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Abstract Background., The antimetabolite methotrex-
ate has been shown in placebo-controlted trials th be ef-
fectiv in adults with rheurmatoid arttrite. Methotrexate
tay alzo be effective in children with resistant juvenile
rheurmatoid athritis, but the supporting data are from un-
contralied trials,

Methods,  Centars in the United States and the Soviet
Linion participated in this randomized, controled, doubilee
blind trigl desigred to evaluate the effectiveness and safe-
ty of orally admipistered methotrexate, Patlents received
one of tha following treatments aach week for six months;
10 mg of methetraxate per square meter of body-surface
ared (low dose), 5 mg of methotrexate per square meter
(very low dose), or placebo. The use of prednisone (=10
my per day) and two nonsteraidal antiinflammatory drugs
wis algo allowed,

Results.  The 127 children (mean age, 10.1 years) had
a mean duration of disease of 5.1 years; 114 qualified for

IU'WVENILE rheumatoid arthritiz is the most com-

mon rheutnatic condition of childhood, with an
annnal incidence of about 1.4 cases per 10,000 chil-
dren under the age of 16 years in the United States,
and a prevalence of roughly I per 1000.'” Three types
of onset of juvenule rheumatoid arthotis are recog-
nized, each of which has a characteristic clinical, epi-
demiolagic, and genetic pattern.” The systemnic-onset
form produces a rheumatoid rash and intermittent fe-
ver (temperature, »39,4°C, with daily return to nor-
mal); anemia, pericarditis, and hepatosplenomegaly
are common. The arthritis usually invelves multiple
joints. Polyarticular onset is charvacterized by arthritis
in five or morc joints, and oligearticular onset (also
referred to as pauciarticular) i$ characterized by ar-
thritis in fewer than five joints. Rheumatoid rash and
intermittent fever ave absent in the polyarticular and
oligoarticular forms, although other systemic manifiese.
tations may occasionally be present,
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the analysis of efficacy, According to 4 composite index of
several responge variaklps, 63 peroent of the children who
recaived [ow-doss methatrexate improved, ag comparsd
with 32 persant of those in the very«Jdow-doze group and 36
paroent of those in the placebo group (P = 0.013). Ag
corpared with the placebo group, the low-tiose group
also had significantly larget mean reductions from base
lime i the number of jolnts with pain on motion (—11,0 ve.
~7.1), the pain-aeverity soore (—19.0 ve, —11.5), the
nurnber of jolnts with limited motion (5.4 va, —0.7}, and
the erythrotyte sedimerdation rate (19 va. ~6 mm per
hour). In the methotrexate groups only three children had
the drug discontinued bacause of mild-to-moderate side
effects; nome had severe loxicity,

Conclusions.  Methotrexate givan weekly in low doses
is an effective treatmennt for shildren with resistant juvenile
rheumatoid arthritis, and at least v the short term this
regimen is safe. (N Engl J Med 1992;326:1043-8,)

Approximately one third of all patients with juve-
nile rheumatoid arthritis achieve adequate controel
of their disease with nonsteroidal antiinflammatory
drugs; the remainder are candidates for morc aggres-
sive therapy with second-line agents. In large random-
ized trials in adults with rcfractory rheumatoid ar-
thritis, the antimetabolite methotrexate has had thera-
peutic advantage opver placebo, with an acceptable
safety profile.*s Long-term studies have shown that
the therapeutic cffecr of methotrexate may persist
for extended periods.®'' Aneedotal reports and the
results of uncontrolled trialy of the efficacy and
safety of low-dose methotrexate in juvenile rheuma-
toid arthritis have baen encouraging.'®” For these
reasons the Pediatric Rheumatology Collaborative
Study Group (PRCSG), in conjunction with col-
leagues in the then Boviet Union, conducted this dou-
ble-blind, randomized, placﬂhm-mntmllad trial to as-
sess the r:herapeutic: effects of two different doses of
methotroxate in children with resistant juvenile rhey-
matoid] arthritis.

Mersons

The study was condunesd wnder the Cooperation in Maedieal Sei-
ence and Public Health Agreemmant (gigned on May 23, 1872, in
Museow) and was & eollaborative affort hetween physiclan: and
seientisls in the United States and the Soviet Union. A total of 23
pediarric rheumatolegy centers in the two countrizg participated (18
in the Unired Stares and 5 in the Boviet Union).

Study Deslgn

The investigation was designed as a prospective, parallel, multis
center, placebo-controllad, randemized, double-hblind ¢linical trial
of six months' duration, Randomization was in hlogks of three
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ag 40 percent in the rate of response hetween the active drug and
placebo was considered important to detect as statistically signifi-
cant. We eatimated that approximately 30 percent of the patients
given placehe would be claseified as improved. According to the
tablrs presented by Gehan and Schneiderman,® and assuming the
use of two-tailed tests, 2 minimum of 3} patients were reguired in
rach group,

We tested proportional data [or significance vaing rhe shi-srutee
test pr, where appropriate, Fisher's exact test. Stavstisal signifis
cance by the chi-square test was required for tables with mors than
1 degree of freedom before partitioning. For continuous variablas,
mean valnes were compared by one-way analysis of variance, When
rultiple-pange iests beearne appropriate, Dunoett's wmethod foc
making eultiple comparisons with 2 placebe® was used. Two-way
analysis of variavae wae used to teat for the effects of drug and
countty ox the change in articular indexes. The Bonferront correc-
ton was used Lo adjust for the testing of multiple hypotheses
{n = 12) among seeondary vatialles and in the analysis of response
in subgronpa of patienta, Both unadjusted and adjnsied values are
showen, however, if & P value was significant (=50,05) before covreq-
rign, and e results are referred to as statistically signifcant,

Emphagiz was placed on the intention-to-treat analysis rather
than the apalysis of those who completed the encire siz-month trial,
The intention-to-treat technigque used the values of response vari-
ables at the final visif, whether or not the patient completed the
antire trial, This approach offered several advantages: more pa-
lients were availablé for the analysiz of efficacy, data on those wha
dropped out before completion sould be included, and it more close-
ly reflected how physicians ¢valuare a therapentic agent in the clini-
cal sctting, outside an skperimenti] protocal.

Resvrrs

A total of 127 patients (96 givls and 31 boys) were
erivalled in the trial (86 in the United States and 61 in
the Soviet Union). Age and duration of disease at
entry averaged 10,1 and 5.1 years, respectively. The

- disease course was systemic in 32 patients {25 per-

cent), all of whom also had polyarthritis, Forty-six
children received low-dose mothotraxate, 40 received
very=low-dose methotrexate, and 41 were given pla-
cebo. Randomization worked well; there were no sig-
nificant diffsrences among the treatrent groups in
any of the demographic or discase charactevistics
shown in Table 1. Patients from the twe countries
were distribured about cqually among the three treat-
ment groups. Those from the United States had a
higher mean (ASE) number of joints with active are
thritis (2742 vy, 20082, P<0,046), but the mean ar
theular-severity score (112) was the same for the two
COUITies,

Indomaethacin was the most frequently used cononr-
rent nonsteroidal drug (26 percent}), lollowed by na-
progen (18 percent), tolmetin sodinm (17 percent),
diclofenac sodium (16 percent), aspivin (16 percent),
and other agents (6 percent).

Efficagy

Paticnts were included in the analysiz of efficacy if
they met all eligibility criteria, received the study drug
in hlinded fashion for a minimum of ane month, were
100 pereent compliant with the prescribed regimen
during at least 80 percent of the follow-up period, and
complied with the other specifications of the protocol
regarding restrictions on other medications and return
visits to the clinic.
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Table 1. Demographic and Clinical Characteristics of the Fatlents
at Entry, According to Study Group.

Low-Tiose WENy-LAWTIONR
WETHETREXATE WMETHIITRESATE PLACENG
CHANACTERETIC (M = i) (M = 40) {4~ 41)
Age (yr)
Average 10.1 Q9.0 10.5
Range 2.5-118 53174 3,818
Disease durathon (yry
Average 4.8 4.8 3.8
Range 0,6w15.5 0,5-11.8 0.6-14.4
No. (%) fernale KERYPY 29173 34 (83}
Mo, (%) taking Jowadlone 15030 1513 Co1d (M)
prednisone
N, (%) wking twe Jn 319 3 (7.8
NEAIDST
No, {%) with gystemic- 92w 11 (28] 12009
onset disense
Mean (£SE) no. of joints 27 (20 20 12) 24 (3

with active: arthritisi

*Thers were v slgnifiennt differences amang the reniment groups in oy of the chormcters
iglie,

TNSAID denoncy nanssroidnl natinflammptory dng,

1500 the Motliads seanion for a dafiaidon of renve arthelilz.

Qf the 127 enrolled patients, 114 {90 percent) quali-
fied for the analysis of efficacy, ineluding 38 (83 per-
cent) of the 46 in the low-dose group, 37 (92 percent)
of the 40 in the very-low-dose group, and 39 (95 per-
cent) of the 4] who took placebo. Among the 13 pa-
tents excludad from the efficacy analysis, 8§ violated
the specified doses for concurrent nonsteroidal agents,
3 violated the predmisone regimen, 1 was noncoms-
pliant in taking the study medication, and 1 was dis-
covered o have had fewer than three joints that met
the criteria for active arthritis at the base-line visic.

Only 11 of the 114 children in the efficacy subgroup
took twis concurrent nonsteroidal agents during the
trial, These patients were equally divided among the
treatenent groups, and their data were not considersd
separately. A tota) of 40 patienis in the efficacy sub-
group received lowsdose prednisone during the trial,
icluding 14 who were given low-doge methatrexate
and 13 in cach of the pther vwo groups. Since the
mumbers were small and the dose low and constant,
data for those who received prednisone were not anas
lyred separately.

Ameong the 127 randomized patients, 108 completed
the entire six-raomth trial, including 97 {83 peroent) of
the 114 in the efficacy subgroup.

Giobal Assesament

Figure I shows the percentages of patients at rach
return vigit who had clinical improvement from
their base-ling condition, according o the physi-
cian's global asscssment. Both methotrexate groups
had consistently higher proportions of patients with
improvement than the placcbe group. According
to the physician’s final glebal assessment, a sig-
nificantly higher proportion of patients improved
in the low-dose group than in the placche group
(¥ with 2 df = 7.53, P = 0.023). Those in the very-
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tion of the oral mucosa accompanied by headache and
gastrointestinal problems. Five of the 4] paticnts
whn took placebo (12 percent} had side effects, all
of which were gastrointestinal. ‘All side effects were
graded as either mild or moderate in severity, except
for two cpisodes of stomach pain graded as severc
m a patient receiving placebo. No pationt had evi-
dence of methotrexate-induced pulmonary disease
during the trial,

Laberatary Evidence of Toxieity

Patients who received methotrexate had more ab-
normal results on laboratory tests that were judged to
be clinically important and possibly, probahly, or defi-
nitely related to the study medication than those given
placebe, Fifteen parients who recetved lew-dose meth-
otrexate, 15 who were given vory-low-tlose methoirex.
ate, and § who were given placebo had such results,
Among the patients given methotraxate, the maost fre-
quent abnormal results were alterations in the differ
entia] whitc-cell count, hematuria, pyoris, and the ele-
vation of serum aminotransferase levels, Elevations
of aminetrangferase lovels and anemia were the mogt
frequent abnormal results among the paticnts given
placebo, Other clinical-chemistry data were unre-
markabile,

Dropouts

A togal of 19 patients (10 in the United States and
9 in the Soviet Union) discontinucd therapy beforc
completing the six-month tria]l (Table 3). Two pa-
tients in the low-dose group dropped out because of
adwerse oifects: persistent clevations of serurn aspar-
tate and alanine aminotransferase (levels up to 120 IU
per liter) in one and persistent hematuria in the gther,
Both problems resolved quickly after the discontinua-
tion of the study medication. One patient given very-
low-dose methotrexate had a persistent skin rash and
was dropped from the study one month after entry.
The total numbers of dropouts were not significantly
different among the groups.

Dsoussion

The results of this trial confirm atiecdotal reports
and evidence from uncontrolled trials that low-dose
methotrexate has antiinflammatory activity and clini-

Tabls 3. Reasons Patients Left the Study, According to Study

Graup.
Low-Thyse VirysLaw-Dasg
METHOTKEXATH METHRTREXATE PLACERD
REasoM (N = 463 [N ~ 40 N = 41}
ne, of patienis (%)

Tunttactivensss of dovg 0 28 S
Adverse effacts 204 1(2) [P R0)]
Intereurrent Hlness FRC] 2(5 I (2)
Admintstrative reusons | 204 )] (73]
MWoncampliancs with protoesl 1in 0 0oy
Taotal 78 302 T
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cal cffectiveness in resistant juvenile rheumatoid ar-
thritis, We also found a trend woward a dose-response
relation in the low-dose and very-low-dose methotres-
ate groups, similar to that reported by Furst et al®
in adult theumateid arthricis. The favorable findings
from the present study should be encouraging news
for clinicians faced with managing a child's disease
that has failed to respond adequately o nonsteroidal
drugs. Methotrexate has distinct advantages over
other sceond-line agents, including its oral route
of administration, once«a-weck dosage, lack of knpwn
encogenicity, and lack of long-term effects on ferul.
ity, The choice of which second-line agent to use
initially has become more difficult in recent years,
after controlled trialy'and long-term prospective stud-
fes showed a Jack of efficacy among the agents in com.
mon use, "2 Parenternl gold remains a therapeutic
option, byt its considerable tnxicity® and inconven-
ience must be considered]. Furthermore, injectable
gold salts have never been assessed in a controfled trial
in children with arthritis, Thos, the tendency among
pediatric rheumatologists to considar the use of methe
otroxate earlier in the disease, and before othor seo
and-line agents, is likely to continue,

There was a consistent trend in this study roward
greater improvement in the low-dose group across ail
indoxes of articular discase; some of the mean changes
were not statistically significant, howeaver, The varj-
ability of the changes within the treatment groups, the
limited sample size, the corrcctions [or testng of
multiple hypotheses, and the high rate of response to
placebo in all previous PRESG studies undoubtedly
affected our ability to detect some changes as statisti-
cally significant. The recent development of a child-
hood health-asgessment questionnaire and functional-
ability toal may provide more sensitive measures of
response in future trials. ™ Nevertheless, the results
ohtained here represcnt by far the most encouraging
data from a trizl of a sccond-line agent undertaken by
the PROCSG, ‘

The equality of response across treatmment groups in
the subgroup of patients with severe disease is unex-
plained. Since all three groups showed dramatic im-
provement in the articular-severity score, it is possible
that there was & greater regression toward the mean in
these children with severe discase that sffectively
blurred any difference in regponsce produced by meth-
otrexarte,

The concurrent administrajon of aspirin is knowsn
to slow systemic and renal clearance and increase the
unbound fraction of methotrexate, perhaps resulting
in greater toxicity.?® We did not observe such an asso-
ciatign among the 20 children (16 percent) who took
agpirin, Among the 14 children who had clinieally im-
portant physical adverse cffects while rectiving meth-
otrexate, 2 (14 percent) were taking aspirin. Among
the 30 children treated with methotrexate who had
suhstantial abnormalities i laboratory indesas of tox-
icity, 4 {13 percent) were receiving aspirin.

Although mild elovations of serum aminotrans-
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ferase levels were common in all the study groups,
only four children in the low-dose group, onc in the
very-low-dose group, and one in the placebo group
had markedly elevated (more than two times the up-
per limit of normal) cnzyme levels (range, 85 to
134 TU per liter). Possible explanations for the Jack
of hepatotoxic cffects include the duration of the
trial, the administration schedule of a single dosc
per week, and the low cumulative doscs to which the
children had been expased. Also, previous concern
about the hepatic toxicity of methotrexate may have
been exaggerated.®® A prospective study of the chil-
dren who received methotrexate during this stdy is
now under way to evaluate long-term outcome and
safety,

In conclusion, methotrexate at a dose of 10 mg per
square meter per week appears to have greater ¢clinieal
cffectiveness than placcbo in children with juvenile
rheumatoid arthritis. The short-term safsty profile is
acceptable. GGiven the results of previous trials by the
FRCSG, the use of mcthotrexate as the initial second-
line agent in resistant juvenile rheumatoid arthritis
appears to be justified,

We are indebted 1o Academician Valentina 4, Nasacnova, M.I2.,
of the Academy of Medical Sciences, Maseow; John Elippel, M.1.,
and Lawrence E. Shulman, M1, Ph.D., af the National Institges
of Health, Bethesda, Md.; Marlene Haflner, M.I., John Harer,
M.D., and Kent Johneon, M.D., of the Food and Drug Adminis
tration, Washington, D.C.; and Dick Ryan, Harriet Kilte, M.D.,
and Margaret Gandt, M.D., of Lederle Laborataries, Paarl River,
N.Y., for their assistance in ocganizing and conducting this
study,

The participating elinical investigators in the United States were
{in alphabeticai order} Bram H. Bernstsin, MDD, Harry .
Gewanter, M.T)., Jarry C. Jacobs, M.D)., Debarah W. Kredich,
M.D., Robeet N, Lipnick, M.D., Danisl J, Lovell, M.D., M.P.H..
Lauren M, Pachman, M.D., Murray H, Passo, M.D., Donald A.
Person, M.I)., Jane G. Schailer, 8.0, Charles H. Spencer, M.T,,
Ilona %zer, MLD., and Carelyn L, Yancey; M.D. In the Soviet
Union the partil:ipating clinical investipators were Danute Astrays-
kewe, M.I}, Ludmila Isacva, M.I) (deceased), Nina Letenkova,
M.D., Eliana Puogicnene, M.I., Tnessa Shakhbazyan, M.D.,
Marina Steherbakova, M.D., Alexandra Yakovieva, M.DD., and
Seraphima Yandashevskaya, M. D, The senior scientist in, the Soviet

" Unian waz Boris Shokh, M.12,
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