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ABSTRACT
Methotrexate (MTX) is a folic acid a n a -
l ogue with antipro l i fe rat ive and anti -
inflammatory effects. In the past sever -
al years, MTX has become the most
commonly used agent in patients with
s eve re, d e s t ru c t ive psori atic art h ri t i s
( P s A ) , with positive clinical re s u l t s .
Liver changes and serum enzyme level
increases do not seem to be a major
problem in PSA patients treated with
MTX. In addition, PSA patients treated
with low-dose MTX were not associat -
ed with pulmonary fibrosis as evaluat -
ed by means of sensitive imaging tech -
niques and pulmonary function tests.
The concomitant use of folic acid re -
duces both the frequency of serum liver
enzyme level increases but also the effi -
cacy of MTX by competing with the fo -
late receptors.

Introduction
M e t h o t rex ate (MTX) is a folic acid
analogue originally synthesized in the
1940s which is designed to inhibit di-
hy d ro fo l ate reductase (1). Reduced
folate (tetrahydrofolate) is the proximal
single carbon donor in several reactions
involved in the de novo synthetic path-
ways for the purine and pyrimidine pre-
cursors of DNA and RNA required for
cell proliferation. Furthermore, tetrahy-
drofolate is involved in a second impor-
tant biochemical step: the methionine-
h o m o cysteine cy cl e, wh i ch is neces-
sary to provide a methyl group for sev-
e ral dow n s t ream reactions such as
m e t hy l ation of DNA , R NA pro t e i n s
and others. Therefore, MTX has been
used extensively for the treatment of
neoplastic diseases. 
A serendipitous observation in 1951
that the folate analog aminopterin in-
duced striking therapeutic benefit in
rheumatoid arthritis (RA) and psoriasis
(2) led to ex p l o ration of the use of
MTX in non-neoplastic diseases. The
initial rationale for MTX was that it
inhibited proliferation of the lympho-
cytes and other cells which caused joint
and skin inflammation. 

The following 20 years saw confirma-
tion of the efficacy of both aminopterin
and MTX in psoriasis in several clini-
cal trials, as well as recognition of the
reduced toxicity of MTX using a week-
ly schedule. The daily oral schedule for
MTX used in the 1960s was found to
lead to frequent toxicity and was re-
placed by a weekly oral dose schedule
in the 1970s. Initially we e k ly MTX
was commonly given intravenously, but
by the 1970s it had been almost com-
pletely replaced by oral and, to a much
lesser extent, intramuscular dose sche-
dules (3). The pri m a ry objective of
MTX in psoriasis ap p e a red to be to
c o n t rol the excess rate of ep i d e rmal pro-
l i fe ration and the underlying infl a m-
mation that exist in the disorder. Subse-
quent studies using oral and parenteral
MTX demonstrated favorable clinical
responses in patients with a severe des-
tructive inflammatory reaction in psori-
atic arthritis (PsA). 

Antiinflammatory effects of MTX
Recently, MTX has been shown to have
a va riety of antiinfl a m m at o ry effe c t s
( 4 ) , wh i ch may rep resent its centra l
role in RA and psoriasis. There are few
studies suggesting any specific effect
of MTX on the T-cell number or func-
tion in RA patients. Howeve r, M T X
exerts clear inhibitory effects in vivo
and in vitro on neutrophils and mono-
cytes/macrophages, that are believed to
play a central role in RA pat h o p hy s i o l o-
gy and infl a mmatory synovitis (5-7).
MTX does block tetrahydrofolate-de-
pendent steps in cell metabolism. Since
tetrahydrofolate and polyglutamyl deri-
vatives of tetrahydrofolate are involved
in purine biosynthesis, several conse-
quences can appear which terminate in
adenosine overproduction. The antiin-
flammatory effects of MTX appear to
be related to an increase in extracellular
adenosine and its interaction with spe-
cific cell surface receptors (8).
It has been specifically demonstrated
t h at adenosine inhibits ly m p h o cy t e
proliferation, the production of TNF-
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alpha, IL-8 and IL-12, and increases
s e c retion of IL-6 and IL-10, via A 2
receptor binding (9). Binding of adeno-
sine to A3 receptors leads to the inhi-
bition of secretion of TNF, IL-12 and
IFN-gamma (10). Therefore, binding of
adenosine to A2 and A3 receptors ap-
pears to provide one of the important
a n t i i n fl a m m at o ry mechanisms of MTX.
In addition, a significant increase of IL-
1Ra was observed with the low-dose
MTX tre atment of human culture d
m o n o cytic THP-1 cells, s u gge s t i n g
p o s s i ble IL-1Ra-mediated antiinfl a m-
matory effects of MTX on monocytes
(11). 
MTX effects have been observed on
m e t a l l o p roteases and their inhibitor
levels, and have been suggested to re-
p resent an indirect effect due to an
MTX-associated alteration of the cyto-
kine milieu rather than a direct influ-
ence on gene expression (8).
Recent data suggest that disruption of
the cell cy cle caused by high-dose
MTX treatment may be the initial step
of the apoptotic sequence of dying cells
and may explain the antiproliferative
e ffects of the drug (8). In add i t i o n ,
MTX poly g l u t a m ate derivat ives may
i n t e r fe re with purine and py ri m i d i n e
metabolism and explain the long-term
antiproliferative effects following low-
dose treatment with MTX once a week
(8). The antiinfl a m m at o ry effects of
MTX seem to be at least part i a l ly
linked to antiproliferative and apopto-
sis-related mechanisms.
Finally, MTX actions on cyclooxyge-
nase and lipoxygenase may lead to fur-
ther indirect antiinflammatory actions
of MTX in RA (8). 

MTX in psoriatic arthritis: A 
historical overview of the clinical
studies
Fo l l owing the initial study in 1951,
subsequent reports demonstrated favor-
able clinical responses to oral or par-
enteral MTX, with relatively low toxic-
ity, in patients with PsA (12).
In 1964 a double blind placebo-con-
t rolled study compared pare n t e ral MTX
(three intramuscular doses of 1-3 mg/
Kg at 1-day intervals) with placeb o
over 3 months in 21 PsA patients who
had active skin involvement and peri-

pheral arthritis. MTX effectively sup-
p ressed both skin and joint invo l ve-
ment, as well as improving the erythro-
cyte sedimentation rate (ESR). A 30%
incidence of adverse events was seen
that did not require cessation of therapy
(13).
In 1983 the response of PsA to MTX
was eva l u ated re t ro s p e c t ive ly in 59
c o n s e c u t ive patients. Initially almost
all re c e ived 15 mg we e k ly (14); the
dose was gradually reduced when clini-
cal improvement was seen. MTX was
discontinued in 7 patients within a year
due to adverse reactions. The remain-
ing 52 patients were treated for 1 to 11
years (median 3 years). A modest im-
p rovement was seen in 21 pat i e n t s ,
while signs of inflammatory joint dis-
ease almost disappeared in the other 22
p atients. The favo rable response wa s
associated with a short disease dura-
tion, but was unrelated to the severity
of the disease (14). 
In 1984, 37 patients with PsA were en-
tered into a 12-week prospective, con-
t ro l l e d, d o u bl e - blind multicenter tri a l
c o m p a ring placebo and oral pulse
MTX therapy (15). MTX was given in
a dose of 2.5 – 5.0 mg every 12 hours in
3 consecutive doses per week. A stable
background medication program with
n o n s t e roidal anti-infl a m m at o ry dru g s
was allowed. MTX was found to be
superior to placebo only in the physi-
cian's assessment of art h ritis activ i t y
and in improvement of the amount of
skin surface area with psoriasis. A
small but statistically significant rise in
s e rum total bilirubin occurred in the
M T X - t re ated patients. No pat i e n t s
were withdrawn from the study for ad-
verse drug effects (15).
In 1992, a report indicated that 38 out
of 40 PsA patients (95%) treated with
low-dose, weekly therapy (mean dose
of 11.2 mg/) experienced and excellent
or good clinical response and also im-
provement in ESR. Only 2 patients had
a poor response (16). The patients in-
cluded 24 men and 16 women, with a
mean age of 47 years (16-75), oligoar-
ticular (13) or polya rticular (27) invo l ve-
ment, and a mean disease duration of
12 years (range 1-36 y) (17). Two pa-
tients discontinued the medication be-
cause of side effects: leukopenia in one

and stomatitis in the other. Eleve n
patients presented with liver test abnor-
m a l i t i e s : 3 mild, 6 moderate and 2
s eve re. Seven patients had 11 live r
biopsies. Only one had evidence of cir-
rhosis or inflammation which occurred
very early in the course of MTX thera-
py. 
This patient continued taking MTX
treatment without further deterioration
of liver chemistry and/or histology. No
ch a n ges we re observed in the histo-
pathology in those with repeated biop-
sies. It was concluded that MTX is
effective and safe in PsA, and that it is
not necessary to perform liver biopsies
on a routine basis (17). 
The results were confirmed in 1994 by
another study that analy zed 33 PsA
patients treated with a mean MTX dose
of 7.8 mg/week (range 5-15 mg) orally
for 6 months along with NSAIDs. Th e re
was complete to partial remission in
PsA and skin lesions in 94% of the pa-
tients (18). Two patients failed to re-
spond. No significant side effects were
seen.
In 1995 two interesting studies ana-
lyzed the radiological outcome and the
association of MTX and cyclosporin A
in the treatment of PsA, respectively
(19, 20).
The first study compared patients who
were given MTX with patients who had
never had MTX (19), matched by dam-
age, actively inflamed joints, sex, and
disease duration. The study population
c o m p rised 38 patients (16 F, 22 M)
with a mean age of 44.6 years and a di-
sease duration of 11.4 years. Twenty-
three patients continued therapy for 24
months. Clinical eva l u ation reve a l e d
that 45% of the patients had ≥ 40%
improvement in the actively inflamed
joint count at 6 and 24 months. Radio-
graphs were available for 19 of the 23
patients who took MTX for 24 months,
and they were compared to their re-
s p e c t ive controls. Radiographic dam-
age scores at 24 months showed an
increase in the damage score in 63% of
the patients. Compared to the matched
controls, there was no statistically sig-
nificant difference in the progression in
damage (19). 
The second study had the objective of
comparing the effectiveness and toxici-
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ty of cyclosporin A (CsA) vs low-dose
MTX over a period of one year in the
treatment of PsA with peripheral in-
vo l vement (20). Th i rt y - five pat i e n t s
with PsA were enrolled in a prospec-
tive, controlled, randomized trial. CsA
was given initially in doses of 3 mg/kg/
day to a maximum permitted dose of 5
m g / k g / d ay; MTX was given in ora l
doses of 2.5 mg every 12 hours for 3
consecutive doses each week up to a
maximum dose of 15 mg/ weekly. Clin-
ical and lab o rat o ry eva l u ations we re
performed at entry and monthly there-
after. After 6 and 12 months the num-
ber of painful joints, the number of
swollen joints, the Ritchie index, the
d u ration of morning stiff n e s s , gri p
s t re n g t h , C R P, the patient's and the
physician's assessment of PsA activity,
as well as the Psoriasis Area and Sever-
ity Index (PA S I ) , we re signifi c a n t ly
i m p roved in both tre atment gro u p s .
ESR values were significantly reduced
o n ly in the MTX group (p < 0 . 0 1 ) ,
wh i ch also showed a significant in-
crease of liver enzymes. The changes in
the main clinical and laboratory param-
eters during the course of CsA or MTX
treatment were not significantly differ-
ent other than for the AST and ALT lev-
els (p < 0.05). After one year of therapy
CsA and MTX we re withdrawn in
41.2% and 27.8% of the pat i e n t s ,
respectively, although these differences
were not statistically significant. 
In conclusion, the one-year prospective
t rial showed that low-dose CsA and
MTX are both effective in the treatment
of PsA, but MTX showed greater toler-
ability, a point which must be taken
into consideration at the start of therapy
(20). 
In the late 1990s various other studies
analyzed MTX in combination therapy
for PsA (21). In a recent study patients
with PsA were treated with anti-TNF-
alpha antibody, in view of the large
amounts of TNF-alpha in infl a m e d
s k i n , ke rat i n o cytes and infl a m m at o ry
cells (22). Six patients with progressive
joint disease and psoriatic skin lesions
u n re s p o n s ive to MTX we re tre at e d
with anti-TNF-alpha antibody infl i x-
imab. The authors concluded that thera-
py with anti-TNF-alpha antibody may
be an effective treatment regimen for

PsA and psoriatic skin lesions (22), as
further presented in this supplement.

Safety studies of MTX in PsA
Two recent reviews have analyzed the
rate of side effects in PsA pat i e n t s
treated with MTX (23, 34).
The fi rst rev i ew presented a 30-ye a r
retrospective analysis of 104 psoriasis
and PsA patients (60 male, 44 female)
t re ated with MTX between October
1968 and October 1998 (23). The se-
verity of adverse reactions (ADR) was
cl a s s i fied according to the Common
Toxicity Cri t e ria (CTC). Acute A D R
was defined as adverse effects within
the first 90 days of MTX therapy. ADR
seen later were classified as chronic.
ADRs were seen in 83 patients. CTC
grade 3 or 4 blood count changes, CNS
side effects, and infections were more
frequent in patients who had received a
cumulative dose < 2000 mg than in 23
patients who received ≤ 2000 mg MTX
(group A). However, liver changes and
serum enzyme level increases did not
d i ffer in the two groups. Th e re fo re,
ADR are common in PsA on MTX
therapy independent of the cumulative
dose, but in most cases they are tempo-
rary and mild. Liver changes and serum
enzyme level increases we re not a
major problem (23).
The second review was devoted to a
study of another suspected complica-
tion, namely pulmonary toxicity in PsA
patients treated with weekly low-dose
MTX (24). Analyses of chest x-rays,
high resolution computed tomography,
and pulmonary function tests were per-
formed in 27 Caucasian PsA patients
t re ated with we e k ly low-dose MTX,
none of whom had previous recognized
i n t e rstitial lung disease. The median
age of the patient cohort was 50 years
(range 24-70 years) and the sex ratio
was 20M/7F. Seventeen patients had
previously used other disease-modify-
ing antirheumatic drugs. The mean
weekly dose of methotrexate was 8.46
mg (range 5-15 mg), the average treat-
ment period was 52 months (range 3-
240 months), and the median cumula-
t ive dose was 2241 mg (ra n ge 300-
6520 mg). High resolution computed
tomography failed to show alveolar or
interstitial involvement in any patient.

D i ffusing lung capacity for carbon
monoxide was mildly altered only in 2
cases. Pulmonary function tests did not
show differences between patients with
and without recognized risk factors for
developing MTX-associated lung toxi-
city identified in RA patients,including
old age, d i ab e t e s , hy p o a l bu m i n e m i a ,
previous use of disease modifying anti-
rheumatic drugs. 
In conclusion, MTX was not associated
with pulmonary fibrosis evaluated by
means of sensitive imaging fi n d i n g s
and pulmonary function tests in this
cohort of 27 PsA patients (24).
In 1996 a study showed that in 54 out
of 96 PsA patients (48 male and 48
female) who had undergone one or
m o re courses of DMARD (n = 1 0 9 ) ,
there was a survival rate of 6 months
for gold sodium thiomalate (GOLD)
and sulphasalazine (SSZ), and 16
months for MTX (25). Differences be-
tween MTX and gold were statistically
s i g n i fi c a n t , while other diffe re n c e s
were not statistically significant, possi-
bly because of the small numbers and
h e t e rogeneity of the patient gro u p s .
The most common cause of withdrawal
for GOLD and SSZ was adverse effects
(25).
A 1995 study compared folic acid (FA)
levels in PsA (and RA) patients being
treated with MTX with those of un-
treated patients in order to investigate
potential folate depletion by MTX and
its possible relationship to the drug's
e ffi c a cy (26). FA , cya n o c o b a l a m i n
(B12), and MTX were measured in ser-
um and red blood cells (RBC) in 33 pa-
tients on low-dose MTX therapy and in
24 control patients. MTX treated pa-
tients had lower FA levels than controls
(median 4.36 vs 7.37 ng/ml, p < 0.001). 
A significant correlation between ser-
um FA and MTX/RBC (p < 0.01) and
between the weekly dose and MTX/
RBC (p <0.01) was seen. There was no
correlation between FA and the cumu-
l at ive total MTX. MTX patients had
lower B12/RBC levels than the cont ro l s
( p<0.001); the serum levels of B12 were
not diffe rent. Clinical fe at u re s , E S R
and CRP did not corre l ate with FA ,
B12 or MTX levels. Therefore, the de-
gree of folate depletion during MTX
t h e rapy ap p e a rs to depend pri m a ri ly
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upon the we e k ly administered dose.
Folate depletion may be related to B12
deficiency in RBC. The finding that FA
levels were not related to disease activ-
ity supports again the concept that
MTX does not exert its action in PsA
and RA primarily by inhibiting dihy-
d ro fo l at e re d u c t a s e. Th e re fo re, a dd i-
tional folate compounds, if necessary,
should not lead to a reduction in the
efficacy of MTX (26).
Of increasing concern, however, are the
recent rep o rts of ly m p h o p ro l i fe rat ive
malignancies associated with MTX
( 2 1 ) , and pancytopenia with a high
mortality rate in both RA and PsA pa-
tients (21) with the increasing use of
MTX. However, these findings remain
rare.

MTX in psoriatic arthritis:
Practical guidelines
In the past seve ral ye a rs MTX has
become the most commonly used agent
in patients with seve re, d e s t ru c t ive
PsA. The recommended MTX schedule
is 7.5 to 15 mg/week, given as a single
dose (pre fe rably taken at night) or
divided into two doses taken 12 hours
apart on the same day. This can be in-
creased to 20 to 30 mg/week until im-
provement is seen, and then be tapered
down to a maintenance dose that varies
from patient to patient but is usually
s l i g h t ly higher (5-15 mg/week) than
that used in RA. Intra-articular MTX
t h e rapy has not been concl u s ive ly
shown to be effective in the manage-
ment of PsA (12).
M o n i t o ring of MTX therapy in PsA
p rior to the tre atment includes com-
plete blood cell counts, serum creati-
nine, liver function tests (ALT, AST),
and hepatitis C and B panels (27). Dur-
ing MTX therapy it is suggested to
repeat the blood cell counts and kidney
liver function tests every 4 to 8 weeks.
Contraindications to MTX therapy in-
clude pregnancy and alcoholism.
D e t e rm i n ation of MTX serum leve l s
during low-dose therapy does not pro-
vide useful information. MTX serum
l evels in both RA and PsA pat i e n t s
treated with a low-dose weekly sched-
ule do not show significant increases
during the course of therapy over val-
ues at the onset of treatment. Likewise,

no correlation has been shown with the
total cumulative dose, the clinical pic-
ture, or the recurrence of side effects.
Furthermore, no relationship has been
observed between the changing of lab-
o rat o ry para m e t e rs and MTX leve l s
(12).
More knowledge about the basic mech-
anisms of action of MTX might help to
explain the problem of non-responders
or resistance to treatment among  RA
patients. A recent study demonstrated
that folate receptor beta (FR-β) expres-
sion is selectively elevated in RA syn-
ovial macro p h ages and suggests that
MTX is tra n s p o rted within the cell
through the FR-β (28). 
However, this in vitro study and anoth-
er more recent in vivo study both show-
ed that the co-administration of MTX
and folic acid reduces the cellular up-
take and increases the total clearance of
MTX, respectively (29). In addition, a
recent study considering some clinical
va ri ables showed that RA pat i e n t s
treated with MTX without folic acid
supplementation had significantly low-
er disease activity than controls treated
with both MTX and folic acid (30).
H oweve r, the authors concluded that
the addition of folic acid to MTX pre-
vented some side effects even if with a
small loss of effi c a cy. Th e re fo re, a s
a l re a dy suspected, the co-administra-
tion of MTX and folic acid might rep-
resent a possible cause of MTX resis-
tance in RA treatment and seems to be
related to their competition for absorp-
tion (31). The majority of studies sug-
gest the advisability of the delayed ad-
ministration of folates to avoid interfer-
ence with the antiinflammatory effects
of MTX (31-34). 
Based on the available studies that indi-
cate adenosine as responsible for the
a n t i i n fl a m m at o ry actions of MTX, a
very recent investigation in the adju-
vant arthritis model of RA has shown a
reversing of the antiinflammatory ef-
fects using adenosine receptor antago-
nists such as theophylline and caffeine
(35). As a matter of fact, a high intake
of caffeine or theophilline might repre-
sent a further cause of reduced re-
sponse to low-dose MTX in both PsA
and RA. However, side effects are com-
mon even in PsA patients treated with

other compounds (i.e., CsA 58% and
SSZ 44%) (36).
Finally, a very recent study showed no
s i g n i ficant diffe rences between fo l i c
acid and foiling acid in reducing elevat-
ed ALT: the only significant cause of
discontinuation MTX therapy over 12
different causes when compared to pa-
tients tre ated with MTX alone (37).
However these folic/treated-treated pa-
tients needed higher MTX doses to
obtain any significant therapeutic effi-
cacy when compared to the treatment
with MTX alone. 
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