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Comparative Outcome of Oral and Subcutaneous Methotrexate
Therapy in Children with Juvenile Idiopathic Arthritis
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ABSTRACT

Background & objective: Juvenile idiopathic arthritis (JIA) is the most disabling illness in children. There are
number of disease modifying antirheumatic drugs (DMRDS). Methotrexate (MTX) is one of them and for the last
two decades has become the cornerstone for the treatment of JIA, because of its efficacy and safety profile.
However, debate is still continuing regarding its route of administration (orally or parenteraly) to have wider
efficacy and safety. The present study was conducted to compare the outcome of oral and subcutaneous MTX
in the treatment of JIA.

Materials & Methods: This comparative clinical trial was conducted in Dhaka Shishu Hospital & Bangladesh
Institute of Child Health, over a period of 3 years between January 2013 to December 2015. The study initially
included 72 children; of them 22 dropped out or did not comply with treatment protocol and hence were
excluded from final analysis. Of the remaining children 25 were in Oral and 25 in subcutaneous group. Primary
outcome was defined as the percentage of patients reaching ACR Pedi 30 improvement criteria after 6 months
of treatment. The ACR Pedi 30 was reached if there was an improvement of 230% in at least 3 of 6 core
variables, with no worsening of >1 of the remaining variables by >30%.

Results: The study demonstrated that children with JIA responded well to MTX treatment irrespective of their
route of administration, as was evidenced by the achievement of ACR Pedi 30 criteria by majority of the children
after 6 months of treatment. However, in terms of core set of variables, subcutaneous route worked better and
faster than the oral route. The mean numbers of active joints in the Oral group dropped from 5 at baseline to
nearly 2 and < 2 at 3 and 6 months respectively, which in the Subcutaneous groups dropped from 6 at baseline
to 2 and < 1 at 3 and 6 months respectively. The average numbers of joints with limited range of motion at
baseline in the Oral and Subcutaneous groups were 3 and > 3 which decreased to 1 and < 1 respectively at
month 6. Likewise patient/parents’ global assessment of overall wellbeing improved earlier in Subcutaneous
group than that in the Oral group (p < 0.001). Physician’s global assessment of disease activity also responded
better in the subcutaneous group compared to that in the Oral group (p < 0.001). The C-HAQ disability index
in the Oral group reduced insidiously from 1.3 at baseline to 0.4 at 6 months; in contrast the same parameter
steeply decreased from 1.5 at baseline to 0.0 at 6 months indicating that Children Health Assessment
Questionnaire responded rapidly to Subcutaneous MTX. The ESR in Oral group decreased from 79 at baseline
to < 40 at month 3 and to close to 30 mm at month 6, which in the Subcutaneous group decreased from over
70 at baseline to < 30 and < 20 at month 3 and 6 respectively indicating that the decrease being much faster
in the latter group.

Conclusion: The study concluded that children with JIA responded well to MTX treatment irrespective of their
route of administration, as was evidenced by the achievement of ACR Pedi 30 criteria by majority of the children
after 6 months of treatment. However, considering the response in terms of core set of variables, it appears
that subcutaneous route worked better and faster than the oral route did.
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INTRODUCTION

Juvenile idiopathic arthritis (JIA) is a collective term for
different entities of diseases with arthritis starting
before the age of 16 years.! With an incidence of 19.8
per 100,000 children age < 16 years, JIA is the most
common chronic inflammatory disease in childhood and
can lead to severe disability.?? The medical treatment of
JIA consists of a variety of disease-modifying
antirheumatic drugs (DMARDs). Of them nonsteroidal
antirheumatic drugs are mainly used for symptomatic
relief and DMARDs to control the clinical activity of the
disease.* Of the latter group, methotrexate (MTX) is the
most commonly used drug for the treatment of
polyarticular JIA patients. Its efficacy was established in
a double blind, randomized, placebo controlled trial by
Giannini and co-workers two and a half decades ago.®
Since then a number controlled clinical trials have been
done aimed at defining more precisely the effectiveness
and toxicity profile of this drug in JIA and it has
emerged as the most common first-line DMARD
treatment.510

However, till now there is no consensus as to which
route of administration is to be preferred to ensure a
better efficacy and safety profile in children. While a
controlled prospective study comparing oral versus
parenteral administration in adult patients with
rheumatoid arthritis (RA) showed significantly higher
American College of Rheumatology (ACR) 20% and
70% improvement criteria response rates in patients
with parenteral MTX, there are not enough studies to
recommend its use in JIA patients in a particular route.!!
Two studies reported successful use of parenteral MTX
treatment in patients of JIA who failed oral
treatment.”!? Klein et al.** in a retrospective study from
the German Methotrexate Registry for the long-term
treatment of JIA with MTX, did not find any superiority
(in terms of efficacy and tolerability) of subcutaneous
MTX over oral MTX.

The question of how to start treatment with
methotrexate (MTX) in children with JIA, orally or
subcutaneously, is of great importance. Especially for
pediatric patients, the injections can be painful, may
pose a significant burden for the patients and their
parents, and may result in more consultations of
physicians or health professionals. On the other hand
the bioavailability of oral MTX in adult patients with RA
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is highly variable and, on an average, is two-thirds that
of subcutaneous (SC) administration.'*> Taken
together, there is strong evidence that MTX is the
standard DMARD therapy for patients with JIA. But, it is
not clear which route of administration is the better.
Comparative prospective studies are, therefore,
especially needed. That purpose the present study was
undertaken to compare the outcome (in terms of clinical
efficacy and safety) of SC versus oral administration of
MTX in patients with active JIA.

MATERIALS AND METHODS:

This comparative clinical trial was conducted in Dhaka
Shishu Hospital & Bangladesh Institute of Child Health
over a period of 3 years between January 2013 to
December 2015. Before commencing the study, ethical
clearance was sought from Ethical Review Committee of
the Institute. The children admitted with JIA according
to the published criteria! were the study population.
Only those patients whose parents gave written consent
to start long-term treatment with MTX were enrolled.
However, children with a history of or concomitant
therapy with biologic agents were excluded. A total of
72 children were included and were randomly assigned
to subcutaneous MTX (n = 36) and oral MTX (n = 36)
groups. In both groups the dose of MTX used was 10
mg/m2/weekly. 15 children dropped out or violated the
treatment protocol in the first 3 months and 7 in the
next 3 months of treatment leaving 25 children in each
group. The analyses were performed 25 children in each
group, who were interested to get treatment.

Before start of treatment with MTX, data were collected
from medical records, and patients were assessed
clinically. Laboratory investigations were done routinely
and results were documented. The following data were
collected at baseline: age at start of treatment, sex,
duration of disease, JIA subtype, previous medical
history, previous and current treatments, date of first
dose of MTX, prescribed dose of MTX, clinical
assessment including weight, height, joint assessment,
general examination, physician global assessment of
disease activity, and parent/patient global assessment
of overall well-being, with measures being a 10-cm
visual analog scale (VAS), Childhood Health Assessment
Questionnaire (C-HAQ), erythrocyte sedimentation rate
(ESR), and C-reactive protein level. At 3 and 6 months
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after the start of therapy, the following data were
collected: dose of MTX, missed doses of MTX,
concomitant treatment, adverse events (AEs), and
clinical and laboratory tests as described above. In case
of discontinuation, the date of the last dose of MTX and
reasons for withdrawal was documented. The reasons
were recorded as intolerance, non-respondents,
remission, or other reasons. Six core set of parameters
were evaluated in this study, which consisted of 1)
physician global assessment of disease activity (10-cm
VAS); 2) parent/patient global assessment of overall
well-being (10-cm VAS); 3) the C-HAQ, a measure of
physical function; 4) the number of joints with active
arthritis, defined by the presence of swelling or, if no
swelling is present, the limitation of motion
accompanied by pain, tenderness, or both; 5) the
number of joints with limited range of motion; and 6)
the ESR.

Primary outcome was defined as the percentage of
patients reaching ACR Pedi 30 improvement criteria
after 6 months of treatment. The ACR Pedi 30 was
reached if there was an improvement of > 30% in at
least 3 of 6 core variables, with no worsening of >1 of
the remaining variables by > 30%.16 Nonresponders
were defined as patients not reaching at least ACR Pedi
30 response or patients who discontinued treatment
due to inefficacy or intolerance. Safety was defined as
the number of patients with AEs and the number of
withdrawals. An AE was defined as any unfavorable and
unintended sign including an abnormal laboratory
finding, symptom, or disease that occurred during MTX
treatment. Serious AEs were defined as events that
were fatal or life threatening, resulted in a persistent or
significant disability or incapacity, required prolonged
inpatient hospitalization.

The statistical analyses were performed using computer
software SPSS (Statistical Package for Social Sciences),
version 17 and test statistics used to analyse the data
were Chi-square (x2) Test, Unpaired t-Test and Repeated
Measure ANOVA. While categorical data were compared
between groups using Chi-square (x?) or Fisher’s Exact
Test, as appropriate, changes in continuous variables
following intervention were evaluated using Repeated
Measure ANOVA and/or Unpaired t-Test. The level of
significance was set at 5% and p < 0.05 was considered
significant.
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RESULTS:

Baseline characteristics:

At entry there was no significant difference between the
study groups in terms of age with mean ages of Oral
and Subcutaneous groups being 5.3 and 4.8 years
respectively (p=0.330). Sex and weight distributions
were almost identical between the groups (p=0.395, p
= 0.883). The mean duration of disease was > 1 year in
either group (p = 0.891). The type of arthritis was also
similar in both groups (p = 0.906). Of the six core set of
parameters, there were no significant differences in
active joint counts, number of joints with limited range
of motion, and C-HAQ scores, parent/patient global
assessment of overall well-being, and ESR between the
2 cohorts. However, patients of oral MTX treatment
group had significantly higher scores for physician
global assessment of disease activity (p=0.011) (Table I).

TABLE I. Baseline characteristics between the study groups

Group
Baseline characteristics Oral  Subcutaneous P-value
(n=25 (n=25)
Age at start of treatment (years)  53+17  48+19 0.330
Sex

Male 10(40.0) 13(52.0)

Female 15(60.0) 12(48.0) 0.39
Weight (kg) 149+£29 14829 0.883
Duration of diseases (years) 1.1£05  1.1+09 0.891
JIA subtype

RF negative polyarthritis 9(36.0) 8(32.0)

Persistent oligo-arthritis 8(32.0) 7(28.0)

Enthesitis-related arthritis 3(12.0) 2(8.0) 0.906

Systemic arthritis 3(12.0) 5(20.0)

Others 2(8.0) 3(12.0)

Disease activity:
Number of joints with active arthritis 49+15  55%17 0.204
No. of joints with limited range of motion 3.0+13  32+09 0.461
Patient/Parents’ global assessment (0-10cm) 6.8+ 1.1 62109 0.060
Physician’s global assessment (0-10cm)  6.6+1.2  58+08 0.011
C-HAQ disability index (0-3 cm)) 13£08  1.5+05 0.212
ESR (mm) 786+206 712£174 0.177

Previous and current medication:

History of previous medication revealed that Naproxan
was the most frequently used drug in oral MTX group
(92%) compared to subcutaneous group (52%).
Indomethacin and aspirin were seldom used by the oral
group. Of the current medications concomitantly used
with MTX, folic acid was invariably used by either group
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(100%) followed by Naproxan and prednisolone. There
was no significant difference between the groups in
terms of current medications concomitantly used with
MTX (p > 0.05) (Table II).

TABLE II. Distribution of baseline characteristics between
the study groups

Group
History of medications Oral Subcutaneous
(n=25) (n=25)
Previous medications
Indomethacin 2(8.0) 4(16.0)
Naproxen 23(92.0) 13(52.0)
Aspirin 2(8.0) 5(20.0)
Others 20(80.0) 20(80.0)
Current medications
Folic acid 25(100.0) 25(100.0)
Prednisolon 13(52.0) 10(40.0)
Naproxen 19(76.0) 18(72.0)
Others 14(56.0) 2(8.0)

Changes in disease activity following intervention:
The mean numbers of active joints at the beginning of
treatment in the Oral and Subcutaneous groups were
4.9 and 5.5 respectively which reduced to 2.2 and 1.9
respectively at 3 months and 1.6 and 0.5 respectively at
6 months of treatment. Although both groups
responded to treatment, the response was significantly
faster in the subcutaneous group (p = 0.001). The
average numbers of joints with limited range of motion
at baseline in the Oral and Subcutaneous groups were 3
and > 3 which decreased to 1.2 and 0.9 respectively at
month 3 and to 1.0 and 0.5 respectively at month 6 (p
= 0.035). Likewise patient/parents’ global assessment
of overall wellbeing, measured with 10-cm visual analog
scale (VAS), were reduced from 6.8 at baseline to 4.2 at
3 months and 3.6 cm at 6 months in Oral group and
from 6.2 at baseline to 2.3 at 3 months and 1.5 at 6
months in Subcutaneous group respectively with
response being appreciably better in the latter group (p
< 0.001). Physician’s global assessment of disease
activity, also measured in 10 cm VAS, responded better
in the subcutaneous group with reduction being more
pronounced in the subcutaneous group (from 5.5 at
baseline to 1.6 cm at 6 months) than that in the oral
group (from 5.8 at baseline to 1.4 cm 6 months) (p <
0.001). The C-HAQ disability index in the Oral group
gradually reduced from 1.3 at baseline to 0.8 and 0.4 at
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3 and 6 months respectively, whereas the same
parameter steeply reduced from 1.5 at baseline to 0.7
and 0.0 at 3 and 6 months respectively (p = 0.002). The
ESR in Oral group decreased from 78.6 at baseline to
39.7 at month 3 and 30.2 mm at month 6, which in the
Subcutaneous group decreased from 71.2 at baseline to
26.6 and 19.7 mm at month 3 and 6 respectively with
decrease being demonstrably faster in the latter group
(p = 0.001) (Table III-IV & Fig. 1-6).

TABLE Ill. Comparison of disease activity after 3 months of
intervention with MTX

Group

Oral Subcutaneous P-value
(n=25) (n=25)

Number of joints with active arthritis 22+15 1914 0.580
Number of joints with limited range of motion 1.2+1.0  0.9+0.7 0.224
Patient/Parents’ global assessment (0-10cm) 42+16 23+19  <0.001

Variables measuring
disease activity

Physician’s global assessment (0-10) 39+£20 24120 0.008
C-HAQ disability index (0-3) 08+£06 0704 0.458
ESR 39.7+124 266+88  <0.001

TABLE lll. Comparison of disease activity after 6 months of
intervention with MTX

Variables measuring disease Group

activity after 6 months Oral Subcutaneous P-value
of treatment (n=25) (n=25)

Number of joints with active arthritis 1612 05+02 0.001
Number of joints with limited range of motion 1.0£0.2  0.5+0.1 0.035
Patient/Parents’ global assessment (0-10cm) 3.6+14  1.5+03 <0.001
Physician’s global assessment (0-10) 38£18 16+04  <0.001
C-HAQ disability index (0-3) 04+0.1 00£00 0.002
ESR 302+£133 197+£53 0.001

Outcome after 6 months of treatment:

All the children in the Subcutaneous group and
majority (84%) in the Oral group achieved ACR 30
Pedi criteria after 6 months of treatment with
MTX. None of the children needed to switch from
oral group (either due to inefficacy or intolerance
or remission) to subcutaneous group. Two patients
in the Subcutaneous group discontinued, though
reasons of discontinuation were not reported.
Majority of the children in either group
experienced adverse events with no significant
intergroup difference (p = 0.748) (Table V).
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Fig: Figure 1-6 showing changes in disease activity from baseline to 6 months following intervention.
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All the ADEs were minor in nature with GI
symptoms being significantly higher in the Oral
group than that in the Subcutaneous group (p =
0.001). While the incidence of elevated liver
enzymes was higher in the Oral group (p =
0.034), the incidence of skin rash or dermatitis
was much higher in the Subcutaneous group (p =
0.001) (Table VI).

TABLE V. Comparison of outcome after 6 months of treatment
with MTX between groups

Outcome after 6 months (i

of treatment Oral  Subcutaneou
(n=25) (n=24)

ACR 30 Pedi criteria achieved* 21(84.0) 25(100.0) 0.110

Discontinuation of treatment** 0(0.0) 2(8.0) 0.149

Adverse events* 22(88.0) 20(80.0) 0.748

s p-value

TABLE V1. Comparison of types of adverse events between
groups

Group
Adverse events Oral  Subcutaneous Pvalue
(n=25) (n=25)

Non-serious

Gl symptoms * 18(72.0) 10(40.0) 0.001

Infectious events* 6(24.0) 7(28.0) 0.747

Elevated liver enzymes* 11(44.0) 4(16.0) 0.034
Skin rash/dermatitis* 2(8.0) 13(52.0) 0.001

Others** 2(8.0) 0(0.0) 0.149

Figures in the parentheses indicate corresponding %;
*Chi-squared Test (x?) was done to analyze the data.
**Fisher's Exact Test was done to analyzed the data.

DISCUSSION:

The aim of modern treatment of JIA is rapid induction of
disease control to prevent joint damage in order to
maximize physical function and to achieve a normal
lifestyle.’” To that end a number of DMARDs (methotrexate
(MTX), sulfasalazine, hydroxychloroquine, leflunomide
and cyclosporine etc.) are commonly used. Over the
years low-dose weekly methotrexate has become the
cornerstone disease-modifying anti-rheumatic drug in
juvenile idiopathic arthritis (JIA), because of its
efficacy.’® However, the issue that which route of
administration is most suitable for the treatment of JIA
in terms of efficacy and safety profile has not yet been
solved. The present study was performed to compare

Miah et. al.

the efficacy and safety of low-dose MTX in the
treatment of JIA using oral and subcutaneous route.

In the present study there was no significant difference
between the study groups in terms of age, sex, weight
and duration of disease (p = 0.330, p = 0.395, p =
0.883 and p = 0.891 respectively). Most of the core set
of parameters were well-matched except that the
patients of oral MTX treatment group had significantly
higher scores for physician global assessment of disease
activity (p = 0.011). The study demonstrated that
children with JIA responded well to MTX treatment
irrespective of their route of administration, as was
evidenced by the achievement of ACR Pedi 30 criteria by
majority of the children after 6 months of treatment.
However, if we analyze the response of core set of
variables, it appears that subcutaneous route worked
better and faster than the oral route did.

To know the reasons why subcutaneous route works
faster, we have to know the pharmacodynamiocs of
MTX. The pharmacokinetics of MTX has been studied
extensively.!>1%20 It is the bioavailability of a drug which
determines its efficacy. The bioavailability of higher oral
doses of MTX in adult patients with RA is highly variable
and, on average, is two-thirds that of subcutaneous
(SC) or intramuscular (IM) administration.*>*® Some
studies, however, have suggested that IM MTX showed
improved clinical efficacy with fewer side effects
compared with oral MTX.2-23 Contrary to the findings in
adults, only few studies have examined
pharmacokinetics of oral MTX in children with JIA.2+2
However, when taken orally, food interferes the
absorption of MTX and reduces its peak concentration
and slightly increases the time to peak concentration of
MTX.® Considerable interindividual variability in the rate
and extent of absorption and reduced bioavailability of
MTX may limit clinical use of oral MTX and justify switch
to parenteral routes of administration (subcutaneous or
intramuscular) in patients with inadequate clinical
response as was observed in Klein et al’s study.'?

In children with JIA, MTX therapy is commonly started
at a dose of 10 to 15 mg/m? and is administered weekly,
either orally or parenterally (subcutaneously or
intramuscularly). In our study we used 10 mg/m?
weekly in both groups. Routine therapeutic monitoring
of MTX after oral administration is not recommended
because MTX blood concentrations have been shown to
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have wide interpatient and intrapatient variability.?® At
the standard dose regimen, 60 to 70% of patients with
JIA benefit significantly from MTX therapy, with the
maximum therapeutic effect usually becoming
apparent 4 to 6 months after the beginning of
treatment. Children experiencing adverse events were
common. All the ADEs were minor in nature.
Collectively there was no significant difference
between the groups in terms of AEDs. While, GI
symptoms and elevated liver enzymes were
significantly higher in the Oral group, skin rash or
dermatitis was frequently common in the
Subcutaneous group. In general, children tolerate
MTX well. However, although serious toxicity is
uncommon, a prevalence of adverse events as high as
42% has been reported. Common side effects include
GI toxicity (nausea, anorexia, stomatitis) and
transient elevation of serum aminotransferase
levels.?” None of the children required to be switched
from oral group (either due to inefficacy or intolerance
or relapse) to subcutaneous group. Two patients in the
Subcutaneous group discontinued, though reasons of
discontinuation remained obscured.

The issues of when, how, and by what criteria to
discontinue MTX are critical for children with JIA.
Currently, there is no widely accepted definition for
remission in JIA. Reported rates of remission in JIA
treated with MTX vary from 6.9 to 45%; the average
duration of MTX treatment until remission is around
one year at 10-15 mg/m? weekly dose.?® Due to
concerns from the earlier MTX era about the risk of
longterm liver toxicity, in the past MTX was often
discontinued shortly after complete disease control
was achieved. However, a high frequency of relapse
after MTX withdrawal among these patients was
observed, particularly in those with oligoarticular
onset  and polyarticular  course (extended
oligoarticular  subtype).?® At present, most
investigators favour continuing MTX therapy longer
after clinical remission is achieved. However, there are
no guidelines regarding length of MTX treatment after
remission. Furthermore, it is not established whether
the dosage and frequency of administration should
remain stable or gradually decrease. The current
policy is to continue MTX at a weekly regimen and
unchanged dosage for 6 months after the
achievement of a sustained remission, and then taper
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it until discontinuation by spacing the same weekly
dosage further apart over an additional 6 months.

CONCLUSION:

The study concluded that children with JIA responded
well to MTX treatment irrespective of their route of
administration, as was evidenced by the achievement of
ACR Pedi 30 criteria by majority of the children after 6
months of treatment. However, considering the
response in terms of core set of variables, it appears
that subcutaneous route worked better and faster than
the oral route did. So the option for route of
administration should be left to the treating
pediatricians until definite recommendations for the
route of administration of MTX treatment come out from
randomized controlled trials in JIA.
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