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EFFICACY OF LOW-DOSE METHOTREXATE IN RHEUMATOID ARTHRITIS

MicHAEL E. WEINBLATT, M.D., JoNaTHAN S. CoBLYN, M.D,, Davip A. Fox, M.D., PaTricIA A. FrRAsER, M.D.,
DonaLp E. HorLpswortH, M.D., Davip N. Grass, M.B,, Cu.B., anD Davip E. TrenTHAM, M.D.

Abstract Twenty-eight patients with refractory rheuma-
toid arthritis completed a randomized 24-week double-
blind crossover trial comparing oral methotrexate (2.5 to
5 mg every 12 hours for three doses weekly) with place-
bo. The methotrexate group had significant reductions
(P<0.01 as compared with the placebo group) in the
number of tender or painful joints, the duration of morning
stiffness, and disease activity according to physician and
patient assessments at the 12-week crossover visit; re-
ductions in the number of swollen joints {P<0.05) and
15-m walking time (P<0.03) also occurred. These varia-
bies, as well as the grip strength and erythrocyte sedimen-
tation rate, showed significant (P<0.01) improvement at
24 weeks In the population crossed over to methotrexate.

ERTAIN cases of rheumatoid arthritis are refrac-

tory to conventional therapies because of lack of
benefit or the occurrence of unacceptable side effects.
The antimetabolite methotrexate was reported to pro-
duce favorable effects on rheurqatmd arthritis by
Gubner et al. in 1951,' and since that time, other
open trials have sugg‘estcd that the drug is effec-
tive in this disease,23 This experience prompted the
following randomized double-blind crossover study
of low-dose oral weekly methotrexate for patients
with severe adult-onset rheumatoid arthritis in whom
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A significantly increased frequency (P<0.03) of the HLA-
DR2 haplotype occurred in the eight patients with the most
substantiai response to methotrexate. Adverse reactions
during methotrexate therapy included transaminase ele-
vation (21 per cent), nausea (18 per cent), and diarrhea
(12 per cent); one patient was withdrawn from the trial
because of diarrhea. One patient died while raceiving the
placebo, Methotrexate did not affect measures of humoral
or cellular immunity.

We conclude that this trial provides evidence of the
short-term efficacy of methotrexate in rheumatoid arthritis,
but the mechanism of action is unknown. Longer trials will
be required to determine the ultimate safety and effective-
ness of this drug. (N Engl J Med 1985; 312:818-22.)

gold-salt therapy had failed to produce a response or
had been toxic.

MeTHODS
Patients

"T'hirty-five paticnts with rheumatoid arthritis fulfilling the Amer-
ican Rhcumatism Association’s criteria for definite or classic dis-
ease” gave informed conscnt and entered the study. All had received
gold-salt therapy; 28 (80 per cent) had received penicillamine, 23
(66 per cent) hydroxychloroquine, and 2 azathioprine. These drugs
had been discontinued because of ineffectiveness or toxicity.

Other criteria for entry were onset of the disease after the age of 16
and the presence of active disease, defined by at lcast three of the
l'ol!owmg 3 or more swollen joints, 6 or more tender joints, 45
minutes or more of morning stiffhess, a Westergren erythrocyle
sedimentation rate of 28 mm per hour or }nghnr, and a mean grip
strength for both hands of 192 mm Hg or less in men and 146 mm
Hg or less in women, averaged from three measurements.! Two
bone radiologists agreed that the anatomic stage of disease® was 11
or greater in all patients, according to plain radiographs of the
hands obtained at entry. Women either had no childbearing poten-
tial or were practicing contraception,
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Excluded from the study were patients with a serious concomitant
medical illness, judged to be in Functional Class IV by the criteria
of the American Rheumatism Association,” or with a history of
cancer, liver or renal disease, insulin-dependent diabetes, obesity
(more than 10 kg above ideal body weight), liver enzyme levels at
least twice the upper limit of normal, white-cell counts of less than
3500 per cubic millimeter, platelet counts below 1.5% 10% per cubic
millimeter, or therapy with methotrexate or total lymphoid irradia-
tion.* Patients were not accepted into the trial until gold, penicilla-
mine, or hydroxychloroquine had been withdrawn for at least two
months and azathioprine for at least six months.

During the study each patient remained under the care of his or
her personal rheumatologist, abstained from alcohol, and continued
to receive stable doses of aspirin or another nonsteroidal antiinflam-
matory drug; those taking prednisonc at entry were maintained on a
stable dose not exceeding 10 mg a day.

Study Design

This was a double-blind crossover study of 24 weeks' duration.
Patients were randomly assigned in blacks of four to receive initially
indistinguishable tablets consisting of cither methotrexate (2.5 mg)
or placeho for 12 weeks (Period 1). Tablets were ingested in equal
numbers on three consecutive occasions at f2-hour intervals begin-
ning on the same day of each weck. For the first 6 weeks, three
tablets were taken weekly; at 6 weeks, the dose could be increased to
six tablets weekly if a satisfactory response was not noted by the
physician investigator. At 12 weeks, crossover occurred; paticnts
initially assigned to methotrexate received placebo for the final 12
weeks of the study (Period 2), and patients originally assigned to
placebo received methotrexate. Again, elective increases in dosage
were incorporated into Week 6 of Period 2. Patients and their rheu-
matologists, as well as the investigators, remained unaware of drug
assignments until the study was completed.

Clinical Assessments

Each patienl was examined by the same physician investigator
every three weeks, and pill counts were performed; the entry, cross-
over, and final visits occurred early in the morning. The clinical
disease variables determined at each visit consisted of (1) the numi-
ber among 66 diarthodial joints with swelling; (2) the number
among 68 joints with tenderness on pressure or pain on passive
motion (ar hoth); (3) the joint-swelling index, expressed as a sum in
which each joint was graded for swelling as 0 (none), | {mild), 2
(moderate), or 3 (severe); {4) the joint-tenderness/pain index, rep-
resenting the sum for joints graded according to the above scale;
(5) mean grip strength for both hands; (6) 15-m (50-ft) walking time
without assisting devices; (7) the duration of morning stiffness;
(8) the physician’s assessment of discase activity graded as 0
(asymptomatic), | (mild), 2 (moderate), 3 (severe), or 4 (very se-
vere); and (9) the patient’s assessment of disease activity graded on
the same scale.

Overall responses to treatment were derived with the following
arbitrary designations modificd from thosc proposed by Williams et
al.%”; (1) therapeutic remission, defined by the preliminary criteria
of the American Rheumatism Association®; (2) marked improve-
ment in the joint-swelling index and in the joini-tenderness/pain
index, defined as a decrease of 50 per cent or more in their values at
the 12-weck or 24-week visit, as compared with their values at entry
or crossover; {3) moderate improvement, defined as decreases of 30
o 49 per cent in these indexes; (4) no change, if the value for an
index remained within 30 per cent of the original value; and
(5) worsening, if the value for an index increased 30 per cent or
more, Improvement and worsening in the physician and patient
assessment of disease activity represented changes of at least 2 inte-
gers in their five-point scales.

Laboratory Assessments

Every three weeks, a complete blood count, including platelets
and the erythrocyte sedimentation rate, and liver-cnzyme tests, con-
sisting of measurement of serum aspartate and alanine aminotrans-
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ferase, alkaline phosphatase, and 1otal bilirubin, were obtained;
scrum creatinine was measured every six weeks. Patients were with-
drawn from the study if the white-cell count decreased to less than
3300 per cubic millimeter, the polymorphonuclear leukocyte count
decreased to less than 1200 per cubic millimeter, the platelet count
decreased to less than 1.5%10% per cubic millimeter, or the creati-
nine level rose above 1.8 mg per deciliter (160 gmol per liter). If the
values for liver enzyme increased to more than twice the upper limit
of normal, the tablets were withheld and the tests were repeated
weekly. Abnormalities persisting for more than three weeks also led
to withdrawal. Typing for HLA-A, B, C, and D polymorphism was
performed in the tissue-typing laboratory of the Department of
Rheumatelogy and Immunology; the reagents included antiserums
tested during the 8th Histacompatibility Workshop.”

Immunologic Assessments

At the entry, crossover, and final visits, 80 ml of blood was ob-
tained for immunologic studies. Serum aliquots were analyzed for
titers of rheumatoid factor by nephclometry and for concentrations
of immune complexes by Clq binding.'® Cymﬂuorographlc enu-
meration of blood mononuclear cells by surface antigens was per-
formed as described clsewhere.,* Anti-T3 reacied with all mature
T cells, whereas anti-T'4 and anti-'1'8 identified functionally distinct
T-cell subsets. Anti-Ia reacted with activated T cells as well as cells
of B-lymphocyte and monocyte lineage.'" Anti-BI identified B lym-
phocytes,'? and anti-Mo, reacted with monocytes and a majority of
null cells.'® Anti-T! 14 and anti-Ta, identified T-cell-specific mark-
ers of activation.'*'® Tritiated thymidine incorporation by blood
mononuclear cells in response to an optimal quantity of the mito-
gens phytohemagglutinin and concanavalin A and the antigens
strcptokmase—slrcplodornasc canchda, and purified protein deriva-
tive of tuberculin was also measured.'®

Statistical Analysis

Continuous diseasc variables were analyzed as the differcnce in,
group means between the crossover visit and entry visit, as well as
between the final visit and the crossover visit, by covariance,'® Oth-
cr indexes were analyzed in terms of their group means (by Stu-
dent’s two-tailed t-test), and dichotomous variables by their propor-
tionate group frequencics (by the chi-square test), P values smaller
than 0.01 are not given,

ResuLTs
Patients and Study Course

Of the 35 patients enrolled, 17 were initially as-
signed to receive methotrexate and 18 to placebo (Ta-
ble 1). All but two patients had their dose of test medi-
cation increased to six tablets; the two patients were
receiving methotrexate. Pill counts suggested a high
degree of compliance with the prescribed regimen.

There were four withdrawals before the crossover
visit; the data from these patients were excluded from
the efficacy analyses in Table 2. Two of these patients
were receiving placebo; one was withdrawn because of
a cerebrovascular accident and the other because of a
protocol violation (a persistent elevation in alkaline
phosphatase was detected after entry into the trial).
One of the patients receiving methotrexate was with-
drawn at Week 9 because of diarrhea, and the other
withdrew after one week of treatment with methotrex-
ate, during an exacerbation of rheumatoid arthritis
requiring hospitalization. Three patients, all receiving
placebo, did not finish Period 2. One withdrew be-
cause of an arthritic flare at Week 18, after benefiting
from methotrexate. One was withdrawn at Week 21
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Table 1. Demographic and Clinical Characteristics of the Patients

at Study Entry.*
VARIABLE MEDICATION SEQUENCE
METHOTREXATE= PLACEHO~
FLACEBO METHOTREXATE
N=17) (N =18)
Age (yn)
Average 60 59
Range 45-70 44-73
No. female 10 s
No. while 16 17
Discusc duration (o)
Average 100 128
Range 21-320 48-352
Functional class
1 tl 8
m 6 10
Rheumatoid factor 16 18
(titer =1:160)
HLA-DR4 9 8
Prednisonc (=10 mg per day) 8 12
Previous hip, knee, or 6 7
ankle arthroplasty

*Paticnts were grouped according 1o whether they were randomly assigned to methotrexate in
Perivd I, with subsequent crossover to placebe in Period 2, or received these test medications in
the reverse sequence during these two periods. The values Hsted did not differ significantly
between the groups.

because of not keeping a visit appointment, and the
other (a 66-year-old woman who had moderate im-
provement in the joint-swelling index and joint-ten-
derness/pain index and had alopecia during treatment
with methotrexate) died suddenly
at Week 18 during a recrudescence
of arthritis. A patient taking place-
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mentation rate, in the methotrexate group. Again,
there was no change in blood-cell components in this
period. Because of the crossover design, patients who
received methotrexate initially were examined for a
change in the measured variables at the end of Period
2. In this subgroup, a significant (P<0.01) flare in
rheumatoid arthritis was noted, as measured by the
Jjoint-swelling index, grip strength, morning stiffness,
and physician assessment of disease activity; the walk-
ing time (P<0.04) and patient assessment of disease
activity (P<0.02) had also worsened.

A total of 33 patients received methotrexate during
this study. The number who responded to the drug
was calculated by using the arbitrary definitions, and
the frequency and degree of these responses were com-
pared with those observed in a control group consist-
ing of 18 patients randomly assigned to placebo in
Period | (Table 3). No remissions occurred with meth-
otrexate therapy, but there was a marked improve-
ment in the joint-tenderness/pain index in 18 patients
(54 per cent) and a moderate improvement in € (18
per cent). Thus, 24 of the patients (73 per cent) receiv-
ing methotrexate had at least a 30 per cent improve-
ment in the joint-tenderness/pain index. A marked or
moderate improvement in this index was found at
Week 3 of methotrexate therapy in 36 per cent of the
patients. A marked improvement in the joint-swelling
index occurred in 13 (39 per cent) of the patients tak-
ing methotrexate, and a moderate improvement oc-
curred in 7 (21 per cent). Thus, 20 patients (61 per

Tabie 2. Clinical and Laboratory Variables in Patients Completing Period 1

of the Study.»

bo had an intraarticular injection of

PR . . VALUE AT DIFFERENCL AT
a glucocorticoid into a knee in Peri- VARIABLE TREATMENT T ENTRY VisT  CRossovem Vi ¢ P Vacue §
od 1; this joint was excluded from mean 5.E.
analysis in the study. No. of joints swollen Methotrexate (15) 343 1422 <0.08
Placebo (16) 28x2 5£2
ffect I
E 8 on Disease . No. of joints tender Methotrexate (15) 37=4 26x4 <0.01
When the 15 patients receiving 1o pressure or pain- Placebo (16) 363 424
methotrexate and 16 patients re- fol on passive motion
ceiving placebo who completed the Joint-swelling index :fm‘g,‘ s :ézf :l’g:g <0.01
initial 12-week trial were com-
d ionifi ¢t d £ im- Iolntl-lendemessl Methotrexate (15) 588 46+7 <0.01
pared, significant degrees of 1m pain index Placcbo (16) 5224 66
provement were [‘ounc! in the meth- Grip strength (mm Hg) Methotrexate (1) 6126 217 NS
otrexate group, versus the placebo Placcbo (16) 435 -433
group, in all the clinical variables 1S-m (50-ft) walking Methotrexate (15) 171 5x1 <0.03
measured except the grip strength time (sec) Placebo (13) 2222 3%
(Table 2). There was no significant Duration of moming Methotrexate (15) 18260 13458 <0.01
changc in the sedimentation rate, stiffness (min) Placebo (16) 103=18 ~36x32
H 2 Physician assessment of Methotrexate (15) 2.7£0.2 1.5x0.2 <0.01
hematocrit, total white-cell count, isoass activity Placebo (16) 2602 0os0s
platelet count, or absolute lympho- )
cyte count Plldlent assessment of Methg:exl:e (15) 2.3+0.2 l.etg.§ <0.01
A . iscasc activity Placebo (16) 2.720.2 0.1%0,
Analysis of the 16 patients Erythrocyte sedimenution  Methowexate (1) 7729 177 NS
crossed over to methotrexate and 1 rate (mm/hour) Placebo (14) 50=7 —4x5

the 12 crossed over to placebo who
completed Period 2 revealed a sig-
nificant (P<0.01) improvement in
all variables, including the sedi-

*Period | encompasses the Inltal 12 weeks of the study.

tFigures in parentheses are numbers of patients in whom the variable was anplyzed,

tPositive values represent & decrease In the difference from the mean.

P values were determined by analysls of covarlance using adjusted means. NS denoles not significant,
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cent) taking methotrexate had at least a 30 per cent
improvement in the joint-swelling index. Again, a
marked or moderate improvement in this index was
present at Week 3 in 24 per cent of the patients. An
improvement in the physician’s assessment of disease
activity occurred with methotrexate in 36 per cent of
the patients, and an improvement in the patient’s as-
sessment occurred in 42 per cent.

Eight (24 per cent) of the 33 patients had the most
substantial response to methotrexate, which was arbi-
trarily defined as achieving a marked improvement in
the joint-swelling and joint-tenderness/pain indexes
as well as improvement in both the physician and pa-
tient assessments of disease activity. No patient taking
placebo fulfilled these criteria. There was no signifi-
cant difference in the demographic or disease varia-
bles at study entry, or in the frequency of concomitant
prednisone therapy, between these 8 patients and the
other 25 patients. Of potential interest, 4 of these 8
patients with a substantial response were typed as
HLA-DR2, as compared with 3 (12 per cent) of the 25
patients who did not have such a response (chi-
square = 5.2, P<0.03).

Adverse Occurrences

Side effects occurred with equal frequency during
treatment with the 7.5-mg and 15-mg doses of metho-
trexate, except that nausea developed only at the high-
er dose. During methotrexate administration, 17 (52
per cent) of the 33 patients had one or more types of
adverse reactions, chiefly gastrointestinal, that were
considered to be attributable to the drug; similar reac-
tions were noted in 5 (15 per cent) of the 33 patients
during administration of placebo (P<0.01) (Table 4).
The one patient withdrawn from the trial because of
a drug reaction had severe diarrhea after nine weeks
of methotrexate therapy (cumulative dose, 90 mg);
without the drug, the diarrhea resolved during a
seven-day hospitalization. The side effects in the
other patients were clinically mild. Elevated serum

Table 3. Patients' Responses to Treatment.*
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Table 4. Adverse Occurrences.”

Mogsw Event DURING APMINISTRATION OF:

METHOTREXATE
(N=3D

PLACENO
(N=133)

na. of parlents

Abnormal transaminase 7 (21%) 1(3%)
Nausca 6 (18%) 3 (9%)
Diurrhea 4 (12%) 0
Alopecia 2
Stomatitis
Headache

Skin infection
Anorexia
Yomiting

Rash

Buck pain
Cough

Chest pain
Stroke

Death
Abdominal pain
Depression
*There wers 383 patient-wueks of methoirexate adminisization and 369

putient-weeks of placebo administration in this study, The rushes, buck or
chest pain, and cough were not considered 10 be drug-related.

(12%)

e - O P D - OO

CC OONNNN— — NN

levels of aspartate and alanine aminotransferase oc-
curred in seven (21 per cent) of the patients taking
methotrexate and returned to within normal limits
after the medication was withheld for one to three
weeks. One patient taking placebo had a transient
elevation of both enzymes.

Immunologlc Studles

There were no significant differences between the
methotrexate group and the placcbo group in the
mean titers of rheumatoid factor, the level of immune
complexes, or the number and percentage of blood
mononuclear cells expressing the phenotypic and acti-
vation markers measured in either Period 1 or 2 of

the trial (data not shown). No func-
tional indication of methotrexate-

VARIABLE TREATMENT DEGREE OF RESPONSE
MARKED MODERATE
IMPROVEMENT T T
no, of patients
Joint-swelling index  Methouexate 13 (39%) 7 -
Placebo 2l %) 2 -_
Joint-tcndemess/ Methowrexate 18 (54%) § 6 —
pain index Placcbo 3 (17%) 0 —_—
Physician usgessment  Methotrexate —_ —_ 12 (36%) *
Placebo — — 0
Patient ussesement  Methotrexate - —_ 14 (42%) %
Plucebo - -— 1 (6%)

attributable immunosuppression
was found in the thymidine-incor-
poration assays. Likewise, no distin-
guishing immunologic alterations
occurred in the subgroup of eight

NO
CHANGE  WORSENING

13 0 patients with dramatic responses to
14 0 :

methotrexate. Six (18 per cent) of
2 : the 33 patients who received meth-
a1 0 otrexate in the trial had stimulation
17 1 indexes of less than 2 in response to
19 0 all antigen challenges at study en-

1

16 try. These anergic patients had a

*The !

12 weeks of

d for 33 patients who received methotrexate in either Period 1 or Period 2 of the
study, mdw-cumpuudwllhmspammobwwd in a coatrol group of |8 patients randomly assigned to placebo ut entry,
The degree of response represeats either the change observed after 12 weeks of test medication or, for the mpmem given

lower T4/T'8 ratio at entry than the
27 patients with responses to anti-

Ayl vl sy gens in vitro, although this tenden-

mathotrexate and the two given placebo who did not comp the resp
1P<0.05.

$P<0.01.

cy was not statistically significant
(mean ratio =S.E., 1.6=0.7 for the
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anergic group vs. 2.4%0.2 for the immunocompetem
group). This functional alteration in immunocompe-
tence was not associated with prednisone therapy.

DiscussioN

The results of this study confirm uncontrolled re-
ports of the antiinflammatory effect of low-dose meth-
otrexate in patients with advanced rheumatoid arthri-
tis that is resistant to conventional therapy.®* The
recrudescence of the disease after methotrexate ther-
apy and the significant methotrexate-associated differ-
ence in disease variables between the groups at cross-
over make it difficult to determine the degree of benefit
attributable to the drug in the Period-2 trial. Gastro-
intestinal problems were the most common adverse
reactions to methotrexate in this short-term trial, The
relatively small number of patients involved may ex-
plain why the more serious adverse reactions that can
occur with low-dose methotrexate administration —
e.g., bonc-marrow suppression’’ or acute pulmonary
toxicity'®!9 — were absent in this study. Transami-
nasc elevation occurred in 21 per cent of the patients
receiving methotrexate. The importance of these en-
zyme clevations is uncertain; long-term administra-
tion of low doses of methotrexatc may be associated
with hepatotoxicity.'?

One important question is whether subsets of pa-
tients with rheumatoid arthritis will have a better re-
sponse to methotrexate. There was no indication that
patients receiving concomitant low-dose prednisone
therapy benefited more from methotrexate than pa-
tients not taking this glucocorticoid. The results of this
study are consistent with the proposal that a small
subpopulation of anergic patients with rheumatoid ar-
thritis exists?!#?; the response of the patients to meth-
otrexate did not exceed that of the immunocompetent
participants, and they rehained anergic after therapy
with this drug. The observation, which requires con-
firmation, that patients with the HLA-DR2 haplotype
respond markedly to low-dose methotrexate therapy
is of interest. Earlier reports have related HLA-
DR2/Dw2 with a better outcome in rheumatoid
arthritis.2%?*

This trial, as well as the initially reported results of
a randomized multicenter study,?3 provides evidence
of the short-term value of low-dose methotrexate in
patients with rheumatoid arthritis uncontrolled by
more conventional therapy. Lengthy prospective trials
are required to determine the ultimate benefits and
disadvantages of this treatment.

We are indebted to Drs. Ronald Anderson, William Docken,
Matthew Liang, and Jean Jackson for referring patients to this
study; to Drs. Barbara Weissman and Leland Sosman for analysis of
radiographs; to Ms. Agnes Maier [or administrative assistance; to
Dr. Peter Schwartz and Ms. Kathleen Benfell for distributing the
test medications; to Dr. K. Frank Austen for hetpful discussions; 1o
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Ms. Donna Rowland, Roselynn Dynesius-Trentham, Lynn Collins,
and Lorie Lyrink for technical assistance; and to Ms. Dee Condon
and Irene Jordan for assistance in preparing the manuscript.
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