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Abstract

Objective. Interstitial pneumonia is common and has high short-term mortality in patients with PM and DM despite
glucocorticoid (GC) treatment. Retrospective studies suggested that the early use of immunosuppressive drugs with GCs
might improve its short-term mortality.

Methods. A multicentre, single-arm, 52-week-long clinical trial was performed to test whether the initial combination
treatment with tacrolimus (0.075 mg/kg/day, adjusted for the target whole-blood trough levels between 5 and 10 ng/ml)
and GCs (0.6-1.0 mg/kg/day of prednisolone followed by a slow taper) improves short-term mortality of PM/DM-inter-
stitial pneumonia patients. The primary outcome was overall survival. We originally intended to compare, by using
propensity-score matching, the outcome data of clinical trial patients with that of historical control patients who were
initially treated with GCs alone.

Results. The 52-week survival rate with the combination treatment (N =26) was 88.0% (95% Cl, 67.3, 96.0). Safety
profiles of the combination treatment were consistent with those known for tacrolimus and high-dose GCs individually.
Serious adverse events occurred in 11 patients (44.0%), which included four opportunistic infections. Only 16 patients,
including only 1 deceased patient, were registered as historical controls, which precluded meaningful comparative
analysis against the clinical trial patients.

Conclusion. Our study provided findings which suggest that initial treatment with tacrolimus and GCs may improve
short-term mortality of PM/DM-interstitial pneumonia patients with manageable safety profiles. This was the first pro-
spective clinical investigation conducted according to the Good Clinical Practice Guideline of the International
Conference on Harmonization for the treatment of this potentially life-threatening disease.

Trial registration. ClinicalTrials.gov, http://clinicaltrials.gov, NCT00504348.
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IMPPACT study

Rheumatology key messages

e This is the first study conducted according to the International Conference on Harmonization Good Clinical
Practice Guideline that prospectively investigated treatments for PM/DM-interstitial pneumonia.
o The study indicated that the initial treatment with tacrolimus and glucocorticoids improves short-term mortality of

PM/DM-interstitial pneumonia patients.

o Safety profiles of the combination treatment were consistent with those known for tacrolimus and high-dose

glucocorticoids individually.

Introduction

Interstitial pneumonia is a common complication of, and
has a significant impact on the prognosis of patients with,
PM and DM. lts reported prevalence in PM/DM patients
varies between 23 and 65% [1-7] depending on criteria
applied, as well as on clinical settings of studied cohorts,
and an earlier overview [8] and a later study [6] reported its
high short-term mortality.

Treatment for this grave complication had not yet been
established or even been prospectively investigated.
Glucocorticoids (GCs), while long being considered as
the first-line drugs, are effective in <50% of patients [2,
9, 10] and the mortality of these GCs-resistant patients
does not improve even if immunosuppressive drugs are
later added [10].

Recently, we [11] and others [12, 13] reported that either
an early addition of immunosuppressive drugs to GCs or
the initial combined use of immunosuppressive drugs with
GCs might improve the survival of PM/DM-interstitial
pneumonia patients, and desperate treating physicians
had started using these approaches. Among the immuno-
suppressive drugs used, tacrolimus had been suggested
to be effective even for those patients who are resistant to
ciclosporin or CYC [14-17]. While these results urged pro-
spective studies to investigate the superiority of this ap-
proach over GCs alone, it was considered ethically
inappropriate to conduct a prospective study with a con-
current control group that receives GCs alone given the
presence of the PM/DM-interstitial pneumonia subtype
with rapidly progressive course and high short-term mor-
tality if treated with GCs alone, which could not be distin-
guished from other subtypes early in the course due to the
absence of useful demographic markers or bio-markers.

To investigate whether the initial combination treatment
with tacrolimus and GCs improves the short-term
mortality of PM/DM-interstitial pneumonia patients, we
conducted the IMPPACT (Investigation in Myositis-asso-
ciated Pneumonitis of Prednisolone and Concomitant
Tacrolimus) study, a multicentre, single-arm clinical trial
of this combination treatment in patients with newly de-
veloped active PM/DM-interstitial pneumonia or with its
relapse, and compared its data with the clinical outcomes
of historical control patients who were treated with GCs
alone as an initial treatment.

Methods

Prospective investigation group patients

We enrolled patients with PM and DM (‘definite’ or ‘prob-
able’ by criteria of Bohan et al. [18, 19] or clinically

https://academic.oup.com/rheumatology

amyopathic DM (CADM) by criteria proposed by
Sontheimer et al. [20]) if they had evidence of active inter-
stitial pneumonia. The active interstitial pneumonia was
defined as (i) high-resolution CT findings consistent with
interstitial pneumonia, (i) serum levels of Krebs von den
Lungen 6 (KL-6), a mucinous high molecular weight glyco-
protein that is produced by type Il pneumocytes and has
been reported to increase in patients with active interstitial
pneumonia [21, 22], above the upper normal limit
(500 U/ml) and (iii) at least one of the following four find-
ings within 2 weeks prior to the initiation of the study drug:
presence of dyspnoea on exertion, PaO, of <80 mmHg
while breathing ambient air at rest not accompanied by
abnormal increase of PaCO,, vital capacity <80% pre-
dicted or diffusing capacity for carbon monoxide <65%
predicted. Patients were excluded if they received GCs at
doses equivalent to or higher than prednisolone 0.6 mg/
kg/day for 8days or longer within 4 weeks (28 days) or
immunosuppressive agents within 12 weeks (84 days)
prior to the study. Detailed inclusion and exclusion criteria
are given in the supplementary material, section Inclusion
and Exclusion Criteria and Screening Process, available at
Rheumatology online.

Historical control group patients

At the institutions that participated in this clinical trial (sup-
plementary material, section Participated Institutions,
available at Rheumatology online), consecutive patients
were systematically searched and were enrolled as histor-
ical control patients if they were treated with high-dose
GCs alone as an initial treatment for PM/DM-interstitial
pneumonia between 1 January 2000 and the date of the
institutional approval of this clinical trial, and satisfied all
the inclusion and exclusion criteria described in the sup-
plementary material, section Inclusion and Exclusion
Criteria for Historical Control Group Patients, available at
Rheumatology online.

Treatments

Tacrolimus was initiated at 0.075 mg/kg/day divided into
two doses, subsequently adjusted to maintain its whole-
blood trough levels between 5 and 10ng/ml and to keep
total daily doses <0.3mg/kg, and was continued for
52 weeks. Tacrolimus was discontinued temporarily or
permanently if there was evidence of drug-related toxic
effects, at the discretion of treating physicians. All patients
received GCs with starting doses equivalent to between
0.6 and 1.0 mg/kg/day of prednisolone, which were con-
tinued for the first 28 days unless they were deemed clin-
ically inappropriate by treating physicians. Up to two
courses of i.v. pulse GC treatment were allowed during
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this period. GCs were subsequently tapered according to
a predefined guideline for GC tapering and then were kept
at the lowest possible dose, although a dose increase up
to 1.0mg/kg/day of prednisolone or its equivalent was
allowed if deemed clinically necessary (supplementary
material, section Glucocorticoid Use During Study, avail-
able at Rheumatology online). Pneumocystis jirovecii
pneumonia (PCP) prophylaxis was recommended accord-
ing to the guideline (supplementary material, section PCP
Prophylaxis Recommendation, available at Rheumatology
online).

Concomitant use of the following was not permitted:
other immunosuppressive drugs, GCs at doses equivalent
to >1mg/kg/day of prednisolone, potassium-sparing di-
uretics, live vaccines, bosentan hydrate, IVIG or plasma
exchange. If administration of these treatments was
deemed necessary by treating physicians for any reason,
the patient was withdrawn from the study. If the reason
was a progression of interstitial pneumonia, treating phys-
icians were strongly encouraged to refer to the following
criteria as a guideline for using the disallowed treatments;
() =10% decline from baseline forced vital capacity or
>15mmHg increase in baseline resting alveolar-arterial
oxygen gradient and (i) a worsening of interstitial pneu-
monia findings by chest CT compared with the most
recent study, confirmed by a radiologist. Drugs known
to interact with the same CYP450 enzyme (3A4) were
used with caution and recorded.

Baseline and serial monitoring

Study visits were at baseline, 3days, and 1, 2 and 4 weeks
after the start of the study, and at 4-week intervals there-
after until the end of the 52nd week or the time of study
withdrawal. The details of safety and efficacy evaluation at
these visits are described in the supplementary material,
section Details of Safety and Efficacy Evaluation at Each
Visit, available at Rheumatology online. Treating phys-
icians of those patients who were withdrawn from the
study were contacted at the end of the 52nd week to ac-
quire the information on their vital status.

Primary and secondary outcomes

Primary outcome was overall survival, and key secondary
outcome was progression-free survival. Patients were
considered to have reached progression if they died, or
if they met all of the following criteria: () >10% decline
from baseline forced vital capacity or >15mmHg in-
crease in baseline resting alveolar-arterial oxygen gradi-
ent, (i) a worsening of interstitial pneumonia findings by
chest CT compared with the most recent study, confirmed
by a radiologist and (jii) exclusion of PCP, CMV pneumo-
nia and other pulmonary infection on clinical ground. If
non-protocol immunosuppressive treatments were used
to treat a deterioration of interstitial pneumonia before
performing spirometry or an arterial blood gas analysis,
the cases were reviewed by an independent committee
(the Endpoint Committee, described in the supplementary
material, section Endpoint Committee, available at
Rheumatology online) to decide whether the degree of
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deterioration was at least equivalent to or worse than
those defined in the first criterion.

Safety was evaluated by adverse event reports. All ad-
verse events were categorized according to the Medical
Dictionary for Regulatory Affairs. During protocol develop-
ment, the study team and the Pharmaceuticals and
Medical Devices Agency in Japan decided to report all
the worsening of respiratory symptoms or respiratory find-
ings as adverse events regardless of causes, given the
recent reports of the new development or worsening of
interstitial pneumonia in RA patients in whom causal rela-
tionships with tacrolimus were suspected [23, 24].

Statistical analysis

Given the rarity of the disease, a sample size for the pro-
spective investigation group of 20 was determined, not
based on statistical calculation, but on the predicted en-
rolment rate. Statistical analyses both for the primary and
secondary outcomes were performed on the full analysis
set, comprising all registered patients who had received
any amount of the study drug and had at least one post-
baseline measurement.

For overall and progression-free survival, Kaplan-Meier
estimates of the survivor function at different time points
were presented together with the 95% Cls calculated
using Greenwood'’s formula. For progression-free survival,
those patients who were withdrawn for reasons other than
the deterioration of interstitial pneumonia were censored
at the time of withdrawal unless they died by the end of
the 52nd week, in which case they were not censored
but were counted as having the event. We planned to
use propensity-score matching to compare the
Kaplan-Meier survival curves of the two groups.
However, because the historical control group ended up
being very small in size (N =16), it was concluded that the
study data would allow neither reasonable matching nor
meaningful statistical comparison of survivals, and there-
fore that we would not compare but show the results of
both groups independently. Other pre-specified efficacy
parameters and statistical approaches are described in
the supplementary material, section Other Pre-specified
Efficacy Parameters and Statistical Approaches, available
at Rheumatology online. High-resolution CT scan images
were used for histopathology prediction and for semi-
quantitative analysis of the extent of ground-glass opacity
and air-space consolidation (supplementary material, sec-
tion Analysis of HRCT Images, available at Rheumatology
online). The statistical analyses were performed with SAS
software (version 9.1, SAS Institute Inc., Cary, NC, USA),
where appropriate.

This clinical trial was carried out in accordance with the
Declaration of Helsinki as well as the ethical guidelines for
clinical research and the ethical guidelines for epidemio-
logical research by the Ministry of Health, Labour and
Welfare in Japan, and according to a protocol prepared
in accordance with the Japanese Good Clinical Practice
(GCP) standards, which conform with the International
Conference on Harmonization (ICH) guidelines for GCP.
The protocol was approved at all participating institutions

https://academic.oup.com/rheumatology
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IMPPACT study

by their governing institutional review boards or equiva-
lent, and all patients provided voluntary written informed
consent.

Results

Enrolment and baseline characteristics

Twenty-six patients were registered to the prospective in-
vestigation group between July 2007 and December
2009, and 25 eligible patients underwent the protocol
treatment, among whom 8 patients (32%) withdrew (sup-
plementary Fig. S1, available at Rheumatology online).
Only 16 patients were enrolled to the historical control
group. Baseline characteristics of the patients in both
groups were listed in Table 1. As it was concluded that
the study data would not allow meaningful between-group
comparison for outcomes, no statistical analysis was per-
formed to compare baseline and outcome values between
the groups. In the prospective investigation group, 18 pa-
tients (72%) had either DM or CADM, all 25 eligible pa-
tients enrolled in the study for the initial treatment for
interstitial pneumonia, and 23 patients (92%) had non-
specific interstitial pneumonia by radiographic prediction
based on CT images. None had lung biopsy.

Overall survival

The 52-week survival rate in the prospective investiga-
tion group was 88.0% (95% CI, 67.3, 96.0) (Fig. 1A).
Three patients died during the 52-week treatment
period; two (one DM and one CADM) due to the exacer-
bation of interstitial pneumonia and one (CADM) due to
liver cirrhosis. An additional patient (DM) died 92 days
after the end of the 52-week study treatment due to the
exacerbation of interstitial pneumonia that developed
during the study period (on the 172nd day of the
study). For the historical control group, informed consent
could be obtained from only one family out of four
deceased patients identified.

Progression-free survival

A 52-week progression-free survival rate in the prospect-
ive investigation group was 76.4% (95% ClI, 51.8, 89.5)
(Fig. 1B) (supplementary material, section Sensitivity
Analysis for Progression-free Survival, available at
Rheumatology online). Three patients who died from the
exacerbation of interstitial pneumonia had fulfilled the cri-
teria for progression earlier in their courses and two add-
itional patients (both DM) reached progression but
survived. One of the latter two patients reached progres-
sion on the fourth day of the study and survived after
replacing tacrolimus with ciclosporin, while the other
reached on the 364th day of study and survived continu-
ously using tacrolimus and increasing the dose of GC.
Four patients in the historical control group reached pro-
gression [52-week progression-free survival rate of 66.2%
(95% Cl, 32.4, 86.0)).

https://academic.oup.com/rheumatology

Association between baseline characteristics and
clinical outcomes

All patients who died and/or reached progression in the
prospective investigation group had either DM or CADM
and were negative for anti-Jo-1 antibody (supplementary
Table S1, available at Rheumatology online). One patient
with radiographically predicted histology of usual intersti-
tial pneumonia reached progression and died, and four
and two patients with non-specific interstitial pneumonia
reached progression and died, respectively (supplemen-
tary Table S1, available at Rheumatology online).

Other secondary outcomes

In the prospective investigation group, statistically signifi-
cant improvement was observed between baseline values
and the values at the end of the 52nd week, or at the last
observation for those patients who withdrew before the
end of the 52nd week, in spirometry, arterial blood gas
analyses, chest CT findings, serum creatine kinase and
surfactant protein D, the Japanese version of the HAQ
Disability Index, SF-36v2 Health Survey, and daily GC
doses (Fig. 2, Table 2). The mean score according to the
transitional dyspnoea index showed clinically meaningful
improvement in dyspnoea (by >1 unit) (Table 2) [25, 26].

Tacrolimus trough level

Whole-blood tacrolimus trough levels were maintained
within the targeted range of 5 and 10 ng/ml throughout
the study period (average 6.6 + 2.2 ng/ml), with an average
daily dose of 3.81+1.75mg/day (0.072 +0.032mg/kg/
day) (supplementary Fig. S3, available at Rheumatology
online).

Adverse events

Adverse events (AEs) were reported in all 25 patients in
the prospective investigation group (supplementary Table
S2, available at Rheumatology online). Among 475 AEs
reported, 357 events (75.2%) were considered either pos-
sibly, probably or definitely related to tacrolimus or GCs
by treating physicians. As mentioned above, all the wor-
sening of respiratory symptoms or findings were reported
as AEs regardless of causes, and ‘interstitial lung disease’
was the second most commonly observed adverse events
(nine patients, 36.0%). Six of the nine ‘interstitial lung dis-
ease’ events were reported as serious AEs (SAEs). Five of
them reached progression, three of which resulted in
death. In two of these nine events, a causal relationship
with tacrolimus was reported as ‘probable’ or higher. One
of them developed on the fourth day of the study and
recovered after tacrolimus was switched to ciclosporin,
while the other developed on the 28th day of the study
simultaneously with CMV pneumonitis and, despite the
replacement of tacrolimus with ciclosporin, resulted in
death on the 41st day of the study.

Sixteen SAEs (Table 3) were reported in 11 patients
(44.0%), among which 14 events (9 patients) were con-
sidered possibly, probably or definitely related to tacroli-
mus by treating physicians, and included six interstitial
lung diseases, four infections (zoster, nocardiosis, CMV

1087


Deleted Text: RESULTS
Deleted Text: through 
https://academic.oup.com/rheumatology/article-lookup/doi/10.1093/rheumatology/kez394#supplementary-data
https://academic.oup.com/rheumatology/article-lookup/doi/10.1093/rheumatology/kez394#supplementary-data
Deleted Text: as well as
Deleted Text: IP
Deleted Text: nonspecific 
Deleted Text: (NSIP) 
Deleted Text: A 
Deleted Text: --
Deleted Text: <bold>Figure</bold> 
Deleted Text: IP
Deleted Text: IP
Deleted Text: which 
Deleted Text: --
Deleted Text: <bold>Figure</bold> 
https://academic.oup.com/rheumatology/article-lookup/doi/10.1093/rheumatology/kez394#supplementary-data
Deleted Text: IP
Deleted Text: the 
Deleted Text: the 
Deleted Text: the 
Deleted Text: 4th 
Deleted Text: the 
Deleted Text: (a 
Deleted Text: [
Deleted Text: --
Deleted Text: ]
Deleted Text: the 
https://academic.oup.com/rheumatology/article-lookup/doi/10.1093/rheumatology/kez394#supplementary-data
https://academic.oup.com/rheumatology/article-lookup/doi/10.1093/rheumatology/kez394#supplementary-data
Deleted Text: (UIP) 
Deleted Text:  
Deleted Text: the 
Deleted Text: 4 
Deleted Text: 2 
Deleted Text: NSIP
Deleted Text: NSIP 
Deleted Text: the 
https://academic.oup.com/rheumatology/article-lookup/doi/10.1093/rheumatology/kez394#supplementary-data
https://academic.oup.com/rheumatology/article-lookup/doi/10.1093/rheumatology/kez394#supplementary-data
Deleted Text: ,
Deleted Text: ABG
Deleted Text: Health Assessment Questionnaire
Deleted Text:  (HAQ-DI)
Deleted Text: <sup>TM</sup>
Deleted Text: dyspnea 
Deleted Text: dyspnea 
Deleted Text: the 
https://academic.oup.com/rheumatology/article-lookup/doi/10.1093/rheumatology/kez394#supplementary-data
https://academic.oup.com/rheumatology/article-lookup/doi/10.1093/rheumatology/kez394#supplementary-data
https://academic.oup.com/rheumatology/article-lookup/doi/10.1093/rheumatology/kez394#supplementary-data
Deleted Text: ,
Deleted Text: ``
Deleted Text: '' 
Deleted Text: 9 
Deleted Text: 9 
Deleted Text: ``
Deleted Text: '' 
Deleted Text: the progression
Deleted Text: 2 
Deleted Text: 9 
Deleted Text: ``
Deleted Text: '' 
Deleted Text: ,
Deleted Text: 6 
Deleted Text: 4 

Kazuki Takada et al.

TasLE 1 Baseline characteristics of ‘prospective investigation group’ patients and ‘historical control group’ patients

Characteristic

Prospective investigation

Historical control

group (N =25) group (N=16)

Age (years), mean (s.D.) 55.4 (12.0) 51.2 (12.0)
Female sex, n (%) 19 (76.0) 14 (87.5)
Duration of IIM (months), mean (s.n.) 1.47 (4.03) 0.49 (0.89)
Idiopathic inflammatory myopathies, n (%)

PM 7 (28.0) 7 (43.8)

DM 12 (48.0) 8 (50.0)

Clinically amyopathic DM 6 (24.0) 1(6.3)
Anti-Jo-1 antibody, n (%) 6 (24.0) 13 (81.3)
CK (IU/l), mean (s.p.) 948.2 (1259.0) 2407.0 (3060.9) (N = 15)?
KL-6 (U/l), mean (s.p.) 1118.8 (740.3) 1119.2 (764.0) (N = 14)?
SP-D (ug/ml), mean (s.n.) 182.8 (132.7) 118.0 (56.0) (N = 9)?
Duration of interstitial pneumonitis (months), mean (s.n.) 2.51 (7.33) 1.24 (1.26)
FVC (% of predicted), mean (s.p.) 69.1 (14.0) 70.7 (19.1) (N = 13)?
D co (% of predicted), mean (s.p.) 43.7 (8.7) 50.1 (12.1) (N = 10)?
PaO, at rest (room air) (mmHg), mean (s.p.) 79.5 (14.2) 82.4 (8.9) (N = 13)?
AaDO, at rest (mmHg), mean (s.p.) 29.5 (33.0) 20.9 (18.7) (N = 13)?
Score on Mahler Baseline Dyspnoea Index, mean (s.p.) 6.3 (2.5) NA
Score for HAQ disability index, mean (s.p.) 0.95 (0.74) NA
SF-36v2 Health Survey score, mean (s.p.)

Physical functioning score 48.8 (22.9) NA

Role-physical score 42.0 (27.8) NA

Bodily pain score 48.5 (29.2) NA

General health perception score 50.1 (14.3) NA

Vitality score 35.8 (23.3) NA

Social functioning score 46.0 (28.1) NA

Role-emotional score 50.0 (30.4) NA

Mental health score 49.6 (23.4) NA
Whole-lung high attenuation score® 52.2 (26.2) 38.9 (23.0) (N =14)?
Radiographically speculated histological type, n (%)°

uiP 14.0) 0 (0.0

NSIP 23 (92.0) 15 (93.8)

OoP 1 4.0 0 (0.0

DAD 0 (0.0) 0 (0.0

Scores for the Mahler Baseline Dyspnoea Index can range from 0 to 12, with lower scores indicating worse dyspnoea. Scores
for the HAQ disability index can range from 0 to 3, with higher numbers indicating greater disability. Scores for SF-36v2 Health
Survey can range from 0 to 100, with lower scores indicating worse health status. *Some baseline clinical data for historical
control group patients were not available. PDetailed description of the analytic method for high-resolution CT images are
provided in the supplementary material, section Analysis of HRCT Images, available at Rheumatology online. “Some patients
had more than one histopathological subtype speculated by independent radiologists. For example, one patient had OP and
NSIP speculated. This table shows only the most dominant subtype in each patient. IIM: idiopathic inflammatory myopathies;
CK: creatine kinase; KL-6: Krebs von den Lungen 6; SP-D: surfactant protein D; FVC: forced vital capacity; D, co: diffusing
capacity for carbon monoxide; AaDO,: alveolar-arterial oxygen gradient; UIP: usual interstitial pneumonia; NSIP: non-specific
interstitial pneumonia; OP: organizing pneumonia; DAD: diffuse alveolar damage; NA: not available.

pneumonitis and PCP), cataract and pneumomediasti-
num. Four of the 16 SAEs developed in one patient (liver
cirrhosis, ascites, thrombocytopenia and acute respira-
tory failure). The patient developed clinical findings con-
sistent with the decompensation of liver cirrhosis during
the study and the findings of non-invasive liver investiga-
tion was compatible with liver cirrhosis, which was not

Discussion

Although the data on patients treated with GCs alone,
collected retrospectively under this study, were few and
did not serve as a meaningful control for comparative ana-
lysis, our prospective study indicated that the initial treat-
ment with tacrolimus and GCs improves the short-term

known or obvious at the time of enrolment. Eight (five pa-
tients) of the 16 SAEs required discontinuation of tacroli-
mus (three events of interstitial lung disease, nocardiosis,
CMV pneumonitis, PCP, ascites and thrombocytopenia).
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mortality of PM/DM-interstitial pneumonia patients, with
a manageable safety profile. To our knowledge, this is
the first prospective study of treatment for PM/DM-inter-
stitial pneumonia.

https://academic.oup.com/rheumatology
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Fic. 1 Overall and progression-free survival in prospect-
ive investigation group patients
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(A) Overall® and (B) progression-free survival®. 2One pa-
tient died 92 days after the end of 52-week tacrolimus
treatment due to the exacerbation of interstitial pneu-
monitis that developed during the study period (on the
172nd day of the study), although it is not reflected in this
figure. °Kaplan-Meier estimates of time to death or ‘pro-
gression’ up to the end of the 52nd week in 25 prospective
investigation group patients.

Compared with previously published data [2, 10-13],
the initial treatment with tacrolimus and GCs appears to
achieve survival that is better than GCs alone or the late
addition of immunosuppressive drugs to GCs, although
the difference in disease severity of studied cohorts and
various biases such as indication bias and non-contem-
poraneous treatment bias preclude strict comparisons.
Nawata et al. [2] retrospectively analysed the survival of
PM/DM-interstitial pneumonia patients who were treated
with GCs alone between 1975 and 1995 and reported
that the 1-year survival was poor, especially among DM-
interstitial pneumonia patients (50%). Fujisawa et al. [10]
reported similarly poor survival of PM/DM-interstitial
pneumonia patients even with the late addition of im-
munosuppressive drugs. Their patients, who were treated
between 1985 and 2001, initially received GCs alone and
immunosuppressive drugs were later added if GCs alone
did not result in a favourable response. The 5-year survival
rates of DMe-interstitial pneumonia and PMe-interstitial
pneumonia patients were 55.6% and 87.1%, respectively
[10]. In contrast, 1-year survival rates of DM-interstitial

https://academic.oup.com/rheumatology

Fic. 2 Changes in FVC (% of predicted) in prospective
investigation group patients
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Points and bars represent the mean and s.p., respectively.
P < 0.001, paired t-test, compared against baseline.
FVC: forced vital capacity; LOCF: the end-of-the-study
data for all patients using the last-observation-carried-
forward method.

pneumonia (including CADM-interstitial pneumonia) and
PM-interstitial pneumonia patients in the present study
were 83.3% and 100.0%, respectively (supplementary
Table S1, available at Rheumatology online).

The limited enrolment in the historical control group and
the presence of various biases precluded meaningful stat-
istical comparison of survival rates between the two
groups in our study. Whereas the historical control
group needed to enrol at least twice the number of pa-
tients of the prospective investigation group for reason-
able propensity-score matching in comparing the survival
rates of the two groups meaningfully, the final size of the
former was only 16 despite systematic search efforts at
each participating institution. This is due in large part to
the rarity of PM/DM-interstitial pneumonia patients whose
initial treatment consisted of GCs only. The nation-wide
survey we conducted along with the present study (sup-
plementary material, section Description of Nation-wide
Survey on Treatments for PM/DM-interstitial pneumonia,
available at Rheumatology online) supports this by indicat-
ing that many physicians had already been using immuno-
suppressive drugs as part of initial treatment in their
practice before such approach was prospectively investi-
gated. In addition, the number of deceased patients en-
rolled to the historical control group was limited (only one
consent obtained from four families approached), gener-
ating a critical selection bias for overall survival.
Furthermore, the universally better trend in baseline spir-
ometry and arterial blood gas parameters in the historical
control group patients strongly suggests indication bias.

The present study possibly suggests the limit of the
initial treatment with tacrolimus and GCs in some patients
with DM/CADM-interstitial pneumonia. Two DM patients
continued to progress acutely. One of them later de-
veloped CMV pneumonitis and died, while the other sur-
vived after switching to ciclosporin. In addition, one
CADM patient, after having stabilized and prednisolone
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TaBLe 2 Change in values from baseline to the end of the 52nd week in the prospective investigation group

Characteristic

FVC (% of predicted), mean (s.p.)

D\ co (% of predicted), mean (s.p.)

PaO, at rest (room air) (mmHg), mean (s.p.)

AaDO, at rest (mmHg), mean (s.p.)

Score on Mahler Dyspnoea Index
Baseline Dyspnoea Index, mean (s.p.)
Transition Dyspnoea Index, mean (s.p.)

CK (IU/l), mean (s.p.)

KL-6 (U/l), mean (s.p.)

SP-D (ug/ml), mean (s.p.)

Score for HAQ disability index, mean (s.p.)

Whole-lung high attenuation score, mean (s.p.)

SF-36v2 Health Survey score, mean (s.p.)
Physical functioning score
Role—physical score
Bodily pain score
General health perception score
Vitality score
Social functioning score
Role—emotional score
Mental health score

Glucocorticoid dose (mg/kg/day of prednisolone), mean (s.p.)°

Baseline value Value at week 522 P-value
69.1 (14.0) 81.2 (16.4) 0.0023
43.7 (8.7) 49.5 (10.2) 0.1428
79.5 (14.2) 90.7 (20.7) 0.0118
29.5 (33.0) 27.2 (48.6) 0.8409

6.3 (2.5)
0(.1)
948.2 (1259.0) 115 3 (181.7) 0.0020

1118.8 (740.3) 957.2 (580.6) 0.3744

182.8 (132.7) 124.4 (81.5) 0.0265
0.95 (0.74) 0.69 (0.84) 0.1336
52.2 (26.2) 33.9 (20.4) 0.0005
48.8 (22.9) 59.6 (30.6) 0.0757
42.0 (27.8) 59.1 (31.8) 0.0377
48.5 (29.2) 66.3 (24.2) 0.0214
50.1 (14.3) 51.5 (13.3) 0.7957
35.8 (23.3) 59.1 (22.0) 0.0010
46.0 (28.1) 69.3 (29.0) 0.0054
50.0 (30.4) 67.0 (34.5) 0.0505
49.6 (23.4) 67.5 (21.5) 0.0045
0.81 (0.21) 0.21 (0.16) (N = 17) <0.0001

The analysis included 25 patients in the prospective investigation group. Scores for the Mahler Transition Dyspnoea Index can
range from -9 to +9, with the plus/minus sign indicating improvement/worsening, respectively. °The last-observation-carried-
forward method was employed for patients who withdrew before the end of the 52nd week or with missing values for all
parameters except for glucocorticoid dose, as explained below. PAverage daily glucocorticoid doses during the first 2 weeks
of study (for baseline values) and during the 52nd week (for week 52 values) were presented, which do not include pulse
glucocorticoid treatment. FVC: forced vital capacity; D, co: diffusing capacity for carbon monoxide; AaDO,: alveolar-arterial
oxygen gradient; CK: creatine kinase; KL-6: Krebs von den Lungen 6; SP-D: surfactant protein D.

being tapered to 30 mg/day, developed acute exacerba-
tion on the 115th day of the study and died 35 days later.
Notably, all of these three patients were negative for anti-
Jo-1 antibody. The poor prognosis and treatment-refrac-
tory nature of the acute/subacute subtype of DM/CADM-
interstitial pneumonia has been reported [27, 28], espe-
cially in a Jo-1-negative population [29, 30]. Recently, sev-
eral serum bio-markers were identified that were strongly
associated with this subtype, an anti- melanoma differen-
tiation-associated gene 5 (MDA-5) antibody [31-33] and
ferritin [34]. While these bio-markers were not measured
here because our study started before these discoveries,
their pre-treatment measurement may help identify those
patients whose survival may improve by adding a second
immunosuppressive drug to the combination of tacrolimus
and GCs if severity and clinical course indicates their use.

The present study did not strongly support the causal
role of tacrolimus in the exacerbation of interstitial pneu-
monia. Given the reports of the new development or wor-
sening of interstitial pneumonia in RA patients who were
receiving tacrolimus [23, 24], we carefully explored the
causal relationship between tacrolimus and interstitial
pneumonia exacerbation in the present study by having
all the worsening of respiratory symptoms or findings re-
ported as AEs regardless of cause. Among nine such re-
ported events, a causal relationship with tacrolimus was

1090

reported ‘probable’ or higher in two cases that continued
to progress acutely, although it is also possible that these
two cases did so as a natural, treatment-resistant, disease
course [27, 28]. While we recommend vigilance, we be-
lieve that the potential life-saving benefit of tacrolimus
outweighs the causal concern of the drug in the exacer-
bation of interstitial pneumonia.

The overall AE profiles in the prospective investigation
group were consistent with the previous studies that used
tacrolimus at similar doses and were conducted accord-
ing to GCP Guideline of the ICH [35-37], and AEs were
generally manageable with only 20 events (4.2%) requiring
any changes in tacrolimus doses. While the incidence of
infections and of a few tacrolimus-related AEs (tremor,
elevation of blood pressure and glucose intolerance)
was higher than reported in those studies [35-37], it is
very likely that the concomitant use of high-dose GCs
contributed to this. A recently conducted study in GCA
that used high-dose GCs alone in the control group and
was conducted according to GCP Guideline of the ICH
[38] reported incidence rates of all infections and of infec-
tions reported as SAEs that were similar to those in the
present study.

The present study has several limitations. Firstly, the
conclusion is not based on meaningful statistical compari-
son. As explained earlier, it was considered ethically

https://academic.oup.com/rheumatology
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TasLE 3 Adverse events observed in prospective investigation group patients

Prospective investigation group patients

who experienced the event (N =25)

Serious adverse events?, no. of patients (%)
Total serious adverse events, no. of patients (%)
Specific events

Interstitial lung disease
Zoster

Nocardiosis

CMV pneumonitis
Pneumocystis jiroveci pneumonia
Thrombocytopenia
Cataract

Acute respiratory failure
Pneumomediastinum
Ascites

Liver cirrhosis

Infections and infestations, no. of patients (%)
Any
Reported as serious adverse event

Exacerbation of interstitial pneumonitis®, no. of patients (%)
Any
Reported as serious adverse event
Led to treatment discontinuation
Resulted in death

Deaths®, no. of patients (%)

Adverse events leading to treatment discontinuation, no. of patients (%)

11 (44.0)

o
-

- 4 a4 4O a4 a4 aaaO
EEEEREEEEEER
ERRRER=R=R=R=R=R=TN

2All adverse events that resulted in death; life-threatening illness; persistent or clinically significant disability, incapacity or
both; hospitalization or prolongation of hospitalization; a congenital abnormality or birth defect; or cancer. °During protocol
development, the study team and the Pharmaceuticals and Medical Devices Agency in Japan decided to report all the
worsening of respiratory symptoms or findings as adverse events regardless of cause. °Includes one patient who died
92 days after the end of the study due to the exacerbation of interstitial pneumonitis that developed during the study (on

the 172nd day of the study).

inappropriate to conduct a study with a concurrent control
group with GCs alone. We therefore planned to compare
against historical control patients, but their limited enrol-
ment and the presence of various biases precluded mean-
ingful statistical comparison. Secondly, our results will not
apply to those patients with either asymptomatic or sub-
clinical interstitial pneumonia, since we recruited PM/DM
patients with active interstitial pneumonia that warranted
immediate treatment. Thirdly, it may not be possible to
extrapolate the findings of our study to treatment for the
exacerbation of once-stabilized PM/DM-interstitial pneu-
monia, since our cohort consisted of only those patients
who required initial treatment for PM/DM-interstitial pneu-
monia. Fourthly, our study does not separately provide the
efficacy of the initial combination treatment in the PM/DM-
interstitial pneumonia subgroup defined by anti-MDA-5
antibodies, which has high short-term mortality. Finally,
our results do not indicate comparative efficacy of tacro-
limus over other immunosuppressive drugs as an add-
itional agent to GCs in initial treatment for PM/DM-
interstitial pneumonia.

In summary, our prospective study provided findings
which suggest that initial combination treatment with

https://academic.oup.com/rheumatology

tacrolimus and GCs may improve the short-term mortal-
ity of PM/DM-interstitial pneumonia patients, with man-
ageable safety profiles. This was the first prospective
clinical investigation conducted according to GCP
Guideline of the ICH for the treatment, which had been
widely used by treating physicians based on limited and
retrospective experiences. Based on the results of this
study, tacrolimus became the first immunosuppressive
drug, apart from GSs, to be approved for PM/DM-inter-
stitial pneumonia by the Ministry of Health, Labour and
Welfare in Japan.
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