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Methotrexate in rheumatoid arthritis: a prospective
study in Israeli patients with immunogenetic
correlations
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SUMMARY In a prospective open study 44 Israeli patients with rheumatoid arthritis were treated
with weekly low dose methotrexate (MTX) for up to 36 months. Nine patients withdrew from the
study: six because of side effects and three due to inefficacy. One patient died of septicaemia
following septic arthritis. Significant improvement, graded by Ritchie articular index, grip
strength, physician's global assessment, erythrocyte sedimentation rate (ESR), and platelet
counts, was noticed in response to treatment. Seronegative patients had a better clinical
response. Transient gastrointestinal symptoms were common and correlated with increases of
serum aspartate transaminase (AST). HLA-DR1 and DR7 were significantly associated with
increased serum AST concentrations.
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The use of methotrexate (MTX), a folic acid
antagonist, as an effective agent suppressing synovi-
tis in rheumatoid arthritis (RA) was first reported by
Gubner et al in 1951.1 The drug was not in use for
many years in patients with RA, however, although
there has been extensive experience with MTX in
the treatment of psoriasis. 3 Clinical studies in
recent years established its efficacy in the treatment
of patients with RA not responding to other
drugs.49 Although rapid therapeutic benefit was
observed in all short term studies,'-7 the longer term
effectiveness of MTX has been shown only in a few
detailed reports.8 9 We conducted an open prospec-
tive study to (a) assess the short and medium term
efficacy of MTX in our patients with RA, (b) study
the various side effects and their interrelationships,
and (c) search for a genetic predisposition to the
therapeutic response or side effects of MTX in
Israeli patients, who differ immunogenetically from
other populations.

Acccptcd for publication 8 January 1988.
Corrcspondence to Dr Moshe Tishier. Dcpartmcnt of Rheumatol-
ogy. lchilov Hospital. 64239 Tel Aviv, Israel.

Patients and methods

PATIENTS
Forty four patients with definite or classical RA
fulfilling the criteria of the American Rheumatism
Association (ARA) entered the study. Thirty nine
patients (89%) had received gold salt treatment, 29
(66%) penicillamine, 17 (39%) azathioprine, and 14
(32%) hydroxychloroquine. All drugs had been
discontinued because of ineffectiveness or toxicity.
Treatment with disease modifying drugs was

stopped for at least two months before entering the
study. Other criteria for entry were the presence of
active disease defined by at least three of the
following criteria: three or more swollen joints, six
or more tender joints, 45 minutes or more of
morning stiffness, and an erythrocyte sedimentation
rate (Westergren) exceeding 28 mm an hour.

STUDY DESIGN
This prospective study was started in 1983 and
conducted until 1987. Individual patients entered
the study gradually, thus the duration of treatment
was not equal in all the patients.
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Patients were evaluated before the start of treat-
ment and during the study period by the same
physician. All patients were seen every three weeks
for evaluation of toxicity, adjustment of drug doses,
and laboratory assessment. Prednisone treatment,
kept stable for at least a month before study entry,
was allowed throughout the trial and was tapered
according to clinical improvement.

All patients were treated initially with 7-5 mg
MTX administered intravenously in the first week.
Doses were increased up to 15 mg a week according
to clinical response. Elderly patients (>65 years old)
and patients with a creatinine clearance test of less
than 60-80 ml/min did not receive doses exceeding
10 mg a week.
Excluded from the study were patients with a

history of cancer, liver or renal disease, white blood
cell counts of <3-5x109/1, or platelet counts
<SO0x 109/1.
When adverse effects occurred the MTX dosage

was lowered by 2-5 mg a week until they dis-
appeared or became tolerable. After reaching a
favourable clinical response, patients were switched
to a regimen of alternate intravenous and oral
weekly MTX treatment.

CLINICAL ASSESSMENT
Clinical evaluation was recorded at the baseline visit
and every three months thereafter and consisted of

Table 1 Characteristics of44 patients with RA entering the
methotrexate treatment study

Age (years)* 60-2
Disease duration (years)* 10-5
Male/female 3/41
RFt positive 33
ANFt positive 11
Sjogren's syndrome 6

*Mean value shown.
tRF=rheumatoid factor; ANF=antinuclear factor.

the following: duration of morning stiffness in
minutes; Ritchie articular index; mean grip strength
(mmHg) for both hands; physician's global assess-
ment of pain and disease activity, graded as
(severe), 2 (moderate), 3 (mild), 4 (asymptomatic).

LABORATORY ASSESSMENT
Laboratory tests for potential drug toxicity were
obtained at baseline and every week during the first
three months of MTX treatment and then every two
to three weeks according to drug regimen. These
tests included a complete blood count (including
platelets), serum aspartate transaminase (serum
AST), alkaline phosphatase, creatinine, and
erythrocyte sedimentation rate (Westergren). Urine
analysis, serum albumin concentrations, and latex
rheumatoid factor results were obtained every six
months. Increases of serum AST to twice that of
normal levels, a decrease in the white cell count to
<3-5x109/l, or a decrease in the platelet count to
<15Ox 109/l were considered sufficient cause to stop
MTX until these values returned to normal, when
treatment was resumed at a lower dose.

HLA TYPING
HLA-A, B, C antigens were determined by the
microlymphocytotoxicity technique.'"' HLA-DR
typing was performed on B cell enriched lympho-
cytes by extended incubation cytotoxicity testing."
The prevalence of HLA antigens was compared with
that of healthy controls typed by the same labora-
tory.

STATISTICAL ANALYSIS
Statistical comparisons were made using the re-

peated measures analysis of the variance. 12 The
Fisher exact test was used in the analysis of HLA
data.

Results

Table 1 shows the patients' characteristics on entry

Table 2 Laboratory and clinical variables in patients during MTX treatment*

Parameter Baseline 3 Months 6 Month/s 12 Monitlis 18 Motnths 24 Montths 36 Molntl.s
(n=44) (n=43) (n=29) (=-1=7) (n 12) (n=6) (n =6)

ESRt (mm/h) 643 (3-6) 44-9 (3 19) 419 (4-05) 49-2 (5-76) 48X5 (5 1) 49.8 (11-9) 455 (7-11)
Hbt(g/l) 114(2) 115(1) 119(2) 111 (2) 112(51) 117(5) 113(3)
Platclets(x 109/I) 399(22) 352(16) 352(18) 354(24) 355(30)) 359 (4t)) 348(23)
WBCt (x 109/1) 8 (0-26) 7-9 (0(26) 7-6 (0(33) 7 5 (t)47) 7-4 (t).5) 7-2 (0).t)9) 7-4 (t)-08)
Ritchie index 35(2) 23-5(2) 19-4(24) 2t)6(2-9) 20)(3-1) 168(48) 156(48)
Grip strength (mmHg) 64-7(7-2) 74(9) 71-7(7-4) 76-8 (15) 75-4 (22) 762 (16) 82(22-6)
Clinical assessment 18 (t) 1) 28 (t)-1) 28 (t)2) 2-75 (t)2) 28 (0)2) 2 9 (0 1) 30 (t)2)

*Values are mean (SE).
tESR=erythrocyte sedimcntation ratc; Hb-=hacmoglobin; WBC=whitc blood ccll count.
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into the study. Their mean age was 60-2 years (range
30-87) and mean disease duration 10-5 years (range
1-33). All patients received an average weekly dose
of 12-5 mg (range 7.5-15) intravenous or oral MTX
and the mean duration of treatment was 11 months
(range 3-36).
Treatment was stopped in 10 patients: one patient

developed septic arthritis and later died, one experi-
enced severe allergic reaction, five discontinued
MTX owing to nausea and vertigo, and there was a

lack of effect in three patients.

CLINICAL AND LABORATORY RESPONSE
Table 2 presents the clinical and laboratory findings
of patients in each assessment. Clinical improve-
ment scored by the Ritchie articular index, grip
strength, and physician's evaluation of global dis-
ease was clearly evident. Therapeutic effect was

noticed within the first six weeks, though individual

patients experienced subjective benefit as early as

two weeks. Improvement continued until a plateau
was reached at six months. The beneficial effect was
noted in the whole group of patients, including those
who had to be withdrawn because of side effects.
When the small group of patients who had started
MTX early enough to complete 36 months of
treatment was analysed further improvement was

observed (Fig. 1). During the first six months of
MTX treatment the mean Ritchie articular index
decreased from 35 to 19-4, mean grip strength
increased from 64-7 mmHg to 71 7 mmHg, and the
physician's evaluation of global disease improved
from 1-8 to 2-8 (p<0002 for all parameters).
The ESR decreased from an average of 64-3 mm/h

at baseline to 41 9 mm/h at six months of treatment
(p<O.OOOl), but rose again to 49 mm/h at 12 and 24
months. Platelet counts decreased from 399x 109/1 at
baseline to 352x 109/l at six months (p=0.0086) and
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Fig. 1 Clinical and laboratory parameters (mean (SE)) in patients taking methotrexate during 36 months oftreatment.
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remained steady throughout 36 months. Leucocyte
counts and haemoglobin concentrations were not
significantly changed during the study.
No patient achieved complete remission accord-

ing to the ARA criteria.
Clinical parameters indicated that response to

MTX was better in seronegative than in seropositive
patients (p<005) (Figs 2a and b). No difference in
laboratory parameters was observed between the
two groups, however.

TO X I C I T Y

Adverse reactions were common, though usually
mild, and required discontinuation of treatment in
only seven patients.
Two patients suffered serious side effects. One

died from sepsis following septic arthritis of a
prosthetic hip joint after 10 weeks of treatment and
a total dose of 90 mg MTX. The pathogen could not
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Fig. 2 Relative improvement in clinical paracmeters of
seronegative and seropositive patienits taking methotrexate.
(a) Grip strenigth; (b) Ritchie articular index (p<O0O5 for
boih values).

be identified. A second patient developed a severe
allergic rash and urticaria after 18 weeks of treat-
ment. Gastrointestinal toxicity, manifested by
nausea and abdominal discomfort. was common (21
of 44 patients (48'%O)), but in only four patients was
it the cause for termination of treatment. In 17
(80%)/) of the 21 patients these symptoms began in
the first three months of treatment. Vertigo and
lightheadedness were reported bv six patients (l4% )
but required cessation of treatment in only one case.
Transient leucopenia was observed in two patients
and thrombocytopenia in one; both resolved after
lowering the MTX dosage. Two patients had an
increase in the number of rheumatoid nodules
during treatment, but when treatment was stopped
for other causes this phenomenon reversed.

Transient increase of transaminase levels was seen
in 15 patients (34(0o), mostly between the second
and the seventh months of treatment. In only five of
the 15 patients (33(YO) was there a twofold increase
in transatminase concentrations, which returned to
normal after withholdina MTX treatment for a week
and reinstituting it ait a lower dosage.

Analysis of the interrelationships of the various
side effects to MTX showed a mairked association
between the existence of gastrointestinal symptoms
and an increase of serum AST concentrations
(p=0-0006). while the association between gastroin-
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Table 3 Prevalence ofHLA-DR antigens in MTX treated
patients with or without increases in serum aspartate
transaminase (AST)

HLA Prevalen1ce of HLA-DR antitigens in:
antigen

Patients with Patients without Normal
iticre(ase in inic rease in c ontrols
serumn AS! serum AST (%)
(%) (%)

DRI 40.0* 15-3 158
DR4 33-3 44-1 38-3
DR5 33-3 37-3 42-5
DR6 20-0 22-0 180
DR7 33-3t 8-5 11.1

'p<0-05; tp<002.

testinal and central nervous system symptoms was

less significant (p=0.055).

PREDNISONE DOSAGE

Twenty five patients (57%) required prednisone
treatment before the start of the study, with a mean

dose of 10.3 mg/day (range 5-25). In the course of
the study 10 patients were completely withdrawn
from steroids and the mean prednisone dosage in
the others decreased to 6-5 mg/day (p<005).

ASSOCIATION OF HLA ANTIGENS AND THE

CLINICAL AND LABORATORY FINDINGS

The prevalence of HLA-A, B, C, and DR antigens
of our patients with RA showed no significant
difference from that of the normal Israeli control
population (data not shown). Nor was there any

association of the antigens with clinical or laboratory
parameters indicating drug efficacy. An increase of
serum AST concentrations, however, after MTX
treatment was observed in HLA-DR7 or DR1
positive patients (p<002 and p<0-05 respectively)
(Table 3).

Discussion

This prospective study confirms other observations
on the beneficial effect of MTX in patients with RA.
We have shown that the MTX response is charac-
terised by a quick onset (five to six weeks) and a

continuous improvement until six months, at which
time a plateau is reached. Clinical parameters such
as Ritchie articular index, grip strength, and clinical
assessment, as well as laboratory tests such as ESR
and platelet counts, showed a significant improve-
ment (p<001) during the first year of treatment.
Although further improvement was observed during
the following two years of treatment, the small
number of patients that reached 36 months of

treatment does not allow definite statistical conclu-
sions to be drawn. A novel observation is the
significant difference in clinical response to MTX
between seronegative and seropositive patients.
This could be explained by a better anatomical stage
of the former group.
Only a few reports have determined the long term

efficacy of MTX. The duration of the favourable
clinical response ranged from three years8 up to 15
years in one study.9 It should be emphasised that
MTX was employed in patients with advanced
disease, in whom other second line drugs had failed.
Despite that fact, approximately 50% of patients
with RA had benefited from the drug and 7-20%
achieved complete remission.8 9 In our study,
although a marked improvement was noted in many
patients, no true articular remission, as defined by
the ARA, was reached.

Clinical side effects, though common, were
usually mild and tolerable and responded to dosage
reduction. Gastrointestinal toxicity was observed in
48% of patients and vertigo in 14%, as in earlier
studies.'9 14 Only one patient experienced severe
toxicity manifested by allergic reaction. One patient
died of sepsis during treatment.

Liver fibrosis was reported in psoriatic patients
receiving prolonged MTX treatment but not in
patients with RA.8 9 15 Furthermore, no correlation
was found between an increase of transaminase
concentrations and hepatic changes in serial liver
biopsy specimens.8 As in previous studies-9 14 we
also found frequent increases in transaminase con-
centrations, which decreased after dosage reduc-
tion. Interestingly, in ouI patients gastrointestinal
symptoms had a strong correlation with serum AST
increases (p=0-0006) and usually appeared early in
the course of treatment, predicting liver function
abnormalities. The association between raised
serum AST and HLA-DR7 and DR1 is also unique
and has not been reported previously.5 8 14 This may
be explained by the different genetic background of
the Israeli population in whom RA is associated
with DRI and not DR4. '6 Yet, as in other
reports,58 we could not find in our study group any
HLA antigen predictive of a favourable response to
MTX.
The optimal dose and route of MTX administra-

tion in patients with RA has been a matter of
debate. It has been administered intravenously,
orally, and intramuscularly with a similar rate of
success.49 There is no clear evidence that any one
way has an advantage over the others. We use MTX
intravenously in the first weeks of treatment and
then switch to alternate oral and intravenous
treatment.
The effect of MTX on acute phase reactants such
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as ESR and platelet counts and the profound clinical
response places the drug together with other disease
modifying drugs and raises the question of its earlier
use in RA. Recently, MTX was shown to
improve erosive changes in seven of 11 patients over
a two year period,8 a fact that further supports its
use in the earlier stages.

In conclusion, the results of this study suggest that
methotrexate is an effective drug in the treatment of
severe rheumatoid arthritis over a period of six to 36
months. Yet, the exact place of methotrexate among
second line drugs has to be determined.

We are indebted to Mrs Pearl Lylos, statistical laboratory,
department of mathematics, Tel Aviv University. for the excellent
statistical analysis, to Mrs Ofelia Cohen-Avishai for HLA typing,
and to Miss Shani Hanft for preparing the manuscript.
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