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Objective. In patients with severe or refractory
juvenile dermatomyositis (DM), second-line treatments
may be required. Cyclophosphamide (CYC) is used to
treat some connective tissue diseases, but evidence of its
efficacy in juvenile DM is limited. This study was under-
taken to describe clinical improvement in juvenile DM
patients treated with CYC and model the efficacy of CYC
treatment compared to no CYC treatment.

Methods. Clinical data on skin, global, and muscle
disease for patients recruited to the Juvenile DM Cohort
and Biomarker Study were analyzed. Clinical improve-
ment following CYC treatment was described using unad-
justed analysis. Marginal structural models (MSMs)
were used to model treatment efficacy and adjust for con-
founding by indication.

Results. Compared to the start of CYC treatment,
there were reductions at 6, 12, and 24 months in skin dis-
ease (P = 1.33 10-10), global disease (P = 2.43 10-8), and
muscle disease (P = 8.0 3 10-10) for 56 patients treated

with CYC in unadjusted analysis. Limited evidence sug-
gested a reduction in glucocorticoid dose (P = 0.047) in
patients treated with CYC. MSM analysis showed
reduced global disease and skin disease in patients who
started an ~6-month course of CYC treatment >12
months ago compared to patients never or not yet treated
with CYC. In the treated patients, the modified skin Dis-
ease Activity Score for juvenile DM was 1.19 units lower
(P = 0.0085) and the physician’s global assessment was
0.66 units lower (P = 0.027). Minor adverse events were
reported in 3 patients within 1 year of stopping CYC.

Conclusion. Our findings indicate that CYC is effi-
cacious with no short-term side effects. Improvements in
skin, global, and muscle disease were observed. Further
studies are required to evaluate longer-term side effects.

Juvenile dermatomyositis (DM) is a rare, severe
autoimmune disease and the most prevalent idio-
pathic inflammatory myopathy in children, with an incidence
of 2–4 cases per million per year (1). While some patients
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respond to standard first-line treatment involving glucocorti-
coids and/or methotrexate, other patients may need second-
line treatments, for which limited data on treatment efficacy
are available. Cyclophosphamide (CYC) is an alkylating
agent that interferes with DNA replication and is toxic to
rapidly dividing cells (2,3). It is used to treat malignancy, sev-
ere systemic lupus erythematosus (SLE), and vasculitis
(4–7). Evidence to date of the efficacy of CYC for juvenile
DM is based on case reports and a small descriptive study
that showed sustained improvement in skin disease, particu-
larly ulceration, and muscular and extramuscular features
(8–10). There is international agreement that CYC is useful
in severe or refractory disease (11); however, clinicians are
often reluctant to give it because of possible side effects.

Evaluating the efficacy of second-line treatments in
rare diseases is challenging since conventional clinical trials
may not be feasible, and it would take many years to recruit
adequate patient numbers for a randomized controlled trial
design. However, rare disease databases may provide a rich
source of data for estimating treatment effects via an obser-
vational study. Drawing inferences about causality is chal-
lenging in observational studies, especially where there may
be confounding by indication, whereby the clinical indica-
tion for selecting a certain medication also affects the out-
come (12). For example, patients with more severe disease
are more likely to be treated more aggressively but are also
more likely to have poorer outcomes. Failure to adequately
account for these confounding factors could lead to an
incorrect conclusion that the more aggressive treatment
leads to poorer outcomes. Indications for CYC usage in
juvenile DM are severe or refractory disease, either at dis-
ease onset or later in the disease course. Severe disease is
therefore a confounding factor associated with both CYC
treatment and disease outcomes, and which changes over
time. Marginal structural models (MSMs) are an analytical
approach that can handle such time-varying confounding
factors (13). MSMs aim to balance the distribution of con-
founding covariates by generating ‘pseudo-populations’ in
which confounders and treatment assignment are unrelated.
They achieve this by re-weighting the data at each time
point by inverse probability-of-treatment weighted estima-
tors, which can take different values over time.

The aims of this study were to first, describe levels
of clinical improvement in juvenile DM patients treated
with CYC; and second, model the effect of CYC in
patients who received CYC compared to patients who
did not receive the drug, using an MSM approach.

PATIENTS AND METHODS

Patients and clinical data. Patients were recruited to the
UK Juvenile DM Cohort and Biomarker Study (JDCBS), and

written informed consent and age-appropriate assent were
obtained (14). (See Appendix A for members of the Juvenile
DM Research Group.) The UK Northern & Yorkshire Medical
Research & Ethics Committee approved this research (MREC/
1/3/22). For all patients (n = 428 at the time of the study), data
on demographic characteristics, all medications received, and
clinical measures were collected at all recorded time points
which corresponded to all clinical visits and were not necessarily
at fixed intervals. Clinical measures included the modified Dis-
ease Activity Score (DAS) for assessing skin disease in juvenile
DM (including Gottron’s papules, heliotrope rash, vasculitis,
and erythema) (15,16), the physician’s global assessment (PGA)
of disease activity, and the Childhood Myositis Assessment Scale
(CMAS) for assessment of muscle disease activity (17). Greater
levels of disease severity are indicated by higher scores for the
modified DAS for juvenile DM (range 0–5) and PGA (range
0–10) and lower scores on the CMAS (range 0–52). Myositis-
specific autoantibodies (MSAs) were measured (18–21).

The following inclusion and exclusion criteria were nec-
essary to exclude prevalent cases and retain incident cases for
the MSM. The inclusion criterion was a full recorded history of
disease, such that recorded visits spanned the whole of patients’
disease history and there were no major gaps in recorded history
of early disease (prevalent cases). Exclusion criteria were time
from diagnosis to first recorded visit exceeding 3 months and
unknown date of starting CYC. Patients were not excluded from
the MSM analysis if they were lost to follow-up; however, such
patients contributed fewer data points to the analytical model.
These inclusion and exclusion criteria yielded 200 cases, com-
prising 56 patients treated with CYC and 144 patients not treat-
ed with CYC. Excluded patients did not differ in demographic
features or diagnosis, and 15.4% received CYC (see Supplemen-
tary Table 1, available on the Arthritis & Rheumatology web site
at http://onlinelibrary.wiley.com/doi/10.1002/art.40418/abstract).

CYC treatment. Internationally agreed upon indications
for CYC are severe disease, including ulcerative skin disease and
gastrointestinal disease causing perforation (11). Additional
indications for CYC use at Great Ormond Street Hospital for
Children (GOSH) include severe skin disease, severe muscle
weakness, severe calcinosis, widespread vasculitis, and failure to
respond to treatment. The current protocol for CYC treatment at
GOSH, as the coordinating center with the most complete data,
is 500 mg/m2 (maximum 500 mg) administered intravenously
every 2 weeks for the first 3 doses and then 750 mg/m2 (maximum
1.2 gm) every 3–4 weeks according to the response for a total of
6–7 doses, with no further CYC infusions. Thus, a standardized
noncontinuous treatment protocol was used, with the CYC treat-
ment course completed within 6 months of initiation. The median
duration of CYC treatment was 5.2 months (interquartile range
[IQR] 4.6–6.5 months). There were no discontinuers.

Statistical analysis. Statistical methods for descriptive anal-
ysis. Statistical analysis was performed using R version 3.2.1 (22).
Data are presented as the number (percent) for categorical vari-
ables or the median (IQR) for numeric variables. Comparisons
of demographic and clinical features of treatment groups were
performed using the chi-square test, Fisher’s exact test, or Wil-
coxon’s signed rank test as appropriate. Improvements in clinical
measures of disease activity over time at ~0, 6, 12, and 24 months
after starting CYC treatment were analyzed using Friedman’s test
for nonparametric repeated-measures analysis of variance. Since
clinical visits did not occur at set time points, the nearest clinical
measures to the 0, 6, 12, and 24 month time points were used,
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within ~2 months before or after the given time point, in order to
maximize patient numbers and statistical power for this analysis.
Exact times of clinical visits were used in the MSM analysis. Post
hoc testing was performed using Wilcoxon’s signed rank test to
identify which time points were significantly different from each
other in outcome measures following Friedman’s test analysis. A
Bonferroni correction was applied to adjust for multiple hypothe-
sis testing.

MSM analysis. Full details of the MSM methodology are
given in the Supplementary Methods, available on the Arthritis &
Rheumatology web site at http://onlinelibrary.wiley.com/doi/10.
1002/art.40418/abstract. Briefly, the MSM consists of first fitting
a probability-of-treatment model (PoTM) to calculate inverse
probability-of-treatment weights for use in a second analytical
model. Longitudinal generalized estimating equation models
were used for both the PoTM and final analytical model (23,24).
Although patients were only included if recorded visits spanned
their whole disease history, PGA and CMAS values were not
recorded at some visits. Therefore, prior to model fitting, multi-
ple imputation was performed to impute missing values for the
PGA and CMAS variables, generating 5 imputed data sets. All
subsequent models and calculations for the PoTM and final ana-
lytical model of the MSM were performed separately for each

imputed data set, with estimates from each analytical model for
each imputed data set pooled as the final step.

The PoTM consisted of 3 separate models for: 1) proba-
bility at baseline of receiving CYC, 2) probability of starting CYC
given not previously having been receiving CYC, and 3) probabil-
ity of stopping CYC (Supplementary Tables 2–4, available on the
Arthritis & Rheumatology web site at http://onlinelibrary.wiley.
com/doi/10.1002/art.40418/abstract). None of the probabilities of
treatment with CYC or propensity scores estimated by the PoTM
were 0. Weights calculated using the estimates from the PoTM
were used in the final analytical models, which modeled modified
DAS for juvenile DM, PGA, and CMAS as outcomes. Predictor
covariates in the final analytical model were time since diagnosis
(to account for time effects) and a “split time” categorical vari-
able, which was defined for the purpose of this study and was
intended to capture the interaction between CYC and time, com-
prising “never/not yet received CYC,” “CYC within the last 6
months,” “CYC 6–12 months ago,” and “CYC >12 months ago.”
The comparisons of interest were thus between patients who
never received CYC (or had not yet initiated CYC) and patients
who had initiated CYC either within the last 6 months (i.e., likely
to still be receiving the CYC treatment course), or 6–12 months
ago (i.e., recently completed the CYC treatment course), or >12

Table 1. Demographic and clinical features of patients treated with CYC compared to patients not treated with CYC*

Treated with CYC
(n = 56)

Not treated with CYC
(n = 144) P†

Sex
Female 36 (64.3) 97 (67.4) 0.81‡
Male 20 (35.7) 47 (32.6)

Age at diagnosis, median (IQR) years 6.1 (4.0–9.7) 8.4 (5.2–12.0) 0.0051§
Ethnicity
White 42 (75.0) 117 (81.3) 0.28¶
Black 6 (10.7) 7 (4.9)
South Asian 5 (8.9) 9 (6.3)
Other 2 (3.6) 11 (7.6)

Diagnosis#
Definite juvenile DM 49 (87.5) 122 (84.7) 0.77¶
Probable juvenile DM 4 (7.1) 11 (7.6)
Juvenile DM overlapping with chronic polyarthritis 0 (0.0) 2 (1.4)
Juvenile DM overlapping with mixed connective tissue disease 0 (0.0) 4 (2.8)
Juvenile DM overlapping with scleroderma 3 (5.4) 5 (3.5)

Duration of follow-up, median (IQR) years 7.8 (4.6–10.7) 7.3 (4.2–11.2) 0.85§
Time from diagnosis to CYC start, median (IQR) days 33.5 (22–69.75) – –
Modified DAS for juvenile DM at baseline (first visit), median (IQR) 4 (4–5) 4 (3–5) 0.41§
PGA at baseline (first visit), median (IQR) 6.6 (4.1–8.0) 4.7 (2.7–7.0) 0.00074§
CMAS at baseline (first visit), median (IQR) 15.5 (5–29.75) 34 (17.5–46.5) 0.000091§
Patients with CMAS of 0 ever recorded during follow-up 3 (5.4) 1 (0.7) 0.067¶
Patients with calcinosis ever recorded during follow-up 22 (39.3) 28 (19.4) 0.0064‡
Patients with ulceration ever recorded during follow-up 21 (37.5) 21 (14.6) 0.00073‡
Patients with lipoatrophy ever recorded during follow-up 13 (23.2) 18 (12.5) 0.096‡
Patients with abnormal respiration ever recorded during follow-up** 16 (28.6) 20 (13.9) 0.026‡
Patients with edema ever recorded during follow-up 36 (64.3) 68 (47.2) 0.044‡

* Except where indicated otherwise, values are the number (%). CYC = cyclophosphamide; IQR = interquartile range; DAS = Dis-
ease Activity Score; PGA = physician’s global assessment; CMAS = Childhood Myositis Assessment Scale.
† To adjust for multiple hypothesis testing, P values less than 0.0036 were considered statistically significant (Bonferroni correction
applied to 14 independent tests).
‡ By chi-square test.
§ By Wilcoxon’s signed rank test.
¶ By Fisher’s exact test.
# Diagnosis of juvenile dermatomyositis (DM) was based on Bohan and Peter criteria (42,43).
** Abnormal respiration, as a surrogate measure of early interstitial lung disease, included the following descriptions: shortness of
breath, accessory muscle use, tachypnea, requires oxygen, and ventilated.
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months ago (i.e., completed the CYC treatment course >6
months ago). The causal effect of interest in this study is there-
fore the continued effect of CYC treatment received over an ~6-
month course.

RESULTS

Demographic, clinical, and serologic features of pa-
tients receiving CYC and those not receiving CYC. Both
patients who received CYC and those who did not receive
CYC were predominantly female, white, and diagnosed as
having definite juvenile DM, and the 2 groups had an
equivalent duration of follow-up (Table 1). Patients who
received CYC were younger at diagnosis than patients who
did not receive CYC. When CYC was used, it was typically
given within the first few months after diagnosis. Although
skin disease activity at diagnosis was equivalent between
the treatment groups, the patients treated with CYC had
more global disease activity and muscle disease activity at
diagnosis. This underscores the need for an MSM ap-
proach, since the patients treated with CYC had more se-
vere disease. Proportions of the 4 more prevalent MSA
subgroups did not differ between CYC and non-CYC
patients, indicating that severe disease, as the indication for
CYC treatment, was present in all major MSA subgroups
(Supplementary Table 5, available on the Arthritis & Rheu-
matology web site at http://onlinelibrary.wiley.com/doi/
10.1002/art.40418/abstract). Notably, clinical scores and
features associated with severe disease, including early
interstitial lung disease, were present in both treatment
groups (Table 1), indicating that the PoTM was fitted using
patients representing a range of disease severities in both
treatment groups, although the distribution was more
skewed toward greater severity in the CYC group.

The large majority of patients in both treatment
groups were treated with oral glucocorticoids and/or metho-
trexate (Table 2). Greater proportions of patients treated
with CYC also received intravenous glucocorticoids and
intravenous immunoglobulin, and there was a trend toward
a higher proportion of these patients receiving hydroxy-
chloroquine, infliximab, or adalimumab. Most patients
within the CYC cohort who received these additional medi-
cations received them within the period beginning 6 months
before CYC was started to 12 months after CYC was
started. Therefore, these medications were included in the
MSM to adjust for potential confounding effects.

Improvement in skin disease, global disease, and
muscle disease activities in patients treated with CYC.
Descriptive analysis at 0, 6, 12, and 24 months after the
start of CYC treatment showed a significant reduction in
skin disease activity (v2[3] = 49.0, P = 1.3 9 10�10)
(Figure 1A). The median modified DAS for juvenile DM

decreased from 4.5 (IQR 3–5) at the start of CYC treatment to
2 (IQR 0–4) at 6 months (P = 3.5 9 10�5), 1.5 (IQR 0–3) at
12 months (P = 2.6 9 10�6), and 0 (IQR 0–3) at 24 months
(P = 6.2 9 10�7). The modified DAS for juvenile DM at 24
months was also significantly lower than at 6 months (P =
0.003). There was also a significant reduction in global disease
activity (v2[3] = 38.3, P = 2.4 9 10�8) (Figure 1B). The me-
dian PGA decreased from 6.4 (IQR 4.0–8.0) at the start of
CYC treatment to 1.7 (IQR 1.0–3.0) at 6 months (P = 5.8 9

10�7), 0.7 (IQR 0.4–2.0) at 12 months (P = 2.8 9 10�6), and
0.8 (IQR 0.0–1.5) at 24 months (P = 3.8 9 10�7). PGA at 24
months was also significantly lower than at 6 months (P =
0.008). Muscle disease activity also significantly improved
(v2[3] = 45.3, P = 8.0 9 10�10) (Figure 1C). The median
CMAS increased from 19.5 (IQR 5.75–38) at the start of
CYC treatment to 45.5 (IQR 42–50) at 6 months (P = 2.0 9

10-6), 48 (IQR 44–52) at 12 months (P = 4.0 9 10�6), and
51.5 (IQR 46.75–52) at 24 months (P = 8.3 9 10�6). CMAS
at 12 months and 24 months were also significantly higher
than at 6 months (P = 0.0002 and P = 0.0002, respectively).

There also appeared to be a significant reduction in
glucocorticoid dose in patients treated with CYC (v2[3] =
7.9, P = 0.047) (Figure 1D). The median (IQR) glucocorti-
coid dose decreased from 20 mg/day (IQR 13–30) at base-
line to 9.5 mg/day (IQR 5–15) at 6 months (P = 0.0004),
5.5 mg/day (IQR 3.6–10) at 12 months (P = 0.0009), and 5
mg/day (IQR 2.3–8.5) at 24 months (P = 0.006). The me-
dian glucocorticoid doses at 12 months and 24 months were
also significantly lower than at 6 months (P = 0.004 and
P = 0.007, respectively). However, 41.1–78.6% of precise
glucocorticoid dose data were missing at the visits corre-
sponding to these time points, compared to no missing

Table 2. Additional medications received during follow-up by
patients treated with CYC and patients not treated with CYC*

Treated
with CYC
(n = 56)

Not treated
with CYC
(n = 144) P†

Oral glucocorticoids 54 (96.4) 124 (86.1) 0.066‡
Intravenous glucocorticoids 36 (64.3) 58 (40.3) 0.0038‡
Methotrexate 55 (98.2) 129 (89.6) 0.045§
Cyclosporine 0 (0) 0 (0) –
Azathioprine 12 (21.4) 19 (13.2) 0.22‡
Hydroxychloroquine 20 (35.7) 30 (20.8) 0.045‡
Mycophenolate mofetil 6 (10.7) 8 (5.6) 0.22§
Intravenous immunoglobulin 18 (32.1) 18 (12.5) 0.0024‡
Rituximab 1 (1.8) 1 (0.7) 0.48§
Etanercept 0 (0) 2 (1.4) 1§
Infliximab 16 (28.6) 16 (11.1) 0.0050‡
Adalimumab 7 (12.5) 5 (3.5) 0.040§

* Values are the number (%). CYC = cyclophosphamide.
† To adjust for multiple hypothesis testing, P values less than 0.004
were considered statistically significant.
‡ By chi-square test.
§ By Fisher’s exact test.
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data for modified DAS for juvenile DM, 17.9–30.4% miss-
ing for PGA, and 23.2–28.6% missing for CMAS. It is pos-
sible that the pattern of missing glucocorticoid dose data
could reflect an underlying systematic bias, which may limit
the representativeness of the finding of a reduction in glu-
cocorticoid dose. It therefore may be more reasonable to
interpret these data as suggesting a downward trend in glu-
cocorticoid dose.

MSM analysis of CYC efficacy. AnMSM approach
was used to model the efficacy of CYC treatment on skin
disease, global disease, and muscle disease activities over
time (Figure 2). In the analytical model for skin disease,
there was no effect for patients who were treated with

CYC either in the last 6 months or 6–12 months ago, rela-
tive to patients who were never or not yet treated with
CYC (Figure 2A). However, patients who received CYC
>12 months ago had reduced skin disease activity over
time. The modified DAS for juvenile DM was on average
1.19 units lower in these patients compared to patients
who were never or not yet treated with CYC (P = 0.0085).

The analytical model for global disease activity
showed a trend toward increased disease activity in patients
who received CYC within the last 6 months, compared to
patients who were never or not yet treated with CYC (Fig-
ure 2B). CYC did not have an effect on global disease
activity in patients who received the drug 6–12 months ago.

Figure 1. Improvement in A, modified Disease Activity Score (DAS) for juvenile dermatomyositis, B, physician’s global assessment (PGA), C,
Childhood Myositis Assessment Scale (CMAS), and D, glucocorticoid dose within 24 months of starting cyclophosphamide (CYC) treatment.
Friedman’s test for nonparametric repeated-measures analysis of variance showed that overall, disease activity improved over the time points ana-
lyzed, with improvements in modified DAS for juvenile DM (v2[3] = 49.0, P = 1.3 9 10�10), PGA (v2[3] = 38.3, P = 2.4 9 10-8), CMAS (v2[3] =
45.3, P = 8.0 9 10�10), and glucocorticoid dose (v2[3] = 7.9, P = 0.047). Percentages of missing data at 0, 6, 12, and 24 months, respectively, were
as follows: 0%, 0%, 0%, and 0% for modified DAS for juvenile DM; 17.9%, 21.4%, 30.4%, and 28.6% for PGA; 28.6%, 25.0%, 23.2%, and
28.6% for CMAS; and 78.6%, 57.1%, 41.1%, and 44.6% for glucocorticoid dose. Circles represent individual patients; horizontal lines and boxes
show the median (interquartile range). Bars above and below the boxes show the range.
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Similar to the analytical model for the modified DAS for
juvenile DM, CYC was efficacious in patients who received
CYC >12 months ago compared to patients who had never
received or were not yet treated with CYC. PGA was on
average 0.66 units lower in these patients (P = 0.027).

In the analytical model for muscle disease activity,
CYC did not result in a significant improvement

(Figure 2C). CMAS was 9.81 units lower, indicating higher
disease activity, in patients who received CYC within the
last 6 months compared to patients who never or had not
yet received CYC. CYC had no effect for patients who
received CYC 6–12 months ago, but there was a trend
toward improvement in patients treated with CYC >12
months ago.

Plots of weighted and unweighted mean modified
DAS for juvenile DM, PGA, and CMAS for the first 2
years after diagnosis and for both the patients who had
never or not yet received CYC and the patients at the
start of CYC treatment showed that at some, but not all,
time points weighting improved the balance between
these 2 treatment groups, as indicated by time points
where the confidence intervals of the weighted means for
the treatment groups overlapped (Supplementary
Figure 1, available on the Arthritis & Rheumatology web
site at http://onlinelibrary.wiley.com/doi/10.1002/art.40418/
abstract). This residual confounding could account for the
increased disease activity observed within the first 12
months of CYC treatment in all 3 analytical models.

Minimal side effects of CYC.Minor adverse events
were reported in 3 patients within 1 year of stopping
CYC; these were 3 respiratory infections and 1 episode of
mouth ulcers. There were a further 4 reported adverse
events, but these occurred >1 year after stopping CYC.
There were no reports of infertility or malignancy,
although the follow-up data available at present are insuf-
ficient to fully evaluate these issues.

DISCUSSION

This study used both a descriptive analysis and an
MSM approach to investigate the efficacy of CYC retro-
spectively using a large national cohort of juvenile DM
patients. In the descriptive analysis, improvements in
global disease, skin disease, and muscle disease activity fol-
lowing CYC treatment were found. In the MSM analysis,
the greatest benefit was observed in skin disease and
global disease activity at 12 months after the start of CYC
treatment, relative to patients who never or had not yet
received CYC. Delay to diagnosis is linked to poor prog-
nosis in juvenile DM (25), and aggressive treatment at an
early stage of disease leads to better outcomes (11). We
found that CYC has sustained beneficial effects, which
could possibly be related to an effect of CYC in resetting
the immunologic milieu, such that disease is downgraded.
Long-term beneficial effects of CYC treatment for lupus
nephritis have also been reported (26). Improvement in
juvenile DM skin disease was noted previously (10).

At present, longer-term side effects of CYC on fer-
tility and malignancy remain unknown and need to be

Figure 2. Longitudinal marginal structural model (MSM) analysis of
cyclophosphamide (CYC) efficacy for improvement in juvenile der-
matomyositis (DM). Forest plots depict estimated regression coeffi-
cients (Coef) from final analytical models where modified Disease
Activity Score (DAS) for juvenile DM (A), physician’s global assess-
ment (PGA) (B), and Childhood Myositis Assessment Scale (CMAS)
(C) were modeled as outcomes using data from 56 patients treated
with CYC and 144 patients not treated with CYC. These final analyti-
cal models were weighted using inverse propensity score values gener-
ated by an MSM, in order to balance confounding differences
between patients who were and those who were not treated with
CYC. Asterisks indicate significant P values. 95% CI = 95% confi-
dence interval.
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addressed by further studies. The cumulative doses of
CYC used in this study are below levels likely to cause
either of these complications. When similar or higher
doses of CYC have been administered to women with
SLE, younger age (especially younger than 25 years) has
had a protective effect against infertility issues (27–29).
Infertility is rare in males who have received doses lower
than 7.5 gm/m2 (30–32). Malignancy has been reported in
one 17-year-old female treated with a cumulative dose of
>20 gm of CYC (33), and otherwise a limited number of
malignancies have developed in adult SLE patients, who
typically received higher doses of CYC (34–36). Initially
at GOSH, the standard NIH protocol for CYC treatment
of SLE of 12 doses was applied to juvenile DM (37–39);
however, since noticeable improvement was observed
after 6 doses, the protocol was changed over the years to
the current protocol of giving a maximum of 6–7 doses. It
remains unknown whether further reducing the dose to,
for example, the first 4 doses could retain a high degree
of efficacy while further improving the safety profile.

In rare diseases, establishing clinical trials to evalu-
ate drug efficacy is particularly challenging. This study
highlights the value of long-term observational studies in
rare diseases and the use of analytical methods to maxi-
mize the knowledge that can be derived from such studies.
Data from a large number of patients recruited to the
UK-wide JDCBS enabled a study of the largest-ever ana-
lyzed cohort of juvenile DM patients treated with CYC.
The MSM approach enabled these patients to be directly
compared with patients who had never or not yet received
CYC by accounting for confounding by indication.

MSMs yield unbiased causal estimates of treat-
ment effects provided certain assumptions are met. First,
there should be no unmeasured confounders, so that the
data set captures all of the factors predictive of both out-
comes and treatment with CYC. Second, there must be
some unexplained variation in who gets CYC at any given
time point; this is known as the experimental treatment
assignment assumption. Thus, MSMs are not suitable for
studies where treatment is strictly protocolized. Even after
applying inverse probability-of-treatment weights, the
confidence intervals for the mean modified DAS for juve-
nile DM, PGA, and CMAS did not overlap at certain time
points, for both the patients who had never or not yet
received CYC and the patients at the start of CYC treat-
ment. This suggests that confounding of these treatment
groups was not perfectly controlled for by the MSM, par-
ticularly within the first 12 months, suggesting unex-
plained variation in CYC initiation and the possibility of
unmeasured confounders. Consequently, it is possible that
the MSM analysis underestimated CYC efficacy. Some
indications for CYC use, such as failure to respond to

standard treatment and vasculitis, may have been inade-
quately captured by the variables used in the PoTM.

The analytical approach of this observational study
also has limitations. The inverse probability-of-treatment
weights used in MSMs often have a very skewed distribu-
tion. This can lead to the undesirable scenario where the
results are driven by a single observation, or by a single
patient. For this reason, truncation of the weights is rec-
ommended (40,41), and 20 is often chosen as the trunca-
tion point. Following this practice, we truncated our
weights at 20; however, we recognize that the truncation
point is arbitrary.

The findings of improved clinical benefit within
the first 12 months of CYC treatment in the descriptive
analysis appear to conflict with the results of MSM analy-
sis, which show either no improvement or an increase in
disease activity within the first 12 months of CYC treat-
ment and improvement in skin and global disease after
the first 12 months. It is possible that patients who did not
receive CYC also showed clinical benefit over that time
period, thus lessening the relative benefit in the patients
treated with CYC during the first 12 months, with relative
benefit being most apparent after those first 12 months. It
is also possible the MSM did not adequately control for
confounding during this time period, such that treatment
efficacy was underestimated.

In summary, we have shown that CYC is efficacious
with no reported side effects using a large national cohort
of juvenile DM patients. In contrast to biologic therapies
that are also used as second-line treatments in juvenile DM,
CYC is an inexpensive drug requiring a short treatment
course of 6–7 months. As long as infections are monitored,
the sustained clinical benefit demonstrated by this study
suggests that more frequent use of CYC may be warranted.

ACKNOWLEDGMENTS

We thank all of the patients and their families who con-
tributed to the UK Juvenile Dermatomyositis Cohort and Biomark-
er Study. We are grateful to Juvenile Dermatomyositis Research
Group (JDRG) members who kindly completed some of the miss-
ing data using patient records at their centers: Susan Wadeson and
Dr. Liza McCann (The Royal Liverpool Children’s Hospital, Alder
Hey, Liverpool), Dr. Mark Wood and Deborah Burton (Leeds
General Infirmary, Leeds), Dr. Eslam Al-Abadi (Birmingham
Children’s Hospital, Birmingham), Dr. Kishore Warrier (Queens
Medical Centre, Nottingham), Ruth Kingshott, Heather Chisem,
and Dr. Anne-Marie McMahon (Sheffield’s Children’s Hospital,
Sheffield), Dr. Joyce Davidson and Margaret Connon (Royal
Aberdeen Children’s Hospital), and Dr. Mark Friswell (Great
North Children’s Hospital, Newcastle). We thank Professor Neil
McHugh and Dr. Sarah Tansley who provided the autoantibody
data. We also thank local research coordinators and principal inves-
tigators of the JDRG who made this research possible.

EFFICACY OF CYCLOPHOSPHAMIDE FOR JUVENILE DERMATOMYOSITIS 791



AUTHOR CONTRIBUTIONS

All authors were involved in drafting the article or revising it
critically for important intellectual content, and all authors approved
the final version to be published. Dr. Deakin had full access to all of
the data in the study and takes responsibility for the integrity of the
data and the accuracy of the data analysis.
Study conception and design. Deakin, Campanilho-Marques, Morai-
tis, Wedderburn, Pilkington.
Acquisition of data. Deakin, Campanilho-Marques, Simou, Wedder-
burn, Pilkington.
Analysis and interpretation of data. Deakin, Campanilho-Marques,
Pullenayegum, Pilkington.

REFERENCES

1. Meyer A, Meyer N, Schaeffer M, Gottenberg JE, Geny B, Sibilia
J. Incidence and prevalence of inflammatory myopathies: a sys-
tematic review. Rheumatology (Oxford) 2015;54:50–63.

2. Friedman OM, Seligman AM. Preparation of N-phosphorylated
derivatives of Bis-b-chloroethylamine 1a. J Am Chem Soc
1954;76:655–8.

3. Donelli MG, Bartosek I, Guaitani A, Martini A, Colombo T,
Pacciarini MA, et al. Importance of pharmacokinetic studies on
cyclophosphamide (NSC-26271) in understanding its cytotoxic
effect. Cancer Treat Rep 1976;60:395–401.

4. Canellos GP, Devita VT, Gold GL, Chabner BA, Schein PS,
Young RC. Cyclical combination chemotherapy for advanced
breast carcinoma. Br Med J 1974;1:218–20.

5. Bonadonna G, Brusamolino E, Valagussa P, Rossi A, Brugnatelli L,
Brambilla C, et al. Combination chemotherapy as an adjuvant treat-
ment in operable breast cancer. N Engl J Med 1976;294:405–10.

6. Steinberg AD, Kaltreider HB, Staples PJ, Goetzl EJ, Talal N,
Decker JL. Cyclophosphamide in lupus nephritis: a controlled
trial. Ann Intern Med 1971;75:165–71.

7. Novack SN, Pearson CM. Cyclophosphamide therapy in Wegener’s
Granulomatosis. N Engl J Med 1971;284:938–42.

8. See Y, Martin K, Rooney M, Woo P. Severe juvenile dermato-
myositis complicated by pancreatitis. Br J Rheumatol 1997;36:
912–6.

9. Ramanan AV, Sawhney S, Murray KJ. Central nervous system
complications in two cases of juvenile onset dermatomyositis.
Rheumatology (Oxford) 2001;40:1293–8.

10. Riley P, Maillard SM, Wedderburn LR, Woo P, Murray KJ,
Pilkington CA. Intravenous cyclophosphamide pulse therapy in
juvenile dermatomyositis: a review of efficacy and safety. Rheu-
matology (Oxford) 2004;43:491–6.

11. Enders FB, Bader-Meunier B, Baildam E, Constantin T, Dolezalova
P, Feldman BM, et al. Consensus-based recommendations for the
management of juvenile dermatomyositis. Ann Rheum Dis 2017;76:
329–40.

12. Kyriacou DN, Lewis RJ. Confounding by indication in clinical
research. JAMA 2016;316:1818–9.

13. Robins JM, Hern�an MA, Brumback B. Marginal structural mod-
els and causal inference in epidemiology. Epidemiology 2000;11:
550–60.

14. Martin N, Krol P, Smith S, Murray K, Pilkington CA, Davidson JE,
et al. A national registry for juvenile dermatomyositis and other
paediatric idiopathic inflammatory myopathies: 10 years’ experi-
ence; the Juvenile Dermatomyositis National (UK and Ireland)
Cohort Biomarker Study and Repository for Idiopathic Inflamma-
tory Myopathies. Rheumatology (Oxford) 2011;50:137–45.

15. Lam CG, Manlhiot C, Pullenayegum EM, Feldman BM. Efficacy
of intravenous Ig therapy in juvenile dermatomyositis. Ann
Rheum Dis 2011;70:2089–94.

16. Bode RK, Klein-Gitelman MS, Miller ML, Lechman TS, Pachman
LM. Disease Activity Score for children with juvenile

dermatomyositis: reliability and validity evidence. Arthritis Rheum
2003;49:7–15.

17. Huber AM, Feldman BM, Rennebohm RM, Hicks JE, Lindsley
CB, Perez MD, et al. Validation and clinical significance of the
Childhood Myositis Assessment Scale for assessment of muscle
function in the juvenile idiopathic inflammatory myopathies. Ar-
thritis Rheum 2004;50:1595–603.

18. Tansley SL, Betteridge ZE, Gunawardena H, Jacques TS, Owens
CM, Pilkington C, et al. Anti-MDA5 autoantibodies in juvenile
dermatomyositis identify a distinct clinical phenotype: a prospec-
tive cohort study. Arthritis Res Ther 2014;16:R138.

19. Gunawardena H, Wedderburn LR, North J, Betteridge Z, Dunphy
J, Chinoy H, et al. Clinical associations of autoantibodies to a
p155/140 kDa doublet protein in juvenile dermatomyositis.
Rheumatology (Oxford) 2008;47:324–8.

20. Gunawardena H, Wedderburn LR, Chinoy H, Betteridge ZE,
North J, Ollier WE, et al. Autoantibodies to a 140-kd protein in
juvenile dermatomyositis are associated with calcinosis. Arthritis
Rheum 2009;60:1807–14.

21. Tansley SL, Betteridge ZE, Shaddick G, Gunawardena H, Arnold
K, Wedderburn LR, et al. Calcinosis in juvenile dermatomyositis
is influenced by both anti-NXP2 autoantibody status and age at
disease onset. Rheumatology (Oxford) 2014;53:2204–8.

22. Team RDC. R : A Language and Environment for Statistical
Computing. Vienna Austria: R Found. Stat. Comput.; 2015. ISBN
3-900051-07-0.

23. Zeger SL, Liang KY, Albert PS. Models for longitudinal data: a
generalized estimating equation approach [published erratum
appears in Biometrics 1989;45:347]. Biometrics 1988;44:1049–60.

24. Liang KY, Zeger SL. Longitudinal data analysis using generalized
linear models. Biometrika 1986;73:13–22.

25. Pachman LM, Abbott K, Sinacore JM, Amoruso L, Dyer A, Lipton
R, et al. Duration of illness is an important variable for untreated
children with juvenile dermatomyositis. J Pediatr 2006;148:247–53.

26. Steinberg AD, Steinberg SC. Long-term preservation of renal
function in patients with lupus nephritis receiving treatment that
includes cyclophosphamide versus those treated with prednisone
only. Arthritis Rheum 1991;34:945–50.

27. Boumpas DT, Austin HA III, Vaughan EM, Yarboro CH, Klippel
JH, Balow JE. Risk for sustained amenorrhea in patients with
systemic lupus erythematosus receiving intermittent pulse
cyclophosphamide therapy. Ann Intern Med 1993;119:366–9.

28. Huong DL, Amoura Z, Duhaut P, Sbai A, Costedoat N, Wechsler
B, et al. Risk of ovarian failure and fertility after intravenous cyclo-
phosphamide: a study in 84 patients. J Rheumatol 2002;29:2571–6.

29. Appenzeller S, Blatyta PF, Costallat LT. Ovarian failure in SLE
patients using pulse cyclophosphamide: comparison of different
regimes. Rheumatol Int 2008;28:567–71.

30. Watson AR, Rance CP, Bain J. Long term effects of cyclophos-
phamide on testicular function. Br Med J (Clin Res Ed)
1985;291:1457–60.

31. Aubier F, Flamant F, Brauner R, Caillaud JM, Chaussain JM,
Lemerle J, et al. Male gonadal function after chemotherapy for
solid tumors in childhood. J Clin Oncol 1989;7:304–9.

32. Kenney LB, Laufer MR, Grant FD, Grier H, Diller L. High risk
of infertility and long term gonadal damage in males treated with
high dose cyclophosphamide for sarcoma during childhood. Can-
cer 2001;91:613–21.

33. Alivizatos G, Dimopoulou I, Mitropoulos D, Dimopoulos AM,
Koufakis I, Lykourinas M, et al. Bladder cancer in a young girl
with systemic lupus erythematosus treated with cyclophosphamide.
Acta Urol Belg 1991;59:133–7.

34. Gibbons RB, Westerman E. Acute nonlymphocytic leukemia
following short-term, intermittent, intravenous cyclophosphamide
treatment of lupus nephritis. Arthritis Rheum 1988;31:1552–4.

35. Thrasher JB, Miller GJ, Wettlaufer JN. Bladder leiomyosarcoma
following cyclophosphamide therapy for lupus nephritis. J Urol
1990;143:119–21.

792 DEAKIN ET AL



36. Vasquez S, Kavanaugh AF, Schneider NR, Wacholtz MC, Lipsky
PE. Acute nonlymphocytic leukemia after treatment of systemic
lupus erythematosus with immunosuppressive agents. J Rheuma-
tol 1992;19:1625–7.

37. McCune WJ, Golbus J, Zeldes W, Bohlke P, Dunne R, Fox DA.
Clinical and immunologic effects of monthly administration of
intravenous cyclophosphamide in severe systemic lupus erythe-
matosus. N Engl J Med 1988;318:1423–31.

38. Lehman TJ, Sherry DD, Wagner-Weiner L, McCurdy DK, Emery
HM, Magilavy DB, et al. Intermittent intravenous cyclophos-
phamide therapy for lupus nephritis. J Pediatr 1989;114:1055–60.

39. Boumpas DT, Austin HA III, Vaughn EM, Klippel JH, Steinberg
AD, Yarboro CH, et al. Controlled trial of pulse methylpred-
nisolone versus two regimens of pulse cyclophosphamide in se-
vere lupus nephritis. Lancet 1992;340:741–5.

40. Cole SR, Hern�an MA. Constructing inverse probability weights
for marginal structural models. Am J Epidemiol 2008;168:656–64.

41. Lee BK, Lessler J, Stuart EA. Weight trimming and propensity
score weighting. PLoS One 2011;6:e18174.

42. Bohan A, Peter JB. Polymyositis and dermatomyositis (first of
two parts). N Engl J Med 1975;292:344–7.

43. Bohan A, Peter JB. Polymyositis and dermatomyositis (second of
two parts). N Engl J Med 1975;292:403–7.

APPENDIX A: JUVENILE DERMATOMYOSITIS
RESEARCH GROUP MEMBERS

The following Juvenile Dermatomyositis Research Group
members contributed to the study: Dr. Kate Armon, Mr. Joe Ellis-Gage,
Ms Holly Roper, Ms Vanja Briggs, Ms Joanna Watts (Norfolk and
Norwich University Hospitals); Dr. Liza McCann, Mr. Ian Roberts, Dr.
Eileen Baildam, Ms Louise Hanna, Ms Olivia Lloyd, Ms Susan Wadeson
(The Royal Liverpool Children’s Hospital, Alder Hey, Liverpool); Dr. Phil
Riley, Ms Ann McGovern (Royal Manchester Children’s Hospital,

Manchester); Dr. Clive Ryder, Mrs. Janis Scott, Mrs. Beverley Thomas,
Professor Taunton Southwood, Dr. Eslam Al-Abadi (Birmingham
Children’s Hospital, Birmingham); Dr. Sue Wyatt, Mrs. Gillian Jackson,
Dr. Tania Amin, Dr. Mark Wood, Dr. Vanessa VanRooyen, Ms Deborah
Burton (Leeds General Infirmary, Leeds); Dr. Joyce Davidson, Dr. Janet
Gardner-Medwin, Dr. Neil Martin, Ms Sue Ferguson, Ms Liz Waxman,
Mr. Michael Browne (The Royal Hospital for Sick Children, Yorkhill,
Glasgow); Dr. Mark Friswell, Professor Helen Foster, Mrs. Alison Swift,
Dr. Sharmila Jandial, Ms Vicky Stevenson, Ms Debbie Wade, Dr. Ethan
Sen, Dr. Eve Smith, Ms Lisa Qiao, Mr. Stuart Watson, Ms Claire Duong
(Great North Children’s Hospital, Newcastle); Dr. Helen Venning, Dr.
Rangaraj Satyapal, Mrs. Elizabeth Stretton, Ms Mary Jordan, Dr. Ellen
Mosley, Ms Anna Frost, Ms Lindsay Crate, Dr. Kishore Warrier, Ms
Stefanie Stafford (Queens Medical Centre, Nottingham); Professor Lucy
Wedderburn, Dr. Clarissa Pilkington, Dr. Nathan Hasson, Mrs. Sue
Maillard, Ms Elizabeth Halkon, Ms Virginia Brown, Ms Audrey Juggins,
Dr. Sally Smith, Mrs. Sian Lunt, Ms Elli Enayat, Mrs. Hemlata Varsani,
Miss Laura Kassoumeri, Miss Laura Beard, Miss Katie Arnold, Mrs.
Yvonne Glackin, Ms Stephanie Simou, Dr. Beverley Almeida, Dr. Kiran
Nistala, Dr. Shireena Yasin, Dr. Raquel Marques, Dr. Claire Deakin, Ms
Stefanie Dowle, Dr. Charis Papadopoulou, Mrs. Cerise Johnson-Moore,
Ms Emily Robinson (Great Ormond Street Hospital, London); Dr. Kevin
Murray (Princess Margaret Hospital, Perth, Western Australia); Dr. John
Ioannou, Ms Linda Suffield (University College London Hospital,
London); Dr. Muthana Al-Obaidi, Ms Helen Lee, Ms Sam Leach, Ms
Helen Smith, Dr. Anne-Marie McMahon, Ms Heather Chisem, Ms Ruth
Kingshott (Sheffield’s Children’s Hospital, Sheffield); Dr. Nick Wilkinson,
Ms Emma Inness, Ms Eunice Kendall, Mr. David Mayers, Ms Ruth
Etherton, Ms Danielle Miller, Dr. Kathryn Bailey (Oxford University
Hospitals, Oxford); Dr. Jacqui Clinch, Ms Natalie Fineman, Ms Helen
Pluess-Hall (Bristol Royal Hospital for Children, Bristol); Ms Lindsay Val-
lance (Royal Aberdeen Children’s Hospital); Ms Louise Akeroyd (Brad-
ford Teaching Hospitals); and Dr Alice Leahy, Ms Amy Collier, Ms
Rebecca Cutts, Ms Emma Macleod, Dr. Hans De Graaf, Dr. Brian
Davidson, Ms Sarah Hartfree, Mr. Danny Pratt (University Hospital
Southampton).

EFFICACY OF CYCLOPHOSPHAMIDE FOR JUVENILE DERMATOMYOSITIS 793


