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Abstract Interstitial lung disease (ILD) is the most com-
mon cause of death in dermatomyositis (DM). Cyclo-
sporine A (CsA) has shown to be effective in DM-associ-
ated ILD (DM-ILD). This study aimed to define the optimal
time of CsA administration. A total of 47 patients with
DM-ILD, who were treated with CsA at Seoul National
University Hospital between January 1998 and June 2013,
were enrolled. ILD was diagnosed based on typical chest
high-resolution computed tomography (HRCT) findings.
Patients with early and delayed CsA treatment were com-
pared in regard to the mortality and ILD progression on
HRCT. The early (n = 16) and the delayed treatment group
(n = 31) did not differ in regard to baseline clinical charac-
teristics including HRCT scores and pulmonary function.
Patients with clinically amyopathic DM (CADM) were
more common in the early treatment group. The mortality
rate was significantly lower in the early treatment group
than in the delayed treatment group (p = 0.009). The sur-
vival benefit of early CsA treatment remained significant
even after adjusting for age, degree of dyspnea, CADM
status, and the year of CsA treatment (hazard ratio 0.057,
95 % confidence interval 0.007-0.472). CsA stabilized
disease progression on HRCT in the early treatment group
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(p = 0.738). Delay in CsA treatment is associated with a
worse survival in patients with DM-ILD. Early CsA treat-
ment should be considered at DM-ILD diagnosis especially
in patients at a higher risk of developing a rapidly progres-
sive ILD.
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Introduction

Dermatomyositis (DM) is a connective tissue disease of
unknown etiology that causes inflammation in skeletal
muscle and skin. It can affect various organs including
lungs as interstitial lung disease (ILD). ILD develops in
21-78 % of DM patients, and it is the most common cause
of death in patients with DM with a 5-year mortality rate
ranging between 7.5 and 55 % [1-5]. Clinically amyopathic
dermatomyositis (CADM) is a clinical subtype of DM that
features skin involvement with no to little muscle weakness
[6]. Patients with CADM have a higher risk of developing
rapidly progressive ILD that is often refractory to corticos-
teroids treatment [6—-8]. CADM status, baseline low forced
vital capacity (FVC) <60 %, and rapid progression of ILD
were associated with a higher mortality in DM-associated
ILD (DM-ILD) [8].

Administration of high-dose corticosteroids belongs to
the initial standard treatment of DM-ILD [9]. However, a
significant number of patients with DM-ILD do not respond
to corticosteroid alone and require additional immunosup-
pressive treatment [10, 11]. Recent studies showed that
patients who were treated intensively with the combination
of immunosuppressive drugs (ISDs) at DM-ILD diagnosis
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had a better survival outcome compared to those who
received ISDs in a sequential (i.e., step-up) approach after
failure of the initial treatment [12, 13].

Cyclosporine A (CsA) is a calcineurin inhibitor that
preferentially targets T cell activation during inflammatory
response. CsA has been reported to be effective in DM-ILD
[10, 13—16]. However, the optimal time of CSA commence-
ment that yields its maximal clinical efficacy remains
unknown. In the present study, we sought to determine
whether patients that receive early CsA treatment have a
better survival benefit than those in whom CsA administra-
tion is delayed.

Methods

Patients

In this study, 47 patients with DM-ILD, who received
CsA during their clinical care at Seoul National Univer-
sity Hospital between January 1998 and June 2013, were
enrolled. Classic DM and CADM were diagnosed accord-
ing to Bohan and Peter’s classification criteria [17] and
Sontheimer’s definition [6], respectively. The demographic
and clinical characteristics, laboratory values, and pulmo-
nary function test (PFT) results were obtained from the
medical records. The survival status of all patients was con-
firmed using the national database of Statistics Korea. This
study was approved by the Institutional Review Board of
Seoul National University Hospital (IRB No. 1307-063-
503). Obtaining an informed consent was waived as a ret-
rospective nature of the study with minimal risk to study
patients.

HRCT scoring and pulmonary function test

ILD was defined as the presence of typical ILD findings in
high-resolution computed tomography (HRCT) of chest.
Those findings include ground glass opacities (GGO),
linear and reticular opacities, consolidations, and trac-
tion bronchiectasis [4, 18, 19]. Severity of ILD on HRCT
scan was scored as previously described [20]. Briefly, CT
images of both lung lobes (i.e., the right upper, middle and
lower lobe and the left upper and lower lobe) at mid-arch
of the aorta, tracheal carina, and 1 cm above the diaphragm
were scored on a scale of 0-5 in a semi-quantitative man-
ner and were added together, yielding a total score between
0 and 25.

PFT was performed in most patients at ILD diagno-
sis. FVC and diffusing capacity for carbon monoxide
(DLCO) were expressed as a percentage of the predicted
values on the basis of a patient’s age, sex, height, and
weight.
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Study design

This is a retrospective cohort study. Enrolled patients were
divided into two groups according to the time of CsA treat-
ment. The patients in the early treatment group (n = 16)
received CsA treatment within 2 weeks of the diagnosis
of ILD (between 2003 and 2013), whereas the patients in
the delayed treatment group (n = 31) received CsA after
the trial of other ISDs (between 1998 and 2013). Decision
on CsA administration was made solely at the discretion
of the treating physician. To ascertain the comparability of
the study groups, major risk factors affecting survival of the
ILD patients were compared. They included age, duration
of disease, presence of malignancy, CADM status, oxygen
saturation, functional reserve of lung measured by PFT, the
extent of ILD measured by HRCT at baseline, which was
defined as the time of diagnosis of ILD, and the treatment
year. Survival of the patients from the baseline was com-
pared between the study groups.

Statistical methods

Group comparisons were made using Student’s ¢ test,
Chi—square test, or Fisher’s exact test, as appropriate. Sur-
vival was analyzed by using Kaplan—Meier curves and the
log-rank test. The survival benefit of the early versus the
delayed CsA treatment was assessed using the Cox regres-
sion hazard model. The paired ¢ test was used to evaluate
the changes in HRCT scores before and after CsA treat-
ment. A p value of <0.05 was considered to indicate statisti-
cal significance. Data analyses were performed using SPSS
software version 18.0 (SPSS, Inc., Chicago, IL, USA).

Results
Clinical characteristics of patients

All patients received corticosteroid therapy (0.5-1.0 mg/
kg prednisolone equivalent daily) at DM-ILD diagnosis.
Patients in the delayed treatment group received CsA on
average 5.3 £ 8.8 months after ILD diagnosis. The ISDs
in the delayed treatment group included corticosteroid
alone (n = 16) and combination of corticosteroids with
methotrexate (n = 6), azathioprine (n = 6), or intravenous
cyclophosphamide (n = 3). CsA was orally administered in
both groups except in 3 patients who received CsA intra-
venously. Dosage of CsA was not different between the
early and the delayed treatment groups (167.2 = 37.3 vs.
157.9 & 77.5 mg/day, p = 0.654).

Overall, the patients in the early and delayed treatment
groups were similar in terms of their baseline demographic
and clinical characteristics. The mean duration of CsA
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Table 1 Baseline characteristics of the early and delayed CsA treatment groups at ILD diagnosis

Early CsA treatment (n = 16) Delayed CsA treatment (n = 31) p value
Female 10 (62.5) 25 (80.6) 0.289
Age at ILD diagnosis (years) 499 £ 8.6 482 +£10.2 0.560
Time between symptom onset and ILD diagnosis (months) 25+29 334+39 0.465
Time between ILD diagnosis and CsA treatment (months) 02+04 53+838 0.003
CsA dosage (mg/day) 167.2 £37.3 1579 +77.5 0.654
Duration of CsA treatment (months) 16.0 £ 144 10.3 +21.8 0.350
CADM 10 (62.5) 9(29.0) 0.034
Malignancy 1(6.3) 1(3.2) 1.000
Low oxygen saturation (SpO, < 90 % at room air) 4(25.0) 11 (35.5) 0.527
Creatine kinase (IU/L) 236.8 + 351.7 1475.6 + 4190.5 0.247
Anti-Jol (n = 43; early 13, delayed 30) 1/13 (7.7) 3/30 (10.0) 1.000
Baseline FVC (%) (n = 40; early 14, delayed 26) 67.9 £ 10.7 66.2 +16.8 0.735
Baseline DLCO (%) (n = 35; early 14, delayed 21) 53.9+£10.8 60.6 + 18.4 0.228
Baseline HRCT score (n = 46; early 16, delayed 30) 9.1+22 9.3+3.7 0.813

Data are presented as mean =+ SD or n (%) unless otherwise stated

PFT was not performed in seven patients during the observation period. Baseline HRCT scores were not available in one patient with delayed

CsA treatment

Bold values represent p < 0.05

CsA cyclosporine A, CADM clinically amyopathic dermatomyositis, DLCO diffusing capacity of carbon monoxide, FVC forced vital capacity,

HRCT high-resolution computed tomography

treatment was 16.0 == 14.4 months in the early treatment
group and 10.3 + 21.8 months in the delayed treatment
group (p = 0.350). At ILD diagnosis, 4 (25.0 %) patients
in the early treatment group and 11 (35.5 %) patients in the
delayed treatment group had oxygen saturation of 90 % or
less at room air (p = 0.527). The groups did not differ in
regard to baseline FVC, DLCO, and HRCT scores. How-
ever, the early treatment group included more patients with
CADM than the delayed treatment group (62.5 vs. 29.0 %,
p = 0.034) (Table 1). When the number of patients in both
groups was compared according to the treatment year,
the early treatment group also had a higher proportion of
patients treated with CsA after year 2010 (median treatment
time of the total patients) (75.0 vs. 38.7 %, p = 0.030).

Survival outcome with CsA treatment

During the follow-up period (mean 30.6 £+ 37.2 months), 1
(6.3 %) of the 16 patients in the early treatment group and 13
(41.9 %) of the 31 patients in the delayed treatment group pro-
gressed to hypoxemia status despite oxygen supplement. They
all received mechanical ventilation in intensive care unit (ICU),
and average duration of ICU stay was 19.3 £ 11.7 days. How-
ever, all of these patients, including 4 patients who received
lung transplantation (TPL), died. Causes of death included
respiratory failure due to ILD aggravation, septic shock, ten-
sion pneumothorax, ventricular arrhythmia, and complica-
tions associated with lung TPL. Lung TPL was performed in

1 patient in the early and 3 patients in the delayed treatment
group after receiving CsA treatment and mechanical ventila-
tion. Three patients died of pneumonia within 12 months after
TPL, and the other 1 patient died of pneumonia which com-
plicates with graft rejection 5 years after TPL. Additionally, 1
patient in the delayed treatment group died suddenly due to
diffuse alveolar hemorrhage (Table 2).

As aresult, only 1 (6.3 %) of the 16 patients in the early
treatment group died. By contrast, 14 (45.2 %) of the 31
patients in the delayed treatment group died. The early
treatment group had a significantly lower all-cause mor-
tality than the delayed treatment group (p = 0.009 by log-
rank test) (Fig. 1). The survival benefit of the early CsA
treatment remained significant even after adjusting for
age, CADM status, the presence of low oxygen saturation
at baseline (SpO, < 90 %), and the year of CsA treatment
(hazard ratio 0.057, 95 % confidence interval 0.007-0.472,
p = 0.008). In patients with CADM, the early CsA treat-
ment also significantly improved the survival (p = 0.007 by
log-rank test) (Fig. 2).

Changes in HRCT scores with CsA treatment

Serial assessments of HRCT were available in 12 (75.0 %)
patients of the early and in 18 (58.1 %) patients of the
delayed treatment group. Among the patients who died,
9 patients did not have a follow-up HRCT scan after CsA
treatment. Baseline HRCT scores at ILD diagnosis for
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Table 2 Causes of death in patients with dermatomyositis-associated interstitial lung disease who received cyclosporine A

Cause of death Early CsA treatment (n = 16) Delayed CsA treatment (n = 31)

Respiratory failure from ILD progression

Pneumonia after lung transplantation 1
Diffuse alveolar hemorrhage

Septic shock

Secondary tension pneumothorax

Ventricular arrhythmia

Number of total death 1

e B L VS B e Y

14

All patients except one (died of sudden diffuse alveolar hemorrhage) admitted to the intensive care unit and received mechanical ventilation
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Fig.1 Delayed CsA treatment is associated with higher mortal-
ity. Patients who received cyclosporine A (CsA) within 2 weeks of
ILD diagnosis had better survival outcomes than patients who were
treated with CsA on average 5.3 £ 8.8 months after the diagnosis
(p = 0.009)

patients in whom serial HRCT scans were available were
similar in both groups (8.8 & 2.6 vs. 9.4 &+ 3.7, p = 0.620).
In the early treatment group, HRCT before CsA treatment
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Fig. 2 Survival outcomes of subgroup patients with classic dermato-
myositis or clinically amyopathic dermatomyositis. Cyclosporine
A treatment starting at ILD diagnosis resulted in significantly better

@ Springer

was considered as baseline because CsA treatment was
done shortly after ILD diagnosis. In the delayed treatment
group, HRCTs before CsA treatment were evaluated on
average of 4.6 £ 10.6 months after baseline HRCTs. Inter-
val of HRCTs between before and after CsA treatment was
mean 16.3 + 22.3 months in the early treatment group and
13.7 & 15.5 months in the delayed treatment group, respec-
tively. Two groups had comparable time interval (p = 0.709).
After introduction of CsA, the mean HRCT score did
not change in the early treatment group (8.8 + 2.6 vs.
8.4 £ 3.9, p = 0.738). In the delayed treatment group, the
HRCT scores tended to worsen during the initial treatment
period with corticosteroids with or without ISDs (9.4 & 3.7
vs. 10.8 £ 4.5, p = 0.070). ILD progression was stabi-
lized after CsA introduction (10.8 & 4.5 vs. 11.8 + 6.0,
p = 0.273) (Fig. 3). Overall, there was a significant dete-
rioration in HRCT scores in the delayed treatment group
relative to baseline HRCT (9.4 &+ 3.7 vs. 11.8 + 6.0,
p = 0.029). The early CsA treatment showed a favorable
radiologic response compared to the delayed CsA treat-
ment (HRCT score difference between baseline and after
CsA in each group, —0.4 £ 4.2 vs. 2.3 £ 4.2, p = 0.088).

(b) CADM
100 et
=
; 75-‘
5 "‘} Early CsA(n = 10)
E:; 50 "I
o ! Delayed CsA(n=9
& 25 L________f_a)f_ sA(n=9)
p = 0.007
0 | 1 L | | T | 1

0 12 24 36 48 60 72 84 96
Survival time (months)

survival outcomes in both classic DM (a) and clinically amyopathic
dermatomyositis (CADM) (b) as compared to the delayed treatment
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Fig. 3 HRCT scores before
and after cyclosporine A treat-
ment. In patients with serial
HRCT assessment (12 in the
early CsA group and 18 in

the delayed CsA group), the
baseline (i.e., at ILD diagnosis)
HRCT scores of the two groups
did not differ (8.8 &+ 2.6 vs.

9.4 + 3.7, p = 0.620). In the
early treatment group, HRCT
remained stable after CsA
treatment (p = 0.738). In the
delayed treatment group, no fur-
ther progression was observed
(10.8 £4.5vs. 11.8 £ 6.0,

p = 0.273) after CsA. However,
HRCT significantly deteriorated

p=0.738
25 -

20 +
15

10 4

HRCT score

p = 0.029

p =0.070 p =0.273

[ 1 ]

2519

204

HRCT score

compared to baseline (9.4 &+ 3.7 0
vs. 11.8 + 6.0, p = 0.029).

Dead patients were indicated as

asterisk (*)

1
Before CsA
(= Baseline)

Early CsA
(n=12)

Adverse events during CsA treatment

During CsA treatment, adverse events were observed in
10 (62.5 %) of the early treatment group and 11 (35.5 %)
of the delayed treatment group (p = 0.116). Most of the
adverse events including infection (n = 5), nephrotoxic-
ity (n = 5), and leukopenia (n = 2) were mild and revers-
ible. No life-threatening event was observed. CsA was dis-
continued in 5 patients due to skin eruption (n = 1), hand
tremor (n = 1), chest pain (n = 1), upper abdominal pain
(n = 1), and possible tuberculosis infection (n = 1).

Discussion

The present study showed that patients with DM-ILD who
received CsA early after the diagnosis had better survival
outcomes as compared to those patients whose CsA treat-
ment was delayed or started as a rescue after the failure of
other ISDs. In addition, the early CsA treatment slowed
down the ILD progression on HRCT.

T cells are abundant in the lung tissue of patients with
DM-ILD and play an important role in its pathogenesis
[21-23]. CsA, which preferentially inhibits T cell activa-
tion, has been suggested as a rescue medication for corti-
costeroid-resistant DM-ILD. Previous studies have con-
firmed that concomitant CsA treatment improved survival
in DM-ILD patients [10, 13, 16, 24, 26]. However, to date,
the optimal time of CsA administration for DM-ILD has
not been fully elucidated.

The present study clearly demonstrates that early
administration of CsA is associated with a better survival

After CsA

1 L T
Baseline Before CsA After CsA

Delayed CsA
(n=18)

of patients with DM-ILD and CsA might slow down or
even reverse, at least in some cases, ILD progression.
Conversely, a delay in CsA treatment was associated with
a higher mortality and ILD progression. This finding is
consistent with the prior report that in patients with acute/
subacute DM-ILD, the early combination of corticoster-
oids with CsA and intravenous pulse cyclophosphamide
improved the survival outcome, whereas all patients who
were treated with corticosteroid alone died [24].

A previous study showed that rapidly progressive
DM-ILD, which develops into respiratory failure within
3 months, was associated with a higher mortality rate
despite extensive immunosuppressive treatment after the
initial treatment failure [8]. However, a significant subset of
DM-ILD patients with slowly progressive ILD responded
to corticosteroid monotherapy and might not require other
additional ISDs. Until this subset of corticosteroid-respon-
sive DM-ILD is better characterized, the early combination
therapy with corticosteroids and CsA should be the treat-
ment of choice, considering the high mortality of rapidly
progressive DM-ILD.

CADM-associated ILD has been reported to be a poor
prognostic factor, especially among Asian patients [7, 8,
10]. In the present study, 19 (40.4 %) patients with CADM-
associated ILD (10 patients in the early treatment group
and 9 patients in the delayed treatment group) received
CsA. Survival benefit of early introduction of CsA was
observed in this subgroup of poor prognosis (Fig. 2).

Kotani et al. [25] demonstrated that the combination
therapy with CsA and corticosteroids at DM-ILD diagno-
sis improved the HRCT scores over the 1-year follow-up
period. Similarly, CsA slowed down or stabilized disease
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progression on HRCT in our study (Fig. 3). A higher mor-
tality in the delayed treatment group could be associated
with ongoing ILD progression before CsA administration.
This suggests that when ILD progression passes the “point
of no return”, CsA might not be able to positively alter the
clinical outcome. Therefore, it is important that DM-ILD
should be treated aggressively early in the disease course.

As a retrospective design, this study has also several lim-
itations. First, the number of enrolled patients in the cur-
rent study was rather small despite being one of the largest
studies in this field [10, 13, 24, 26]. Second, HRCT scans
were not performed at predefined time points, and the data
were not available for all of the patients. Treatment effect
of CsA might be overestimated in the delayed treatment
group since the follow-up HRCT scans could not be often
available in dead patients, who were more prevalent in the
delayed treatment group. For a similar reason, follow-up
PFT could not be performed in most of the patients with
severe dyspnea. Third, myositis-specific antibodies (MSAs)
except anti-Jol, which are associated with the outcome of
DM, were not fully evaluated [27-29].

In conclusion, our findings suggest that the early treat-
ment with CsA improves the survival and stabilizes disease
progression in patients with DM-ILD. To confirm the thera-
peutic benefit of this strategy, a large-scale randomized
controlled study is warranted.
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