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Abstract. Thirty-two children affected by juvenile decade ago forthe treatment of rheumatoid arthritis (RA),
rheumatoid arthritis (JRA) were studied with serialat a low dose administered weekly. Double-masked,
measurements of bone mass for an average of 1placebo-controlled trials have established the efficacy of
months, to evaluate the effects of long-term methotrexMTX in the treatment of adult and juvenile RA [1-4].
ate (MTX) treatment on bone. Bone mineral densityToxicity is the main reason for discontinuing MTX in RA
(BMD) was measured on lumbar spine and total bodypatients; the most important side-effects are hepatotoxi-
During MTX therapy some increase in BMD was city and gastrointestinal complaints, while pulmonary
observed, though this was smaller than in a controend hematologic toxicity are uncommon [5,6].
group of healthy children. Axial (spine and trunk) and Recent studies have focused on the possible effects of
appendicular (upper and lower limbs) BMD showedMTX on bone. MTX osteopathy was recognized in
similar increases. BMD, either as an absolute value or ashildren with leukemia treated with high doses of MTX
a percent variation from baseline, did not correlate with[7]. Moreover, two studies on patients with malignancies
either MTX dose or length of therapy. In children treatedsuggested an effect of MTX on bone mineral density
also with corticosteroids, these drugs negatively influ{BMD) that could be dose-dependent [8,9]. Animal and
enced bone mass increase. The main determinant @f vitro cellular studies showed that even low doses of
absolute spine BMD value appeared to be weight, whileMTX can be toxic for bone [10,11], and one of these
height and lean mass seemed to be the determinants siudies showed that the drug can accumulate in the
total body BMD. Pubertal stage and disease activitycortical and trabecular bone of RA patients [11]. We
significantly influenced the yearly change in BMD. In could locate only a few studies on the effect of MTX on
conclusion, our data suggest that long-term, low-doséone in patients affected by RA, all of them performed
therapy with MTX does not induce osteopenia inon adult subjects [12—-15]. We believe it is of the greatest
children with JRA. importance to examine the effects of MTX treatment for
RA in the young, as their skeletal growth is already
Keywords: Bone mass; Bone mineral density; Children;impaired by the disease. We therefore carried out a
Methotrexate; Rheumatoid arthritis longitudinal study to assess the changes in BMD during
low-dose weekly MTX treatment in children with
juvenile rheumatoid arthritis (JRA).

Introduction

Methotrexate (MTX), a folic acid antagonist widely used Materials and Methods

in chemotherapeutic regimens, was introduced about gatients
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of diseaseangedfrom 6 monthsto 13 years(mean5.9+

4.6 years).The onsetof diseasevasoligoarticularin 13
casessystemicin 10 and polyarticularin 9. During the
study (i.e., between the first and the last BMD

measurement®2 patientshad not yet enteredpuberty,
5 hadalreadyenteredpubertyand5 hadreachegubertal
maturity. All patients were taking non-steroidalanti-
inflammatorydrugs (NSAIDs) and 16 were also taking
corticosteroids(prednisone),and continued this treat-
mentthroughoutthe study.In addition,MTX wasgiven
asa second-linadrugfor arthritis. The ageat the startof
MTX treatmentangedfrom 2.6to 15.4years(mean9.8
* 5.3years).Sixteenchildrenwereadmittedto the study
just before startingMTX therapy(Group 1). The other
16 children were admitted during establishedMTX

therapy (Group 2). A control group of 45 healthy
children matchedfor age and sex,who were not taking
any drug, was also studied.

Oral consento beincludedin the studywasobtained
from the children’sparents andthe studywasapproved
by the ethics committeesof both the authors’ institu-
tions.

Methods

The studyhasbeenin progresgor 18 monthson average
andis continuing,with periodicalmeasurememnf BMD
in all patients.MTX was administeredntramuscularly,
onceaweek,ataninitial doseof 10 mg/nt bodysurface.
The dosewas progressivelyincreasedup to 25 mg/nt
per week in the caseof absentor insufficient clinical
response.

The patientsin group 1 underwenttheir first BMD
measurementbefore starting MTX therapy, and the
secondmeasuremenafter at least 6 months of MTX
therapy. Those in group 2 underwentbaselineBMD
evaluationupon admittanceto the study, after about3
yearsof MTX therapy(meanduration27 + 7.6 months),
andthe secondmeasuremerst leasté monthslater. All
the patientshavehad at leasttwo BMD measurements,
many of them three, and some even four, always at
intervals of at least 6 months. In the control group
children,BMD was measuredwice: immediatelyupon
recruitment,and after aninterval of 12—24months.

At eachBMD measurementyeight, height, number
of activejoints anderythrocytesedimentatiomate (ESR)
wererecorded Thetotal doseof MTX persquaremeter
takenupto thelastdensitometricstudy,aswell asthatof
corticosteroidsakenin themeantimewasalsorecorded.
BMD was measuredon lumbar spine and total body,
using dual-energyX-ray absorptiometry(DXA). For all
but thefirst 6 measurementgn 6 childrenof group2), a
Hologic QDR 2000device(Hologic, Waltham,MA) was
used.In thosefirst 6 casesfrom group 2, the baseline
measuremendf BMD was performedusing a Hologic
QDR 1000W. The QDR 1000W scans were later
reanalyzedwith the software of the Hologic QDR
2000, and theserecalculatedresults were usedin the
study. In addition, in these 6 cases the second
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measurementvas performed twice on the same day
with both the old QDR 1000Wandthe new QDR 2000,
in orderto verify that the different devicesdid not give
significantly different results.

All BMD measurementaere performedaccordingto
the following protocol. Lumbar spinescanswere made
with the patientlying supineon the imaging table, the
legs raised by a supportto reduce the physiologic
lordosis and to align the disk spaceswith the X-ray
beam.In the lumbarspinethe selectedegionof interest
(ROI) includedL2—4, with the spinewell centeredn the
analysis box. Total body scanswere made with the
patientlying supine,the legs straighton the table, the
feet stretchedandthe armsmovedawayfrom the body
and turned with palms toward the table. Total body
measurementincluded BMD, fat and lean mass.
Different subregionsof interest were also analyzed,
i.e., head,arms,legs, spine(thoracicandlumbarspine),
ribs, pelvis. For BMD andboth fat andlean massesywe
consideredthe following ROls: limbs (arms + legs),
trunk (spine+ ribs), pelvis. Bonemasswasexpresse@s
BMD (mg/cnf). In our laboratory the coefficients of
variation (CV) were <1% and <1.3% respectivelyfor
spineandtotal body.

Statistical analysis was performed using Excel 7
(Microsoft 1995) for descriptive statistics and Stat-
graphics 2.1 (Statistical Graphics) for regression
analysis.The meanand standarddeviationare reported
for eachvariable.Paired Student’st-testswere usedto
comparebaselineandfinal datafor normally distributed
variables; nonparametrictests were usedfor variables
not normally distributed. ANOVA wasusedto compare
changes between groups and controls. Simple and
stepwiseregressiornanalyseswere performed.Stepwise
regressiorwaschosernin orderto identify the bestsubset
of variables predictive of bone density in our RA
children.

To calculatethe difference betweentwo successive
measurementél,, and T,,_,), we calculatedthe percent
variation, i.e.:

Variation (%) =

Results

The dataobtainedfrom the two groupsof childrenwere
analyzedboth separatelyand together.In both groups,
age, sex distribution, anthropometricdata and disease
severity (as assessethy the ESR value at the start of
MTX treatment)werecomparablgTablesl, 2). In both
groups,an increasein bone masswas observedduring
MTX therapy. Such increaseswere not significantly
different betweenthe two groups (Table 3), but the
increase observed in each group was significantly
different with respectto the control group of healthy
children matchedfor age and sex (Fig. 1). Analyzing
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Table 1. Anthropometricdata

Groupl Group2
No. of patients 16 16
Sex 13F,3M 12F,4M
Age (years) 89 +4.1 8.7 +4.7
Weight (kg) 30 +16.7 28.3 +14.7
Height (cm) 127.4 +22.7 1255 +23.5
Body surface(m?) 1.02+0.09 0.9740.09
Body massindex 17.6 +4.4 175 +£3.1
Body massindex = Weightin Kg /(Heightin m)?
Table 2. Clinical data

Group1 Group?2

Diseaseduration(months) 56.2+46 181 +106
Durationof MTX therapy(months) 16 +9.5 53.64+19
MTX cumulativedose(mg) 728 +623 2231 +665

No. of patientstreatedwith CS 6 10
CS cumdative dose(mg) 3980 +2238 7287 46618
ESR (mm/h) at startof MTX 60.3+8.8 65.8+9.1

MTX, methotrexateCS, corticosteroidsESR,erythrocytesedimenta-
tion rate.

Table 3. Bone massdata(absolutevalues)

Spine(mg/cn?)  Total body (mg/cnf)
Group 1
BMD beforeMTX 620+ 190 760+ 120
BMD after MTX 650+210* 800+ 140*
Group 2
BMD baseline 620+170 740+100
BMD after MTX 660+ 200** 770+ 90**

*p<0.02 versusbeforevalue (paired Student’st-test).
** n<0.02 versusbaselinevalue (paired Student’st-test).

BMD change (%)

total body

spine

‘D Controls Group 1 Group2‘

Fig. 1. Yearly increasein bone mineral density (BMD) in the two
groupsof children with juvenile rheumatoidarthritis (JRA) treated
with methotrexateomparedvith a groupof controlsmatchedor age
andsex.In both groupsof children with JRA someincreaseén BMD
wasobservedor both spineandtotal body. Theseincreasesverenot
significantly different betweenthe two groups(* = NS). However,
theseincreasesveresignificantlylower (** = ANOVA, p<0.02)than
thoseobservedn controls.
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Fig. 2. On a total body scan of the axial (spine + trunk) and
appendiculallower and upperlimbs) skeletonBMD showedsimilar
ratesof increasean both groupsof children treatedwith methotrexate.
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Fig. 3. Thechangen spineBMD (i.e., the differencebetweerthefirst

andlast BMD values,calculatedas a percentageyersuscumulative
doseof corticosteroids(CS) showeda significantnegativeregression:
r = —0.63,p<0.01.

Table 4. Correlationsbetweenbone massdata and anthropometric
andclinical data

Versus SpineBMD Total body BMD
Age r =0.30(NS) r = 0.41(p<0.05)
Weight r = 0.92(p<0.001) r =0.83(p<0.01)
Height r = 0.49 (p<0.05) r =0.92(p<0.001)
Body massindex r = 0.50 (p<0.05) r = 0.62(p<0.02)
Leanmass r = 0.58 (p<0.02) r = 0.93(p<0.001)
Fatmass r = 0.65(p<0.01) r = 0.50(p<0.05)
Yearly changein Yearly changein total
spineBMD body BMD
Pubertalstage r =0.63(p<0.02) r = 0.65(p<0.02)
ESRdecrease r = 0.58(p<0.02) r =0.52(p<0.02)

Table 5. StepwiseregressiorbetweenBMD dataandanthropometric

data

Independat variables
(includedin the model) (dependenvariable)

SpineBMD
Model R? = 0.52

Total body BMD
(dependentariable)
Model R? = 0.61

PartialR®> (p value)

PartialR*> (p value)

Weight 0.32 (0.001) 0.15 (NS)
Height 0.13 (NS) 0.31 (0.001)
Leanmass 0.16 (NS) 0.30 (0.001)
Fat mass 0.27 (0.01) 0.09 (NS)
Age 0.11 (NS) 0.13 (NS)
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axial BMD (i.e., spineandtrunk) andappendiculaBMD
(i.e., upper and lower limbs) separately,a similar
increasewas observed thus indicating the presenceof
a uniform increaseat the different skeletalsites(Fig. 2).

Bone mass,considereceitheras an absolutevalue or
as a percentvariation, did not correlate with MTX
therapy: neither cumulative MTX dose nor treatment
length appearedo influencebone mass(r = 0.17 and
r=0.12, respectively). This result did not change
accordingto whetherthe two groupswere considered
separatelyor together.In contrast,the cumulativedose
of corticosteroidsclearly exerteda negative effect on
bone mass:in particular, spine BMD showeda high
negativeregressionwith the cumulative corticosteroid
dose(Fig. 3), while total body BMD appearedo be only
slightly affected by steroiduse (r = —0.39, p=0.05).
Different factors had a significant influence on the
absolutevalue of bonedensity: age,weight, heightand
lean massshoweda significant correlation with both
spine and total body BMD (Table 4). The same
correlationwas observedin both groups.In particular,
the main determinantof spinal BMD appearedto be
weight(stepwisaegressionR? = 0.32),while heightand
lean mass seemedto be the maost important factors
influencing total body BMD (R®* = 0.31 and 0.30,
respectively) (Table 5). Pubertal stage and disease
activity (asindicatedby the decreasen the ESRvalue
during therapy) seemedto have an influence on the
yearly changein BMD (Table 4). The most consistent
increasein bonemass(+12.7 £ 4.3%) was observedn
the 5 childrenwho completedpubertyduring our period
of observation.

Discusson

In RA, juxta-articularosteopeniat the level of involved
joints [17,18] is commonly observed.A generalized
osteopenia/osteoporosis often found, due to many
concurrentfactors, such as reduced mechanicalload
(poor mobility), long-term steroid treatment,and the
humoraland local factorsof the inflammatoryprocess.
The complexity of the diseasethe multi-organinvolve-
ment,thedegreeof immobilizationandthevariousdrugs
usedfor treatmenthave not yet allowed researcherso
drawdefinitive conclusionn the main factorsaffecting
bone.

The introduction of methotrexaten the treatmentof
JRAraisesthe questiorwhetherit could be a furtherrisk
factorfor boneloss.Somestudieqd 7—12] havepointedto
a possibledirecttoxic actionof this drugon bonetissue,
especiallyin younger patients. MTX has been exten-
sively usedfor thetreatmenbf leukemiain childrenand
some studies reported multiple fractures, osteopenia,
bonepain[7,19,20]anddelayedhealingof fractureg[7].
Two pointsmust,however,be stressedln malignancies,
MTX mustbetakenin very high dosedor long periods.
Moreover, in these studies the patients affected by
osteoporosiand/orfracturesoften sufferedfrom multi-
systemicMTX toxicity. In a recentstudy on 23 young
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adultsaffectedby osteosarcomayITX (either 7.5 g/m?
or 750mg/n? in 9 infusionsover a periodof 8 months)
wasusedwithout inducingfracturesor bonepain: butin
the patientstreatedwith the higherdoses,a lower bone
mineral contentat ultradistalradiuswas observed21].
Recently,it was reportedthat MTX for 18 months(no
dosagespecified) was associatedwith a significantly
reducedBMD in the forearm of 11 postmenopausal
women affectedby primary biliary cirrhosis,compared
with 11 womenin a similar condition but not on MTX
(no significant differenceswhere observedin BMD at
spinalandfemoral sites)[22].

The use of MTX for the treatmentof RA hastwo
special features. First, the diseaserequireslong-term
therapy, so that the risk of bone toxicity must be
specifically assessedSecond,relatively low dosesare
generallyneededA studyreportediocalizedosteopenia
andbonepainin two elderly patientsaffectedby RA and
treatedwith MTX [13]: however giventhe patients’age,
we cannot exclude other pathogenetic mechanisms
underlying skeletalalterations.A few studieson small
animals,and one study on synovial and bonetissuesof
patients submittedto surgeryfor rheumatoidarticular
lesions, demonstratedthe presenceof MTX in both
trabecularandcortical bone[12,23-27].This waslinked
to the possibility of bone damage,on the basis of
inhibition of osteoblasticactivity and stimulation of
osteoclasticrecruitment, resulting in a net increasein
bone resorption.In a brief report on 20 aged patients
affected by RA and treatedwith MTX, a significant
reductionin forearmBMD wasobservedccomparedwith
20 subjectsnot receiving MTX [15]. In both groups
BMD waslower thannormal, andthis may reflectonly
the frequently observedperi-articularosteopeniaf the
wrist (or elbow) in RA patients.Moreover, this study
included postmenopausalvomen, who could be in-
dependenthaffectedby postmenopausaisteoporosidn
a recent study on a large number of adult patients
affectedby RA, treatmentwith MTX for more than 3
years did not induce changesin spine or hip BMD
different from thoseof patientsnot treatedwith MTX
[14].

The lack of specificclinical studieson children with
JRA inducedus to summarizethe resultsof our current
researchevenif it is not completelyexhaustiveyet. To
our knowledge,this is the first longitudinal study on a
relatively large numberof children aimedat measuring
bone masschangesduring chronic therapywith MTX.
We havenot includeda control group of childrenwith
the samedegreeof diseaséut not treatedwith MTX, as
we consideredt unethicalto excludechildrenfrom such
an effectivetherapyas MTX, during an active phaseof
their diseasefor the long durationof the study.In order
partially to obviatethis problem,we studieda group of
childrenwho wereaboutto startMTX therapy(group1)
andagroupalreadyonlong-termMTX treatmenigroup
2). The choiceof two suchgroupsallowed us to verify
whether the de novo introduction of the drug could
highlight a different behaviorof bonemasswith respect
to a courseof therapystartedabout3 yearspreviously.



24

Accordingto our results MTX seemaotto influence
bonemasseitherat the beginningof treatmentor aftera
long-termtherapy.Both the lengthof MTX therapyand
total administereddose were taken into account. As
previouslystatedthe singleMTX dosewaslow andnot
likely to induceadverseeffectson bonetissue However,
consideringhe cumulativedose a substantiabmountof
the drug could certainly be accumulatedn bone cells.
We only consideredbone mass,an epiphenomenorof
bonecellularprocessesA directevaluationof bonecells
was not attemptedfor obvious reasonsin a pediatric
study.A uniform increasein bonemassat the different
sites of the skeletonwas observedwith both appendi-
cular and axial sites showing similar increases.Thus,
MTX seemedhot to influencespecificallytrabecularor
cortical bone even in the case of high total doses.
Perhapsn the studieson leukemicpatientsbonetoxicity
wasinducedby very high singledoseswhile low single
dosesof MTX (evengiven over a relatively long time)
neverreachcellular levelstoxic for bone.

In accordancewith our previously published data
[28,29] and otherreports[30], corticosteroidsshoweda
negativeaction on bonemass,andin particularon the
predominantlytrabecularsites, such as spine. In fact,
lower increasesin spinal bone mass were found in
patientswith highercumulativedosesof corticosteroids.
Recentdata confirm that low doses(5-9 mg/day) of
prednisongfor long-termtherapyare also able to lower
bonemass[31].

In our children the main determinantof bone mass
were anthropometric parameters.Weight seemedto
accountfor approximately 32% of the variability of
bonemassatthe spinallevel, while heightandleanmass
were responsiblefor 31% and 30% of the total body
massrespectively.Chronologicalagewas not the main
determinantof bone mass,contraryto the situationin
normal children. This observationwas not surprising,
however,aswe are consideringchronicallyill children.
On the basisof the severity, evolution and episodesof
recruitmentof the underlying disease children of the
same age presented completely different physical
conditions, different clinical pictures and different
therapyregimens,andthis might explainthe secondary
role of age also in bone mineralization. In fact, as
happensin kidney transplantedchildren and children
with otherpathologicconditions,agewasnot correlated
with bonedensityin the presentstudy.

Two factorsplayedarole in the changesn bonemass
during the period of observation:pubertal stage and
diseaseactivity (expresseésthe ESRvalue).Pubertyis
a potent, normal physiologic stimulus for bone miner-
alization, and it is interesting that in JRA puberty
maintainsits dominantrole. The maximumincreasein
bone mass was observed in the 5 children who
completed puberty, and in each case puberty status
(i.e., Tannerstage)wascorrelatedwith therisein BMD.

Diseaseactivity was a criterion for starting MTX
therapy,sothatall the childrenpresentedctivedisease.
ESRwasoneof theindexesusedto judgetheresponseo
MTX therapy: a decreasein ESR of at least 50%

M. L. Bianchiet al.

comparedwith the pre-treatmenvaluewasconsiderech
positive responseDuring MTX, in almostall cases,a
reduction in disease activity was observed. The
reductionin ESR was correlatedwith the increasein
bonemassjndicatingthatanimprovemenin thedisease
wasaccompaniedby animprovemenin bonestatus.The
reductionin diseaseseverityobtainedby MTX andthe
reduction or withdrawal of corticosteroids(with the
amelioration of their adverseeffects such as puberty
delayor osteopeniajnight both havea positiveeffecton
bone.Theoverall (spineandtotal body)increasan bone
masswas obviouslylower in childrenwith JRA thanin
normal children. However, an increasein bone mass
indicatedthe presenceof a positive calcium balancein
bone,evenif the increasewaslessthanexpectedon the
basisof age.In conclusion,our data suggestthat low-
doseMTX treatmentdoesnot negativelyinfluencebone
massby inducing osteopeniandthat, if corticosteroids
can be reducedor withdrawn, it could evenaid in the
protection of skeletal integrity in growing children
affectedby JRA.
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