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Abstract. Methotrexate (MTX) is a folic acid analog with 
anti‑proliferative (anti‑neoplastic, cytotoxic), immunosuppr
essive and anti‑inflammatory properties, which has been used in 
the treatment of various cutaneous disorders, such as psoriasis, 
keratoacanthoma, pityriasis rubra pilaris, atopic dermatitis, 
mycosis fungoides, bullous skin diseases, systemic sclerosis, 
morphea, lupus erythematosus, dermatomyositis and crusted 
scabies. Inhibition of cell proliferation is explained through its 
role in blocking DNA/RNA synthesis, by inhibiting dihydro
folate reductase, necessary for the production of pyrimidine 
and purine nucleotides. An anticancer effect can be related 
to α‑oxoaldehyde metabolism (MTX increases methylglyoxal 
levels). Its anti‑inflammatory property is based on the 
inhibition of 5‑aminoimidazole‑4‑carboxamide ribonucleotide 
transformylase, thus increasing intracellular and extracellular 
adenosine, a purine nucleoside with anti‑inflammatory 
effect. This drug can limit inflammation by scavenging free 
radicals and decreasing malondialdehyde‑acetaldehyde 
protein‑adduct production. Moreover, the anti‑proliferative 
and anti‑inflammatory effects can also be related to inhibition 
of the DNA methylation pathway, thus inhibiting methionine 
formation. The aim of the present study was to report 
various dermatological cases from our daily practice that 

demonstrate the efficacy of MTX in the treatment of cutaneous 
diseases, highlighting different mechanisms of action: its 
anti‑inflammatory effect in psoriasis and its anti‑proliferative, 
and anti‑neoplastic effect in well‑differentiated squamous 
cell carcinoma or in keratoacanthoma. Moreover, different 
administration pathways and doses are addressed. Assessment 
of the treatment plan, clinical improvement of cutaneous 
lesions, biologic evaluation, final aesthetic result, quality of life, 
as well as potential adverse effects and drug tolerance related to 
each case mentioned.

Introduction

Methotrexate (MTX) (amethopterin or 4‑amino‑N10‑methyl 
pteroylglutamic acid) is a folic acid analog, whose effects 
can be classified into anti‑proliferative [dihydrofolate redu
ctase (DHFR)‑mediated] and anti‑inflammatory effects 
(non‑DHFR‑mediated) (1).

In the center of the anti‑inflammatory pathway is a purine 
nucleoside known as adenosine, which has the capacity to fight 
against the inflammatory process (2). The antiproliferative, 
antineoplastic, and cytotoxic effects are based on decreased 
nucleic acid formation in activated T cells and in keratino-
cytes (3).

The aim of the study was to synthesize the most relevant 
information regarding the mechanism of action of MTX in 
dermatological pathology, demonstrating each of them with 
representative clinical cases.

MTX and MTX polyglutamates (MTXPGs) molecules have 
the ability to inhibit a folate‑dependent enzyme, involved in 
purine nucleotides synthesis, termed 5‑aminoimidazole‑4‑car-
boxamide ribonucleotide (AICAR) transformylase (1,2,4‑6).

This enzyme is involved in the transformation of AICAR 
in formyl‑AICAR, a purinic DNA precursor. Thus, in the 
absence of the function of this transformylase, AICAR 
accumulates within the cell, which results in the inhibition of 
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adenosine deaminase, leading to elevated levels of adenosine 
in the extracellular space (1,2,4,5).

Adenosine is the key molecule regarding the anti‑inflam-
matory response of MTX (2). The anti‑inflammatory effect is 
the result of the interaction of adenosine with adenosine recep-
tors on the cell surface, a mechanism that inhibits leukocyte 
chemotaxis, oxidative inflammation in neutrophils/monocytes 
and cytokine synthesis from monocyte/macrophages (TNF‑α, 
IL‑6,‑8,‑10 and  ‑12)  (1,2,4,5). Moreover, IL‑1, IL‑4, IL‑13 
and INF‑γ release is decreased (1,2,5). Adenosine receptors, 
also called P1 receptors, can be divided into A1, A2a, A2b 
and A3 (2). The A2a receptor is associated with the greatest 
anti‑inflammatory effect (2,7). MTX promotes apoptosis in 
activated CD4+ T lymphocyte and reduces neovasculariza-
tion (5). The combination of malondialdehyde (MDA) and 
acetaldehyde (AA) can lead to malondialdehyde‑acetaldehyde 
(MAA)‑protein‑adduct, markers of oxidative stress. It was 
previously shown that, by decreasing the production of these 
compounds and by scavenging free radicals, MTX could have 
an additional anti‑inflammatory effect (8‑12). The anti‑inflam-
matory effect of MTX was demonstrated in diseases such 
as psoriasis (moderate to severe en plaque lesions, psoriatic 
arthritis, erythrodermic and pustular forms), bullous diseases, 
vasculitis, atopic dermatitis, lupus erythematosus, rheumatoid 
arthritis and sclerodermia (3,5).

Case reports

Case 1: Chronic plaque psoriasis vulgaris. A 57‑year‑old male 
patient presented for a disseminated eruption involving the 
trunk and the limbs, including the elbows and the knees, which 
was evolving for a few months. The patient was diagnosed with 
psoriasis vulgaris for more than 30 years, with lesions affecting 
a small body surface (mainly elbows and knees), for which 
he was treated with topical therapies (vitamin  D analogues, 
topical corticosteroids and emollients). The evolution of the 
disease was chronic, with remissions and relapses until a few 
months before, when the lesions became more disseminated 
and severe.

Clinical examination revealed multiple erythematous, 
well‑demarcated large plaques, with a thick ivory‑white scale 
covering the lesions, mildly pruritic. Auspitz sign and wax 
candle sign were present as well. The scalp and the genitalia 
were spared. The nails of the hands had typical psoriatic 
signs, such as thickening of the nail plate, distal onycholysis 
and a yellow colour (oil spot sign). The patient did not have 
any arthralgia or joint swelling and he was otherwise healthy. 
Evaluation of the lesions concluded with a Psoriasis Area and 
Severity Index (PASI) of 32.4 points.

Blood test evaluation (hemogram parameters, transami
nases, serum urea and creatinine, total and direct bilirubin, 
alkaline phosphatase) was within normal values. The tests for 
hepatitis B/C and HIV were negative. The patient was prescribed 
oral MTX of 15 mg/week in a single dose, concomitant with 
folic acid administration (5  mg/day, excepting the day of 
administration of MTX).

During the treatment, the hemogram, the hepatic and renal 
tests had normal values, including those made just after the 
beginning of the therapy, with a good tolerance of the drug 
(only a mild nausea). The drug was well‑tolerated (only a 

mild nausea) and a gradual improvement with regard to the 
cutaneous lesions was observed. After 5 months of treatment, 
clinical evaluation revealed a PASI of 5.0 points. The aspect of 
the nails remained stable, without significant benefit. Although 
the renal and hepatic functions were unaffected by the therapy, 
the medium corpuscular volume (MCV) had an abnormally 
lower value than it had been before. Taking into consideration 
the PASI 75 improvement, MTX administration was 
interrupted, in order to prevent any possible adverse events, 
related to bone marrow toxicity. The patient was prescribed 
a topical combination of calcipotriol/ betamethasone gel for 
1 month, resulting in a PASI reduction until 0.7 points.

Administration and pharmacokinetics of MTX in psoriasis 
vulgaris. The route of administration can be oral, intramuscular 
or subcutaneous, and on a weekly basis. The i.v. route is also 
available for some products (MTX 100 mg/ml; Hospira UK 
Ltd., SmPC, Maidenhead, UK), whereas other products are 
only for s.c. use (Nordimet SmPC, Berkshire, UK).

In case of oral intake of the drug, the possibility of dividing 
the dose into three equal parts taken every 12 h during a 
24‑h period, may help to reduce digestive adverse events (3). 
The parenteral administration can also help the patient 
regarding digestive tolerance (4).

After administration, the highest serum concentration 
is achieved in 1‑2 h, being faster for the the intramuscular 
pathway (<1 h) (3).

In the blood, the drug circulates into two forms (MTX 
and its active form 7‑OH  MTX), bound to albumin at a 
percentage of 50‑70% (4,5). The serum half‑life of the drug 
is 6‑7 h, but longer for MTXPGs, which are the long‑acting 
active metabolites and which can last several months (4,5,13). 
Moreover, within 24 h after administration, up to 80% of the 
amount of the molecule is eliminated unchanged through renal 
system (4,5). Patients taking salycilates, sulphonamides, tetra-
cycline, chloramphenicol and other drugs, are at great risk of 
toxicity, considering the fact that albumin binding of MTX is 
reduced (3). Moreover, other therapies such as ciclosporin, and 
NSAIDs, reduce kidney excretion of MTX and may increase 
its levels in the body and the risk of side effects (3). For the 
majority of cutaneous diseases treated using MTX, the usual 
dose can be between 10 and 25 mg/week, with an average dose 
of 15 mg/week (5). MTX therapy needs several weeks until 
its efficacy is proved, considering the fact that it has a slow 
action (3).

Adverse effects of MTX and management regarding the 
therapy in psoriasis vulgaris
Hepatotoxicity. Hepatic toxicity refers to abnormal trans
aminases, hepatic fibrosis and cirrhosis. The fibrosis can be 
reversible in case of drug intake cessation (5,14). Patients at 
risk are heavy drinkers, those with abnormal transaminases, 
with hepatic disease, hepatitis B  and  C, those taking 
other hepatotoxic therapies, obese or are diabetic  (5,15). 
Pretreatment assessment is based on transaminases, alkaline 
phosphatase, bilirubin and albumin, as well as serologic tests 
for hepatitis B and C. Hepatic test have to be repeated every 
month in the first 6 months and then every 1‑2 months (5).

Hepatotoxicity is dose‑related; however, there is contro-
versy about hepatic biopsy. Subsequently, if hepatic risk 
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factors are absent, a hepatic biopsy is recommended after a 
cumulative dose of 3.5‑4 g of MTX (16,17). Moreover, the 
SmPC for Nordimet (approved by the European Medicines 
Agency) states that there is no evidence to support the idea of 
performing a liver biopsy in evaluating liver toxicity in rheu-
matological patients treated with MTX (18). This drug cannot 
be administered if the patient is alcoholic, if hepatic function 
tests reveal anomalies and in case of hepatitis B and C, diabetes 
mellitus, obesity, or simultaneous intake of other drugs, which 
can affect the liver.

At present, periodic evaluation of serum procollagen 
type III N‑terminal peptide (PIINP) in countries where it is 
available and considering the fact that elevated levels can be 
associated with fibrotic liver damage, are useful in avoiding 
invasive liver biopsies  (3). Moreover, SmPC for Nordimet 
states that ‘further research is needed to establish whether 
serial liver chemistry tests or propeptide of type III collagen 
can detect hepatotoxicity sufficiently’ (18).

Haematologic toxicity. Bone marrow suppression induced 
by MTX can result in leukocytopenia, trombocytopenia, 
pancytopenia and megaloblastic anemia (4).

Patients that are more prone to developing hematologic 
adverse events are those with renal impairment, a decreased 
level of serum albumin, or those taking drugs that interact 
with MTX, age above 65 years and patients suffering from 
other systemic conditions and infections (5,19). Pretreatment 
evaluation of a patient includes complete blood cell count, 
which is repeated after the first week of therapy, followed by 
measurements every 2 weeks for the next 2 months, and then 
every 2‑3 months (3,5). An HIV test is mandatory.

The drug cannot be administered in case of blood test 
anomalies (leukocytes <3,500/mm3, platelets <100,000/mm3), 
or immunodeficiency syndromes (HIV) (5). Elevation of the 
value of MCV is a reliable sign of bone marrow toxicity and 
requires a supplementation of acid folic dosage and a decreased 
MTX dosage (4). Moreover, mucositis is a cutaneous disorder 
that predicts the risk of pancytopenia, which can be prevented 
by folic acid supplementation (4,5). Other suggestive signs of 
pancytopenia are cough, breathing difficulty, bleeding, fever, 
nausea, and cyanosis (3). Myelosuppression usually occurs in 
case of inadequate dose intake (daily dose instead of weekly); 
thus, proper information regarding weekly administration of 
MTX should be given to the patient (5).

Gastro‑intestinal toxicity. Patients may experience nausea, 
vomiting, less often diarrhea and mucositis (5). Measures, such 
as dose‑splitting, concomitant folic acid administration or other 
route than orally can help curtail digestive intolerance (4,20). 
The drug cannot be taken by individuals with acute peptic 
ulcer (3).

Importance of renal function. Considering that MTX 
is excreted through kidney, an abnormal renal function may 
result in high levels of MTX and thus, several adverse effects. 
Baseline evaluation prior to treatment should include blood 
urea nitrogen, serum creatinine, urinalysis and determination 
of creatinine clearance (24‑h urine or using Cockrogt‑Gault 
equation)  (5). Patients with severe renal insufficiency 
(Glomerular Filtration Rate <10 ml/min) or those on dialysis 
cannot take MTX (5). A GFR >10 ml/min requires a dose 
reduction (5). The recommendation is to repeat the renal func-
tion tests (BUN, creatinine) every 2 months (5).

Other possible adverse effects. A patient taking MTX 
can also experience fatigue, headaches, dizziness, nausea, 
malaise, anorexia, alopecia, or accentuation of sun‑induced 
redness  (4,5). Pulmonary side effects are represented by 
pulmonary fibrosis and acute pneumonitis (5). The drug is 
contraindicated in pregnant women or during breastfeeding, 
because of the potential teratogenicity, respectively, the risk of 
secretion in the breast milk. The drug can induce spontaneous 
abortion during the first trimester of pregnancy (5,21).

Men can be affected by reversible oligospermia and 
possible genetic anomaly of the fetus may also occur (5,21). 
Pretreatment evaluation includes pregnancy test, which should 
be periodically repeated. Patients are advised to wait one 
ovulatory cycle (in the case of a woman) or 3 months (if the 
patient is a man) until conception (5,21).

Other important aspects regarding the treatment. Folic and 
folinic acid supplementation during the treatment with MTX has 
been controversial, with claims that it may reduce the efficacy 
of MTX (22,23), as well as claims that it is beneficial (24). A 
Cochrane review concluded that there is some safety advantage 
in using folic or folinic supplementation (25). It can decrease 
the risk of myelosuppression, the risk of stomatitis, hepatic 
toxicity and enhances gastro‑intestinal tolerance. There are 
several approaches regarding the administration regimen of 
folic acid, but usually the dose ranges between 1 and 5 mg, 
with the possibility of increasing the dose of folic acid in case 
of severe MTX‑induced toxicity (5).

In case of any overdose of MTX, the drug of choice is 
folinic acid, a reduced folic compound, whose action is inde-
pendent of DHFR and which does not need activation (3). A 
Cochrane review published in 2014 concluded in the abstract 
that ‘It does not appear that supplementation with either folic 
or folinic acid has a statistically significant effect on the 
efficacy of MTX in treating RA (as measured by RA disease 
activity parameters such as tender and swollen joint counts, 
or physician's global assessment scores)’ (25). Other treatment 
options are also available for psoriasis (26,27).

The antiproliferative effects
General information. As a folic acid analog, the molecule of 
the drug suffers similar transformations as folates. MTX is 
a prodrug and it needs the reduced folate carrier to facilitate 
its penetration into the cell, the place where it is activated in 
MTXPGs through the action of folylpolyglutamate synthe-
tase, by adding glutamate groups  (1,3,28). MTXPGs are 
long‑acting metabolites that persist for months, which explains 
the prolonged effect and the need for only weekly adminis-
tration (2,4). The substance is characterized with affinity to 
fibroblast, red blood cells, myeloid cells, and liver cells (5,13).

MTX and MTXPGs derivatives inhibit cellular replication 
by inhibiting folate acid‑dependent enzymes. Those involved 
in the pyrimidine production are DHFR and thymidylate 
synthetase, whereas those related to purine synthesis are 
AICAR transformylase and glycinamide ribonucleotide (GAR) 
transformylase. Moreover, DNA methylation is affected by the 
inhibition of methionine synthase, an enzyme involved in the 
transformation of homocysteine in methionine (4,5)

DHFR is an important enzyme involved in the activation 
of folate compounds, more specifically in the reduction of 
DHFR in THF. DNA and RNA synthesis is based on purine 
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and pyrimidine nucleotide formation, which in turn requires 
the presence of THF to act as a co‑factor for many enzymatic 
reactions (1,4,5).

Moreover, DNA synthesis can be impaired through the 
reduction of thymidylic acid synthesis, through inhibition of 
thymidylate synthetase. This pathway does not affect ARN 
synthesis, because thymine is a pyrimidine nitrogenous base 
found only in the DNA structure. The drug is characterized by 
a specificity regarding the cell cycle, as it is active only in the 
S‑phase (4,5,13).

An anticancer effect, as well as toxic effects, can be 
associated with α‑oxoaldehyde metabolism. Thus, MTX 
increases the methylglyoxal level, which contributes to 
the glycation of biomolecules, a pathway associated with 
antineoplastic results  (1,8). Moreover, increasing oxidative 
stress within the cell leads to MTX promoting apoptosis and 
inhibiting proliferation (1,29).

Thus, the antiproliferative, cytotoxic effect of MTX was 
demonstrated in the treatment of keratoacanthoma.

Case 2: Keratoacanthoma of the nose. A 72‑year‑old female 
patient was referred for a nodule located on the tip of the nose, 
rapidly evolving over the past 3  weeks and whose clinical 
appearance was suggestive of keratoacanthoma (Fig. 1). The 
patient admitted having a similar lesion on the nose one year 
before, which reappeared three times and which was treated 
each time using electrocauterization. Clinical examination 
revealed an erythematous, well‑demarcated nodule, 2.5 cm in 
diameter, with a crateriform hyperkeratotic core.

The patients received 3 injections with intralesional MTX 
every 2 weeks, with a total dose of 60 mg. The tumor was 

injected in four quadrants with 2 ml of MTX (a concentra-
tion of 10 mg/ml) until blanching was achieved. During the 
treatment, a progressive regression of the lesion was evident. 
A complete remission was obtained after the third injection, 
with a good tolerance of the drug and without adverse effects. 
At the end of the therapy, only a minor defect was present on 
the nose (Fig. 2); thus, the patient was sent to the Department 
of Plastic Surgery, in order to evaluate the esthetic result, the 
oncologic safety of the lesion and histopathological evaluation.

Case 3: Keratoacanthoma of the nose. A 69‑year‑old female 
patient presented with a red dome‑shaped nodule, 1.5 cm in 
diameter, near the alar crease of the nose, with a fast evolution 
within 2 months (Fig. 3). Clinical examination was consistent 
with the diagnosis of keratoacanthoma.

The therapeutic approach was based on only one injection 
with intralesional MTX (1 ml of a 12.5 mg/ml) injected in 
4 quadrants and at the base of the tumor, until a whitish color 
was observed. After 2 weeks, the nodule began to shrink and 
to develop a central necrosis, followed by spontaneous rupture 
from the base and a complete remission (Fig. 4). The patient 
did not experience any adverse effect during the therapy and 
no recurrences were evident within the first year of follow‑up.

Discussion

Administration in keratoacanthoma. Keratoacanthoma is a 
cutaneous disorder affecting mainly the sun‑exposed parts 
of the body of older patients, clinically presenting as an 
erythematous round nodule with sharp demarcation, which 
has a typical crateriform keratotic core. In the literature, this 
tumor is considered either a sub‑type of well‑differentiated 

Figure 2. After receiving 3 injections complete remission was achieved after 
the third injection. At the end of the therapy, only a minor defect was present 
on the nose.

Figure 1. A 72‑year‑old female patient presented with a nodule located on the 
tip of the nose, whose clinical appearance was suggestive of keratoacanthoma.

Figure 3. A 69‑year‑old female patient presented with a red dome‑shaped 
nodule, 1.5 cm in diameter, near the alar crease of the nose, which was con-
sistent with the diagnosis of keratoacanthoma.

Figure 4. The therapeutic approach was based on only one injection with 
intralesional MTX. After 2 weeks, the nodule began to shrink and to develop 
a central necrosis, followed by spontaneous rupture from the base and a 
complete remission.
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squamous cell carcinoma, or a squamous lesion that can 
spontaneous involute. Even though complete surgical excision 
is the treatment of choice, intralesional MTX has proven its 
benefits in various cases of large keratoacanthoma of the face, 
significantly reducing the tumor size before surgical excision, 
with superior aesthetic results (30,31).

The therapy of keratoacanthoma with intralesional 
administration of MTX is an ‘off‑label’ indication, being 
based on a number of cases reported in the literature. The 
dose is 1  ml of solution with different concentrations, 
depending on tumor dimension (5,  12.5  and  25  mg/mg) 
injected into four quadrants, until blanching. The reduction 
depends on every single case, but usually 1‑4  injections 
are needed in order to achieve an optimal result. There is 
no fixed recommendation regarding the interval between 
doses; thus, the sessions can be repeated every 7‑49 days 
(an average of 2‑3 weeks). The complete response rate was 
92% based on a series of 38 cases (more than half from the 
literature), but it might be influenced to a certain extent by 
publication bias (30,31).

Adverse effects of MTX in keratoacanthoma. Even though 
there is no consensus regarding the evaluation before 
intralesional therapy as the one in psoriasis vulgaris, it is 
recommended to exclude those patients in whom the treatment 
might be contraindicated. Usually, the intralesional therapy is 
well‑tolerated, without significant adverse effects, compared 
to those encountered in the systemic administration of MTX. 
Nevertheless, pancytopenia occurred in 2 patients who had 
severe renal impairment (32,33)

The immunosupresive effect. MTX effects are related to 
inhibition of two types of immune responses: humoral immune 
response (antibody‑mediated) and cellular immune response 
(lymphocyte mediated), by reducing lymphocites migration 
in the skin, and modulating intra‑ and intercelluar signaling. 
By decreasing the level of cytokines such as TNF‑α, IL‑10, 
IL‑12, it can be effective in several immune‑mediated skin 
disorders (4).

This study highlights the various mechanisms of action of 
MTX in different skin diseases. We explain both the thera-
peutic and possible side effects of MTX in intralesional and 
non‑intralesional routes of administration. In our opinion, 
illustrating with clinical cases from our professional experi-
ence may be explanatory for the intricate pathways through 
which MTX exerts its anti‑inflammatory and anti‑proliferative 
actions.
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