) by acting as a folate antagonist and
interfering with inflammatory pathways. It inhibits enzymes like DHFR, which blocks the production of
active folates needed for DNA and RNA synthesis. This leads to decreased immune cell proliferation,
increased adenosine release, and a reduction in pro-inflammatory cytokines, ultimately lowering
inflammation and immune system activity in the joints.
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Methoteraxate in Refractory psoriasis -

Methotrexate has a long track record of success in treating severe and recalcitrant forms of psoriasis,
including plaque psoriasis, erythrodermic psoriasis, generalized pustular psoriasis, and psoriatic arthritis.
Studies indicate that a significant majority of patients achieve good to excellent results. It works by
suppressing the overactive immune system and slowing down the excessive proliferation of skin cells,
which are key features of psoriasis.

Methoteraxate in Acute lymphoblastic leukemia -

Methotrexate (MTX) is an essential component of curative chemotherapy regimens for acute
lymphoblastic leukemia (ALL) in both children and adults. It works as an antifolate antimetabolite to kill
leukemic cells by interfering with DNA synthesis and repair, thus blocking cell division.

Methoteraxate in Relapsed or refractory non-Hodgkin lymphoma -

Methotrexate (MTX) is a key component in the treatment of relapsed or refractory non-Hodgkin
lymphoma (NHL), particularly in high-dose regimens and for disease involving the central nervous system
(CNS). It is rarely used as a single agent for systemic disease due to short-lived responses.

Mthoteraxate in Breast cancer -

MTX is an FDA-approved drug for use, often with other agents, in treating breast cancer. A well-known
combination regimen is CMF (cyclophosphamide, methotrexate, and fluorouracil), which has been a
standard treatment for many years.

Methotrexate is a folate antimetabolite that works by interfering with the growth of cancer cells. It blocks
the enzyme dihydrofolate reductase (DHFR), which is crucial for the synthesis of thymidine and purine
bases (essential components of DNA and RNA). This inhibition disrupts DNA synthesis, repair, and
cellular replication, ultimately leading to cancer cell death (apoptosis).

Methoteraxate in Head and neck squamous cell carcinoma -

Methotrexate (MTX) is an established chemotherapeutic agent used in the management of head and neck
squamous cell carcinoma (HNSCC), primarily in the palliative setting for recurrent or metastatic disease
and sometimes as neoadjuvant therapy. It is particularly valuable for patients who are unfit for more
aggressive platinum-based chemotherapy due to comorbidities or poor performance status, offering a
balance of efficacy, tolerability, and low cost. Studies have shown that MTX used as a single agent in a
neoadjuvant (before surgery) setting can be effective in reducing tumor bulk (down-staging), increasing
the feasibility of surgery, and potentially decreasing the need for extensive reconstructive procedures.

Methoteraxate in Meningeal leukemia -

Methotrexate (MTX) is a cornerstone of therapy for meningeal leukemia, used for both prophylaxis
(prevention) and treatment of central nervous system (CNS) involvement. It is an effective antifolate agent
that inhibits DNA synthesis and cell proliferation, primarily by binding to and inhibiting the enzyme
dihydrofolate reductase (DHFR).

Methoteraxate in Osteosarcoma -

Methotrexate is an anti-metabolite that acts as a folic acid antagonist MTX binds to and inhibits the
enzyme dihydrofolate reductase (DHFR). This inhibition prevents the formation of tetrahydrofolate
(THF), a crucial cofactor for the synthesis of purines and thymidylate, which are essential components of
DNA and RNA. This ultimately blocks cell division and induces apoptosis (cell death) in rapidly dividing
cancer cells.

Methoteraxate in Cutaneous T-cell lymphoma (mycosis fungoides) -
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Methotrexate (MTX) is a viable and commonly used systemic treatment option for mycosis fungoides
(MF), the most frequent type of cutaneous T-cell lymphoma (CTCL), particularly in early stages and for
erythrodermic patients. It is generally used at low doses, weekly, and has a favorable benefit/risk ratio,
although its effectiveness can be limited in duration.

Methoteraxate in Gestational trophoblastic neoplasia -

Methotrexate is a primary chemotherapy agent for low-risk gestational trophoblastic neoplasia (GTN) and
a key component of combination regimens for high-risk disease. It is a highly effective, fertility-preserving
treatment, with overall cure rates approaching 100% when primary and salvage therapies are considered.

Methoteraxate in Dermatomyositis -

Methotrexate (MTX) is an effective and common second-line corticosteroid-sparing agent used in the
treatment of dermatomyositis, particularly for managing both cutaneous (skin) and muscular
manifestations. It is typically used in combination with initial corticosteroid therapy (e.g., prednisone) to
enhance efficacy and minimize the long-term side effects associated with high-dose steroids

Methoteraxate in Eczema -
Methotrexate is an effective and safe second-line systemic treatment for moderate to severe eczema (atopic
dermatitis) in both adults and children, used when conventional therapies like topical steroids and
emollients are insufficient. It is an "off-label" use for eczema but has been standard practice by
dermatologists for decades.

Methoteraxate in Sarcoidosis -

Methotrexate (MTX) is widely used as a second-line, corticosteroid-sparing agent in the treatment of
chronic or refractory sarcoidosis. It is effective for managing a variety of organ manifestations, including
pulmonary, skin, ocular, neurologic, and cardiac disease. Corticosteroids are the first-line treatment for
sarcoidosis; however, due to the severe side effects of prolonged high-dose use, a steroid-sparing agent
like methotrexate is often introduced. MTX helps control the disease and allows for a reduction in
prednisone dosage. It is generally the first choice among second-line options due to its effectiveness, low
cost, and acceptable toxicity profile at the dosages used for sarcoidosis.

Methoteraxate in ANCA-associated vasculitis -

Methotrexate is used in ANCA-associated vasculitis (AAV) as an alternative for remission induction in
milder cases or as a maintenance therapy after initial remission is achieved with other drugs like
cyclophosphamide. For mild disease, it can induce remission, but maintenance therapy is necessary to
prevent relapses. It may be associated with a higher risk of relapse compared to other drugs like rituximab,
and it has potential side effects, including liver toxicity and lung problems, that require monitoring. In
patients with less severe AAV (e.g., not involving critical organs),

Adverse Effects:

Even a low dose of methotrexate is not free from adverse effects. The most common adverse effects are
gastrointestinal (eg, nausea, vomiting, mucosal ulcers, and loss of appetite). These effects are noted in
most patients and are easily managed.[32] The most significant adverse effect of methotrexate is
hepatotoxicity. These side effects are similar to folate deficiency and can be prevented by supplementing
methotrexate with folic acid.[26] A slightly elevated aminotransferase level is typical, but it is uncommon
to have liver steatosis, fibrosis, and cirrhosis when taking a low dose of methotrexate. Over a long duration
of treatment, ultrasound scanning and liver biopsy are required to ascertain the liver damage.
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Methotrexate is a category X drug and is contraindicated during pregnancy. When prescribing this
treatment to any female of reproductive age, the patient must be made aware of its potential for
teratogenesis, and double contraception is mandatory. With high-dose methotrexate, patients may also
experience mucosal ulceration, which may be a sign of impending methotrexate toxicity. Alopecia,
fatigue, fever, increased risk of infection, low white blood cell count, gastrointestinal bleeding,
pancreatitis, bone marrow suppression (aplastic anemia), malignancy (lymphoproliferative disorders),
infections, and renal failure are other potentially life-threatening side effects.[33][34]

Drug-Drug Interactions -

Methotrexate is highly plasma protein-bound; any drug displacing it from proteins can increase blood
levels. Protein-bound drugs such as oral anticoagulants, phenytoin, salicylates, sulfonamides,
sulfonylureas, and tetracyclines may interact with it.

Any drug affecting renal clearance may cause an increase in methotrexate levels. Nonsteroidal anti-
inflammatory drugs (NSAIDs), salicylates, TMP, penicillin, warfarin, valproate, proton pump inhibitors,
cyclosporin, and cisplatin increase the risk of MTX toxicity in the blood; aminoglycosides, neomycin,
probenecid reduces the absorption of MTX.[35][36]

The typical interactions are with NSAIDs and PPIs due to the high frequency of concurrent prescriptions.
Coadministration of methotrexate with certain medications can alter its plasma concentrations, increasing
the risk of severe adverse reactions and potentially reducing the formation of active metabolites, which
may decrease its clinical effectiveness. This includes oral antibiotics like neomycin and penicillin,
antifolate drugs such as dapsone and pyrimethamine, NSAIDs, and hepatotoxic or nephrotoxic products.
Caution is advised when using nitrous oxide in patients receiving methotrexate, as it may exacerbate
methotrexate's effects on folate metabolism, increasing the risk of severe adverse reactions. Alternative
therapies should be considered.

The coadministration of folic acid or its derivatives may reduce methotrexate's effectiveness in treating
neoplastic diseases by competing for active transport across cell membranes. Patients should follow their
healthcare provider's guidance regarding folic or folinic acid use to ensure optimal treatment outcomes.
For patients with immune-mediated inflammatory diseases, methotrexate may adversely affect humoral
and cellular immune responses to COVID-19 mRNA vaccines. While specific immunogenicity thresholds
correlating with vaccine efficacy remain undefined, these findings suggest that alternative strategies and
additional research may be needed.[37]

Genetic factors
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Contraindications:
Methotrexate is contraindicated for patients with hypersensitivity reactions to this medication. Pregnant
or breastfeeding patients should avoid using methotrexate due to the elevated risk of teratogenicity and
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excretion into breast milk. In cases of rheumatoid arthritis or psoriasis, it is contraindicated to use
methotrexate in patients with chronic liver disease, cirrhosis, alcoholic hepatitis, or active alcohol use
disorder. Methotrexate is not recommended for patients with HIV/AIDS, blood dyscrasias, renal
dysfunction, or those undergoing radiotherapy.[38]

Embryo-fetal toxicity: Methotrexate is teratogenic and can cause embryo-fetal toxicity, including fetal
death. This drug is contraindicated during pregnancy for non-neoplastic diseases. For patients with
reproductive potential and neoplastic conditions, counsel regarding the potential risks to the fetus and
emphasize the need for effective contraception throughout treatment.

Hypersensitivity reactions: Methotrexate is contraindicated in patients with a history of severe
hypersensitivity reactions, including anaphylaxis.[39]

Severe adverse reactions: Severe adverse reactions, including organ damage and fatalities, have been
reported. Vigilant monitoring for toxicities involving the bone marrow, gastrointestinal system, liver,
lungs, kidneys, and skin is critical. Based on the clinical severity of adverse events, methotrexate should
be withheld or discontinued.

Precautions:
Caution is necessary for using methotrexate for patients who have preexisting blood disorders, such as
bone marrow hypoplasia, leukopenia, thrombocytopenia, or significant anemia.[40]

Monitoring:

Patients taking methotrexate should undergo laboratory testing with complete blood count, serum
creatinine, and transaminase level monitoring weekly for the first 4 weeks and then at least bimonthly. A
complete list of the current medications should be revised to avoid any possible drug interactions before
prescribing methotrexate. Liver function tests (serum AST, ALT, and albumin levels) and liver biopsy can
also be performed in cases of hepatotoxicity.[41] Creatinine clearance requires monitoring to avoid
possible nephrotoxicity; a CrCl of 50 mL/min is necessary before prescribing methotrexate.[42]
Monitoring for pulmonary toxicity is also needed as the patients may have a dry cough, fever, or dyspnea.
Baseline chest radiographs are recommended to detect interstitial and alveolar infiltrates, hilar adenopathy,
pleural effusions, and pulmonary fibrosis.[43]

Therapeutic Drug Monitoring (TDM) of Methotrexate (MTX) in disease

TDM MTX

a Second-line
> Therapies

Laboratory and Non-Response (40%)
Clinical Parameters

Prediction MTX
non-response

Methotrexate may also cause reactivation of tuberculosis, so tests to eliminate the presence of tuberculosis
are required. Also, one should monitor for bone marrow toxicity as myelosuppression can occur due to
folate deficiency. A sudden dip in blood counts must alert one to that possibility. Key risk factors for
methotrexate toxicity include drug interactions and patient-specific factors such as serum albumin and
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serum calcium. Delayed methotrexate elimination complicates toxicity assessment, making dosing
adjustments based on area under the curve (AUC) a more reliable strategy for minimizing adverse effects.
These factors underscore the need for personalized approaches, including genetic screening and close
monitoring, to optimize methotrexate therapy and reduce the risk of adverse reactions.[44]

Toxicity:

Signs and Symptoms of Overdose

High-dose methotrexate (HDMTX) is the term for doses higher than 500 mg/mL. Patients may experience
nausea, mucosal ulceration, alopecia, fatigue, fever, increased risk of infection, leukopenia, GI bleeding,
pancreatitis, cirrhosis, aplastic anemia, malignancy (lymphoproliferative disorders), infections, interstitial
pneumonitis, renal impairment, and teratogenesis.[44]

Management of Overdose
Immediate leucovorin administration is required to manage MTX toxicity. Adequate hydration and urinary
alkalinization with sodium bicarbonate are also necessary for patients with acute kidney injury.

The 3 primary treatments for MTX toxicity are leucovorin, thymidine, and glucarpidase.[45] Leucovorin
is the reduced active form of folic acid that rescues normal cells from the toxic effects caused by MTX’s
inhibition of reduced folates.[46] Leucovorin is particularly effective in preventing myelosuppression,
gastrointestinal toxicity, and neurotoxicity during methotrexate treatment. Thymidine rescues cells from
the cytotoxic effects of MTX; however, its use is still under investigation and is always given together
with the other drugs. Glucarpidase converts methotrexate into the nontoxic metabolites DAMPA and
glutamate, thus rapidly removing methotrexate in patients with renal dysfunction. The combination of
glucarpidase and leucovorin is a typical therapy for MTX toxicity. A single dose of glucarpidase reduces
plasma methotrexate concentrations by 97% or more within 15 minutes. Hydration and urine alkalinization
are also continued in patients requiring glucarpidase. Leucovorin therapy should continue for 48 hours
after glucarpidase administration.[46]

Hemodialysis and hemoperfusion can also lower MTX levels. Intrathecal overdoses require CSF drainage
and exchange, steroids, antidotes, and suspension of the medications that interfere with methotrexate
clearance (eg, NSAIDs, salicylates, TMP, penicillin, warfarin, valproate, proton pump inhibitors,
cyclosporin, cisplatin).

According to the Extracorporeal Treatments in Poisoning (EXTRIP) guidelines on methotrexate
poisoning, extracorporeal treatments are generally not recommended in patients receiving standard-care
folinic acid rescue therapy. However, extracorporeal treatments may be considered in particular
circumstances, such as shortly after methotrexate infusion, significant overdose in a patient with kidney
failure, pregnancy, or iatrogenic errors like high-dose methotrexate administration to the wrong patient. If
extracorporeal treatment is necessary, intermittent high-efficiency hemodialysis is the preferred
method.[47]
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Special Populations and Considerations:
Renal impairment: since MTX is renally cleared, even mild impairment may increase toxicity risk; dose
reduction or switch to non-renal alternative may be needed.

Hepatic impairment: caution with pre-existing liver disease, viral hepatitis, heavy alcohol use, obesity
(non-alcoholic fatty liver disease).

Elderly: increased risk of toxicity (renal decline, comorbidities).

Pregnancy/breastfeeding: MTX is contraindicated in pregnancy; men should avoid fathering a child during
and for an interval after therapy (as per guidelines), and women must avoid for a specified period.

Vaccinations: Live vaccines are contraindicated during immunosuppression with MTX; inactivated
vaccines should ideally be given before initiation when possible.

Concomitant drugs: Many interactions e.g., NSAIDs may reduce renal elimination; PPIs may reduce
elimination; antibiotics like trimethoprim may potentiate effect.

Recent Advances and Future Directions:
Pharmacogenomics: Genetic polymorphisms in folate-pathway genes (eg MTHFR, ATIC, SLC19A1) are
being investigated to predict MTX response and toxicity.

Biomarkers: ~ Monitoring  intracellular ~ MTX-polyglutamate  levels to  correlate  with
outcome/responsiveness in RA is under study.

Novel delivery systems: Nanoparticle-based targeted delivery of MTX (for example macrophage-targeted
delivery in RA) is being explored.

Mechanistic research: There is emerging evidence (eg in activated RA fibroblast-like synoviocytes) that
MTX may paradoxically up-regulate some pro-inflammatory mediators (eg IL-1a, CSF2/GM-CSF) under
certain conditions, which could help explain toxicity or non-response.

Combination therapy strategies: In RA, MTX continues to serve as the backbone for combinations with
biologic DMARDs and targeted synthetic DMARDSs; optimizing dose/timing to maximise synergy and
minimise risk remains an active area of research.
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Optimization of dosing: Studies to determine the optimal "early escalation" of MTX and route (oral vs
subcutaneous) in RA.

Practical Clinical Tips:

1. Ensure correct counselling on dosing -especially emphasise weekly dosing in RA, not daily.

2. Start folic acid supplementation at the initiation of MTX.

3. Screen baseline labs (FBC, LFTs, renal, viral hepatitis).

4. Consider subcutaneous route if GI intolerance or absorption concerns.

5. Avoid alcohol or minimise strongly; monitor hepatic risk factors closely.

6. Use caution with concomitant renal/hepatic impairment and interacting drugs.

7. Monitor periodically (every ~8-12 weeks) for FBC, LFTs, renal function; more often if risk factors.

8. Educate patients to report signs of infection, cough/dyspnoea (possible pneumonitis), mucositis, unusual
bleeding/bruising, pregnancy.

9. In pregnancy planning: Stop MTX with adequate wash-out period (as per local guideline) and switch to
safer alternatives; involve rheumatology/obstetrics.

10. If using high-dose MTX (oncology), ensure rescue protocols, hydration/alkalinisation, MTX level
monitoring, and manage drug interactions/renal elimination.

Enhancing Healthcare Team Outcomes:

Measures to improve patient-doctor relationships and sustain treatment continuity should be discussed
with the patient before starting treatment with methotrexate to prevent morbidity to a greater extent and
increase the life expectancy in cancer patients. The risk of potentially life-threatening side effects,
hepatotoxicity, pulmonary toxicity, myelosuppression, and nephrotoxicity should be discussed with the
patients.

Advise the patient to call 911 immediately if they develop any signs of infection (immunosuppression),
experience coughing, wheezing, or shortness of breath (pulmonary toxicity), or notice unusual bleeding
(liver or bone marrow suppression).

Inform patients that adverse reactions such as dizziness and fatigue might affect their ability to drive or
operate machinery.

Inform patients of the risks of adverse effects across multiple organ systems, including gastrointestinal,
hematologic, hepatic, infectious, neurologic, pulmonary, renal, and dermatologic.

Advise patients for close follow-up.

Advise patients to avoid alcohol because of the increased risk of liver disease.

Advise patients that methotrexate can cause teratogenicity. Inform both female and male patients of
reproductive age that they should practice any 2 forms of birth control, such as abstinence, oral
contraceptives, or condom plus foam.

Discuss potential drug interactions, particularly salicylates and over-the-counter NSAIDs.

Warn patients about the possible development of malignancy, specifically lymphoma.

Discuss the importance of proper dosing and administration, that the recommended dose is once weekly,
and that improper daily use of the recommended dose has led to fatal toxicity. Make sure that patients fully
understand the necessity for close follow-up and monitoring for toxicity.[21]

If an accidental overdose occurs, an antidote is available (leucovorin rescue).

Methotrexate can be an effective drug when used appropriately. Still, given its propensity for drug-drug
interactions and adverse effects, the collaborative efforts of the entire interprofessional healthcare team
are necessary to achieve optimal therapeutic results. This team includes clinicians, specialists, nursing
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staff, and pharmacists, each providing input based on their discipline to enhance patient benefit while
preventing adverse drug outcomes.

Conclusion:

Methotrexate remains a foundational drug in modern medicine bridging oncology and immunology. Its
dual mechanisms (cytotoxic at high doses, immunomodulatory at low doses) allow its use across a broad
spectrum of diseases. However, its therapeutic window is narrow and the spectrum of potential toxicity
significant. With appropriate patient selection, monitoring, folate supplementation and patient education,
MTX delivers substantial benefit (especially in RA) at relatively low cost. Ongoing research into
pharmacogenomics, biomarkers, and novel delivery systems promises to further optimise its use, improve
response rates, and reduce adverse effects. Clinicians must remain vigilant for toxicity, avoid complacency,
and treat MTX with the respect it demands.
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