CHAPTER 25

METHOTREXATE

Methotrexate (MTX) is a derivative of aminopterin,
an analogue and antimetabolite of folic acid.! In 1951
Gubner et al. recognized aminopterin to be effective
in the treatment of psoriasis.? This led to the develop-
ment of the more stable and less toxic derivate, meth-
otrexate’ MTX was licensed for treating psoriasis
at the beginning of the 1970s in the United States.*
It has been used effectively for many other diseases,
including collagen vascular diseases, cutaneous T cell
lymphomas, atopic dermatitis and blistering disorders.®

PHARMACOLOGY AND PHARMACOKINETICS

Methotrexate (4-amino-N10 -methyl pteroglyglutamic
acid) is a folic acid analogue with a similar structure
to folic acid.” It can be administered orally, subcuta-
neously or intramuscularly.*> MTX has good oral bio-
vailability. It is rapidly absorbed in the gastrointestinal
tract, primarily in the proximal jejunum.> Orally ad-
ministered MTX is absorbed via the GI tract and passes
through the portal vein to the liver. While parenterally
administered MTX would also enter the liver via the
hepatic artery.”

In the circulation, the drug and its primary active
metabolite, 7-hydroxymethotrexate are approximate-
ly 35-50 % and 90-95% protein bound, respectively.**
Maximum blood levels of MTX occur 1-2 h after ad-
ministration. A total of 50-90 % of the drug is excreted
unchanged in the urine after 24 h.> MTX has been
reported to cause slight decreases in the clearance of
creatinine in romatoid artritis patients during the first 6
months of treatment, but the precise mechanism of this
effect is unclear. In patients who have received long-term
MTX treatment, the effect of MTX itself on renal
functions must be considered when other causes for a
reduced serum creatinine level have been ruled out.”

Excretion of MTX is inhibited by weak organic acids
such as aspirin, nonsteroidal antiinflammatory drugs,
piperacillin, penicillin G, and probenecid. Cephalo-
sporins may also inhibit renal excretion, propably by
competition for tubular secretion.’

In adults, MTX absorption has not been found to be
affected by food in most investigations.® However, a
single report did find an unquantifiable but significant
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decrease in serum MTX concentrations when given
with food.” Absorption may be reduced in a setting
of intestinal pathology, such as inflammatory bowel
disease, shortened bowel, or other malabsorption
syndromes.'°

Bioavailability is relatively high, but there is individu-
al varijability among patients. The absorption of MTX
administered orally at 7.5 mg/week is roughly equiva-
lent to that of parenterally administered drug, but the
absorption of oral MTX drops off by as much as 30%
when the weekly dose is 15 mg or greater. The bioavail-
ability of intramuscular (im) and subcutaneous (sc)
MTX is similar to that of intravenous (iv) MTX.!°

MECHANISM OF ACTION

The drug has a role in inhibiting dihydrofolate reductase
(DHFR) and, therefore, in the activation of folic acid.
This leads to the inhibition of the activity of thymi-
dylate synthase which is a necessary component for the
synthesis of purines and pyrimidines, and thus for the
synthesis of DNA.! Other immunsuppressant effects of
the drug include the inhibition of T and B lymphocytes,
suppression of proinflammatory cytokines, and inhi-
bition of chemotaxis of neutrophils and monocytes.?
MTX inhibits 5-aminoimidazole-4-carboxamide ribo-
nucleotide (AICAR) transformylase, which catalyzes
one of the final stages of de novo purine synthesis. In-
hibition of AICAR transformylase leads to increased
levels of AICAR, which in turn results in a net increase
in intra- and extracellular adenosine. Adenosine have
potent anti-inflammatory effects on a number of
different target cells.>" It inhibits the oxidative burst
in neutrophils and monocytes, and inhibits including
tumor necrosis factor-alpha, interleukin (IL)-10 and
IL-123.1112

The other effects of MTX: The drug could induce in
vitro apoptosis of mitogen activated CD4+ and CD8+
lymphocytes, but not resting T cells. It has a signif-
icant suppressive effect on neutrophil chemotaxis,
It reduces the numbers of macrophages and inflam-
matory cells in synovial tissue, it reduces intracellu-
lar adhesion molecule-1 (ICAM-1) and vascular cell
adhesion molecule-1 (VCAM-1) in synovial tissue, it
decreases metalloproteinase-1 production, which is
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lymphoma, and nearly 3-fold increase in lung cancer.'”®

The risk of development of squamous cell carcinoma
may increase in patients treated with psoralen puls ul-
traviolet A therapy.’

Infections

Reactivation of tuberculosis and hepatitis are reported
in patients on low-dose MTX. MTX is considered to be
safe in the setting of HIV, given there is close monitor-
ing of patients for signs of infections, although its use in
this group of patients remains controversial.’

Osteoarticular complications

Long-term high doses of MTX may reduce bone
density. Osteopathy induced by MTX is characterized
by bone pain, osteoporosis, and fractures (particularly
of the distal tibia and vertebral region).'?

Drug interactions

Numerous medications may interact with MTX by a
variety of mechanisms that can result in elevated drug
levels, thereby increasing the risk of toxicity as sum-
marised in table 2.2

Table 2.

Reduced renal elimination of MTX

Ciclosporin

Salicylates

Sulphonamides

Probenecid

Penicillin

Colchicine

Cyclooxygenase inhibitors

Increased myelosuppression and digestive
disorders

Ethanol

Cotrimoxazole

Pyrimethamine

Chloramphenicol

Sulphonamides

Cyclooxygenase inhibitors

Cytostatics

Cytostatics Separation of the MTX molecule from the
plasma complex of the drug-binding protein

Cyclooxygenase inhibitors

Probenecid

Barbiturates

Phenytoin

Retinoids

Sulphonamides

Tetracyclines

Cotrimoxazole

Chloramphenicol

Sulphonylurea derivatives

Intracellular accumulation of MTX

Dipyridamole

Increased hepatotoxicity

Retinoids

Ethanol

Leflunomide

Methotrexate intoxication

When MTX intoxication is suspected, calcium fo-
linate/folinic acid/citrovorum factor (leucovorin) 20
mg (10 mg/m2) must be administered as rapidly as
possible parenterally (im,iv). Inpatient monitoring of
renal and bone marrow function is required. Folinic
acid administered every six hours in the same dosage
until the MTX serum level has dropped below 10-8 M.*

Discontinuation of therapy

Therapy must be discontinued when severe unwanted
side effects, pregnancy or severe infections occur.*
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