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ABSTRACT

Anti-melanoma differentiation-associated protein 5 (MDA5) antibody have been
found in dermatomyositis (DM)-associated interstitial lung disease (DM-ILD) and
DM-associated rapidly progressive ILD (DM-RPILD). Due to the conflicting results
regarding the association between anti-MDA5 antibody and DM-ILD or DM-RPILD and
the diagnostic value of this antibody for DM-ILD and DM-RPILD, we performed this
meta-analysis. A systematic search was performed to identify studies published to
January 14, 2017. Sixteen publications with 491 DM with ILD versus 605 DM without
ILD, as well as eighteen publications with 186 DM with RPILD and 790 DM without
RPILD were included. The pooled sensitivity, specificity, and area under the curve
(AUC) values of anti-MDA5 antibody for DM-ILD were 0.47 (95% CI: 0.37-0.57),
0.96 (95% CI, 0.92-0.97), and 0.90 (95% CI: 0.88-0.93), respectively, with a
low sensitivity value. The pooled sensitivity, specificity, and AUC values were 0.83
(95% CI: 0.77-0.88), 0.86 (95% CI: 0.80-0.91), and 0.87 (95% CI: 0.84-0.90) for
DM with RPILD versus without RPILD with good sensitivity and specificity values. Trial
sequential analysis showed sufficient evidence to support that anti-MDA5 antibody was
associated with DM-ILD and DM-RPILD. The statistical power of this study calculated
using G*Power version 3.1.9.2 was more than 99% (a = 0.05). Taken together, these
findings suggest that anti-MDA5 antibody has a potential useful ability as a noninvasive
biomarker in the diagnosis of RPILD in patients with DM.

INTRODUCTION

Classic dermatomyositis (CDM) and clinically
amyopathic dermatomyositis (CADM) are two classifications
of dermatomyositis (DM) and are characterized by the
involvement of skeletal muscles, skin, and other organs,
especially the lungs [1-3]. Interstitial lung disease (ILD) is
an intractable and fatal complication of patients with DM,
which can result in higher morbidity and mortality than
DM patients without ILD deterioration [4—7]. According
to the International Consensus Statement of Idiopathic

Pulmonary Fibrosis of the American Thoracic Society and
the European Respiratory Society [8], rapidly progressive
ILD (RPILD) including acute/subacute interstitial
pneumonia is a progressive deterioration associated with
ILD within 3 months. The survival time was significantly
reduced in myositis patients with RPILD [9]. Therefore,
the early diagnosis and timely treatment of DM-ILD and
DM-RPILD are important.

Serum myositis-specific autoantibodies (MSAs) are
useful markers for the diagnosis of DM and are associated
with distinct clinical phenotypes [10]. One of the MSAs,
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anti-MDAS antibody, has been reported to be associated
with DM-associated ILD (DM-ILD) with an unfavorable
survival rate (90-day survival rate: 66.7%) [11]. Anti-
MDAS antibody, also known as anti-CADM-140 antibody,
recognizes a retinoic acid induced gene I-like receptor
involved in innate immunity, the interferon induced with
helicase C domain protein 1 (IFIH1) [12, 13]. Studies
show that there are correlations of anti-MDAS antibody
with ILD [14, 15] and RPILD [16, 17] in DM patients.

However, there are controversies regarding the
association between the presence of anti-MDAS antibody
and the pulmonary involvement phenotypes of DM
patients, as well as the diagnostic accuracy of this antibody
for DM-ILD and DM-RPILD. For example, Chen et
al. reported that anti-MDAS antibody was associated
with DM-associated-RPILD (DM-RPILD) [18], while
Fiorentino et al. reported that no significant association
was observed between anti-MDAS antibody and RPILD
[19]. Thus, this meta-analysis was performed to analyze
published data on the association of anti-MDAS antibody
with DM-ILD and DM-RPILD, as well as the diagnostic
value of this antibody for these diseases.

RESULTS

Search results and study characteristics

The study selection process is shown in Figure 1.
Initially, a total of 546 relevant studies were identified
from PubMed, Web of Science, Embase, the Cochrane
Library, and Scopus databases. According to the inclusion
criteria, 23 publications were included, consisting of
eleven publications [12, 14, 16-24] investigating the
association between anti-MDAS antibody and DM-ILD, as
well as the association between anti-MDAS antibody and
DM-RPILD. Five publications [15, 25-28] investigated
only the association between anti-MDAS antibody and
DM-ILD, while seven publications [29—-35] investigated
only the association between anti-MDAS antibody and
DM-RPILD. Therefore, 16 publications [12, 14-28]
analyzing the correlation between anti-MDAS antibody
and DM-ILD and 18 publications [12, 14, 16-24, 29-35]
analyzing the correlation between anti-MDAS antibody
and DM-RPILD were included in the final analysis. The
main characteristics of the eligible studies are presented in
Supplementary Tables 1 and 2.

Association between anti-MDAS antibody and
ILD risk of DM patients

When 491 DM with ILD were compared to 605 DM
without ILD, no substantial heterogeneity was observed
in the analysis with 16 publications (7 = 0.0%, P = 0.804,
Figure 2). Thus, a fixed-effects model was used to
calculate the pooled odds ratio (OR). The results revealed
that a significant association was observed between the

frequency of anti-MDAS antibody and ILD of DM patients
(OR =16.47, 95% CI: 10.16-26.70, P < 0.001, Figure 2).

Subgroup analysis of anti-MDAS antibody and
ILD risk of DM patients

The subgroup analyses were performed according
to age (adult, juvenile), ethnicity (Asian, European),
and detection method (immunoprecipitation, enzyme-
linked immunosorbent assay (ELISA)) (Table 1). When
using a fixed-effects model to calculate the overall ORs,
no substantial heterogeneity was observed (7 < 50%,
P >0.10, Supplementary Figures 1-6).

In the subgroup analysis based on age, twelve
publications of 282 adult DM with ILD versus 320 adult
DM without ILD, as well as two publications of 28 juvenile
DM with ILD versus 29 juvenile DM without ILD were
examined. The pooled OR was 10.50 (95% CI: 5.86—18.83,
P < 0.001) for the adult subgroup and 119.29 (95%
CI: 13.15-1081.93, P <0.001) for the juvenile subgroup.

When a subgroup analysis was performed based
on ethnicity, the overall OR from twelve publications of
443 Asian DM with ILD versus 427 Asian DM without
ILD was 21.25 (95% CI: 11.47-39.34, P < 0.001), and
the overall OR from two publications of 8§ European DM
with ILD versus 37 DM without ILD was 9.61 (95%
CI: 1.60-57.62, P = 0.013).

The subgroup analysis conducted according to
detection method involved eleven publications of 377
DM with ILD versus 535 DM without ILD using the
immunoprecipitation method, as well as five publications
of 114 DM with ILD versus 70 DM without ILD using
the ELISA method. Anti-MDAS antibody was associated
with the ILD of DM patients with the immunoprecipitation
method (OR = 15.48, 95% CI: 9.18-26.12, P < 0.001),
as well as with the ELISA method (OR = 22.17, 95%
CI: 6.25-78.65, P <0.001).

Association between anti-MDAS antibody and
RPILD risk in DM patients

In the comparison of 186 DM with RPILD and 790
DM without RPILD from 18 publications, no substantial
heterogeneity was observed (F = 0.0%, P = 0.679,
Figure 3). The pooled OR showed that the presence of
anti-MDAS antibody was significantly higher in DM
with RPILD than DM without RPILD (OR = 25.33,
95% CI: 16.02-40.05, P < 0.001) (Figure 3).

Subgroup analysis of anti-MDAS antibody and
RPILD risk in DM patients

The subgroup analyses were conducted stratified
by age (adult, juvenile), ethnicity (Asian), and detection
method (immunoprecipitation, ELISA) (Table 2).
No substantial heterogeneity was observed when the
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Table 1: The summary of OR in DM with ILD versus DM without ILD

ILD Non-ILD

Publications I (%) P Overall OR 95% CI P
cases cases
Total 16 491 605 0.0 0.804 16.47 10.16-26.70 <0.001
Subgroup
Age
Adult 12 282 320 0.0 0.997 10.50 5.86-18.83 <0.001
Juvenile 2 28 29 0.0 0.594 119.29 13.15-1081.93 <0.001
Ethnicity
Asian 12 443 427 0.0 0.871 21.25 11.47-39.34 <0.001
European 2 8 37 0.0 0.967 9.61 1.60-57.62 0.013
Method
Immunoprecipitation 11 377 535 0.0 0.560 15.48 9.18-26.12 <0.001
ELISA 5 114 70 0.0 0.896 22.17 6.25-78.65 <0.001
OR, odds ratio; DM, dermatomyositis; ILD, interstitial lung disease; ELISA, enzyme-linked immunosorbent assay.
Publications identified through searching PubMed, Web of Science,
Embase, the Cochrane Library, and Scopus (n = 546)
Publications excluded after
duplicates removed (n = 317)
.
Potentially relevant Publications (n = 229)
Publications excluded (n = 194)
Reviews (n=97)
Case reports (n=61)
Meeting abstracts (n = 36)
Relevant publications assessed for eligibility (n = 35)
Publications excluded without
sufficient data (n = 12)
Publications included in this meta-analysis (n = 23)
Publications on the ILD versus Publications on the RPILD versus
non-ILD groups (n = 16) non-RPILD groups (n = 18)
Figure 1: Flow diagram of publications selection procedure.
www.impactjournals.com/oncotarget 76131 Oncotarget



Table 2: The summary of OR in DM with RPILD versus DM without RPILD

n-
Publications RPILD Rl\ll’(:LD P (%) P Overall OR 95% CI P

cases

Total 18 186 790 0.0 0.679 25.33 16.02-40.05 <0.001

Subgroup

Age

Adult 16 175 744 0.0 0.552 24.82 15.55-39.61 <0.001

Juvenile 2 11 46 0.0 0.790 34.84 3.88-312.62 0.002

Ethnicity

Asian 16 170 612 0.0 0.763 26.29 16.00-43.20 <0.001

Method

Immunoprecipitation 11 95 423 0.0 0.741 20.31 11.03-37.39 <0.001

ELISA 7 80 261 33 0.401 31.86 14.82-68.46 <0.001

OR, odds ratio; DM, dermatomyositis; RPILD, rapidly progressive interstitial lung disease; ELISA, enzyme-linked immunosorbent assay.

pooled ORs were calculated using a fixed-effects model
(P <50%, P> 0.10, Supplementary Figures 7—11).

In the subgroup analysis by age, sixteen publications
of 175 adult DM with RPILD versus 744 adult DM
without RPILD, as well as two publications of 11
juvenile DM with RPILD versus 46 juvenile DM without
RPILD were examined. The pooled OR showed that the

frequency of anti-MDAS antibody in DM with RPILD
was significantly higher than in DM without RPILD in
the adult subgroup (OR = 24.82, 95% CI: 15.55-39.61,
P <0.001), as well as in the juvenile subgroup (OR = 34.84,
95% CI: 3.88-312.62, P = 0.002).

When a subgroup analysis was performed based
on ethnicity, the pooled OR from sixteen publications

Study %
D OR (95% Cl) Weight

.
Fujikawa 2009 — 8.23 (0.42, 162.34) 452
Hoshino 2010 —E—o— 40.92 (4.93, 339.48) 3.98
Kang 2010 — 7.67 (1.47, 39.99) 8.85
Nakashima 2010 —o—i— 10.15 (1.13, 90.94) 6.56
Fiorentino 2011 —_— 8.55 (2.04, 35.82) 9.70
Hamaguchi 2011 —_— 27.40 (8.29, 90.55) 16.24
Ikeda 2011 —_— 11.33 (1.22, 105.54) 5.09
Kobayashi 2011 — 55.00 (1.86, 1622.60) 093
Cao 2012 —lo— 18.21 (1.03, 322.42) 4.46
Koga 2012 R G — 10.81 (1.35, 86.80) 875
Chen 2013 —_—— 37.86 (1.98, 723.72) 218
Ceribelli 2014 —o—E— 9.38 (1.17, 74.84) 439
Mateos 2014 - 10.20 (0.31, 336.93) 1.80
Horai 2015 : 25.42 (1.31, 492.70) 277
Kobayashi 2015 : 185.00 (9.34, 3663.40) 0.91
Narang 2015 —_— 6.26 (2.01, 19.43) 18.86
Overall (I-squared = 0.0%, p = 0.804) @ 16.47 (10.16, 26.70) 100.00

\
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Figure 2: Forest plot of the association between anti-MDAS antibody and ILD risk of DM patients with 491 DM

with ILD versus 605 DM without ILD.
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involving 170 Asian DM with ILD and 612 Asian DM
without ILD was 26.29 (95% CI: 16.00—43.20, P < 0.001).

One publication [34] detected the frequency of
anti-MDAS antibody in 17 DM with RPILD and 50 DM
without RPILD using immunoprecipitation and ELISA
assays. According to the detection method, the overall
OR showed that the presence of anti-MDAS antibody
was significantly associated with RPILD risk in DM
patients in immunoprecipitation assays that compared
95 DM with RPILD and 423 DM without RPILD from
eleven publications (OR = 20.31, 95% CI: 11.03-37.39,
P < 0.001), as well as in ELISA assays that compared
80 DM with RPILD and 261 DM without RPILD from
seven publications (OR = 31.86, 95% CI: 14.82—68.46,
P <0.001).

Diagnostic capacity of anti-MDAS antibody for
ILD of DM patients

The pooled sensitivity, specificity and area under
the curve of the summary receiver operating characteristic
(AUC) values of anti-MDAS antibody for DM with ILD
versus without ILD were 0.47 (95% CI: 0.37-0.57), 0.96
(95% CI, 0.92-0.97), and 0.90 (95% CI: 0.88-0.93)

(Figure 4), respectively. The outcomes demonstrated that
anti-MDAS antibody had a low diagnostic accuracy for
ILD in DM patients.

Subgroup analysis of diagnostic capacity of anti-
MDAS antibody for ILD of DM patients

The diagnostic accuracy of anti-MDAS antibody for
DM with ILD versus without ILD was calculated in the
subgroup analyses by age (adult), ethnicity (Asian), and
testing methods (immunoprecipitation, ELISA) (Table 3).

The pooled sensitivity, specificity, and AUC
values, respectively, were 0.42 (95% CI: 0.34-0.52), 0.93
(95% CI, 0.90-0.96), and 0.91 (95% CI: 0.88-0.93) for
the adult subgroup, and were 0.48 (95% CI: 0.36-0.60),
0.97 (95% CI, 0.95-0.99), and 0.97 (95% CI: 0.95-0.98)
for the Asian subgroup.

In addition, a subgroup analysis was performed
according to the testing methods. When anti-MDAS
antibody was detected using the immunoprecipitation
method, the pooled sensitivity, specificity, and AUC were
0.43 (95% CI: 0.33-0.55), 0.95 (95% CI, 0.92-0.97),
and 0.87 (95% CI: 0.84-0.90), respectively. When anti-
MDAS antibody was detected using the ELISA method,

Study %
ID OR (95% Cl) Weight

i
Sato 2005 D — 16.00 (2.19, 117.09) 4.90
Fujikawa 2009 ———%———— 13940 (6.03, 3220.28) 1.00
Sato 2009 —_— 13.28 (3.28, 53.75) 14.96
Sato 2009 —_— 21.26 (5.03, 89.78) 10.36
Gono 2010 —_—— 10.00 (1.44, 69.26) 8.57
Kang 2010 —_— 48.27 (2.26, 1029.82) 1.77
Nakashima 2010 —_— 26.83 (2.75, 262.29) 417
Fiorentino 2011 _*_.“ 5.33 (0.77, 36.90) 8.01
lkeda 2011 B R —— 99.00 (4.22, 2322.45) 0.79
Kobayashi 2011 ‘S 23.80 (0.89, 633.53) 2.14
Tanizawa 2011 —0—5— 8.57 (0.83, 89.04) 7.20
Cao 2012 — 72.00 (7.71, 671.94) 2.41
Chen 2012 —_— 118.13 (19.75, 706.33) 2.45
Koga 2012 L 34.80 (8.13, 149.00) 6.51
Chen 2013 —o—g— 10.00 (1.14, 87.52) 9.56
Horrillo 2014 —_— 44.44 (9.32, 211.89) 3.95
Horai 2015 : 273.00 (10.20, 7308.79) 0.60
Kobayashi 2015 ' 42.90 (2.27, 811.87) 2.93
Xu 2016 —_— 16.67 (3.06, 90.82) 7.71
Overall (I-squared = 0.0%, p = 0.679) <:'> 25.33 (16.02, 40.05) 100.00

i
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Figure 3: Forest plot of the association between anti-MDAS antibody and RPILD risk of DM patients with 186 DM

with RPILD versus 790 DM without RPILD.
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Table 3: Diagnostic capacity of anti-MDAS antibody in ILD of DM patients

Pooled sensitivity 95% CI Pooled specificity 95% CI AUC 95% CI
Total 0.47 0.37-0.57 0.96 0.92-0.97 0.90 0.88-0.93
Subgroup
Age
Adult 0.42 0.34-0.52 0.93 0.90-0.96 0.91 0.88-0.93
Ethnicity
Asian 0.48 0.36-0.60 0.97 0.95-0.99 0.97 0.95-0.98
Method
Immunoprecipitation 0.43 0.33-0.55 0.95 0.92-0.97 0.87 0.84-0.90
ELISA 0.55 0.37-0.72 0.97 0.73-1.00 0.97 0.95-0.98

MDAS5, melanoma differentiation associated gene 5; ILD, interstitial lung disease; DM, dermatomyositis; CI, confidence interval; AUC,
area under the curve of the summary receiver operating characteristic; ELISA, enzyme-linked immunosorbent assay.

the pooled sensitivity, specificity, and AUC were 0.55
(95% CI: 0.37-0.72), 0.97 (95% CI, 0.73—1.00), and 0.97
(95% CI: 0.95-0.98), respectively.

The results in all subgroup analyses suggested that
the presence of anti-MDAS antibody had a low diagnostic
value for ILD in DM patients.

Diagnostic capacity of anti-MDAS antibody for
RPILD of DM patients

The overall sensitivity, specificity and AUC values
for anti-MDAS antibody in DM with RPILD versus

1.0

=
3

Sensitivity

without RPILD were 0.83 (95% CI: 0.77-0.88), 0.86
(95% CI, 0.80-0.91), and 0.87 (95% CI: 0.84-0.90)
(Figure 5), respectively. The results demonstrated that
the detection of anti-MDAS antibody provided good
diagnostic accuracy for RPILD in DM patients.

Subgroup analysis of diagnostic capacity of
anti-MDAS antibody for RPILD of DM patients

The subgroup analyses were performed according
to age (adult), ethnicity (Asian), and detection method
(immunoprecipitation, ELISA) (Table 4).

Observed Data
Summary Operating Point

SENS = 0.47 [0.37 - 0.57]
SPEC = 0.96 [0.92 - 0.97]

SROC Curve
AUC =0.90 [0.88 - 0.93]

95% Confidence Contour

+ 95% Prediction Contour

0.0
1.0

05

0.0

Specificity

Figure 4: The SROC of the accuracy of anti-MDAS antibody in the diagnosis of ILD in DM patients.
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The pooled sensitivity, specificity, and AUC
values of anti-MDAS antibody, respectively, were 0.82
(95% CI: 0.75-0.87), 0.87 (95% CI, 0.81-0.91), and 0.85
(95% CI: 0.81-0.88) in adult DM with RPILD versus
without RPILD, and were 0.85 (95% CI: 0.78-0.89), 0.85
(95% CI, 0.78-0.90), and 0.87 (95% CI: 0.84-0.90) for
diagnosing RPILD in Asian DM patients.

In the stratified analysis by testing methods,
the overall sensitivity, specificity, and AUC values
for anti-MDAS antibody in DM with RPILD versus
without RPILD were 0.81 (95% CI: 0.71-0.88), 0.85
(95% CI, 0.78-0.90), and 0.88 (95% CI: 0.85-0.91) with
immunoprecipitation, and were 0.86 (95% CI: 0.77-0.92),
0.86 (95% CI, 0.74-0.94), and 0.87 (95% CI: 0.84-0.90)
with ELISA.

The results of all subgroups showed that anti-MDAS
antibody had good diagnostic value for RPILD in DM
patients.

Trial sequential analysis and statistical power

Trial sequential analysis (TSA) was conducted with
a type I error of 5% and type II error of 20% (power of
80%). The control event proportions were calculated
from the included studies, and there was a relative risk
reduction (RRR) of 35% for DM with ILD versus without
ILD, while a RRR of 65% was found for DM with RPILD
versus without RPILD. The cumulative Z curve was
calculated with a fixed-effects model.

When TSA for DM with ILD versus without ILD
was performed, six publications [14, 17, 20, 24, 27, 31]
were ignored in interim looks due to too low information

107 © OO

Sensitivity
o
T

0.0

use (< 1%). The TSA result showed that the cumulative
Z-curve crossed both the conventional boundary and the
trial sequential monitoring boundary (Supplementary
Figure 12). There was sufficient evidence to support that a
higher frequency of anti-MDAS antibody was in DM with
ILD compared with DM without ILD, and no further trials
were needed.

The outcome of TSA for DM with RPILD versus
without RPILD revealed that the Z-curve crossed the
trial sequential monitoring boundary and reached the
required information size (Supplementary Figure 13), with
sufficient evidence that anti-MDAS antibody was more
associated with DM with RPILD rather than DM without
RPILD, and no further trials were required.

The results of the statistical power calculation
showed the sample size of the meta-analysis for DM
with ILD versus that without ILD had more than
99% power (a = 0.05) when the positive rates of anti-
MDAS antibody for DM with ILD and DM without
ILD were defined as 40.53% and 4.13%, respectively
(Supplementary Figure 14). For the meta-analysis for
DM with RPILD versus without RPILD, the actual power
was more than 99% (a = 0.05) when the positive rates
of anti-MDAS antibody for DM-RPILD and DM without
RPILD were defined as 82.80% and 14.18%, respectively
(Supplementary Figure 15).

Publication bias

The analysis of publication bias was performed
using Egger’s test in DM with ILD versus without ILD
(P = 0.121, Supplementary Figure 16), as well as in

O Observed Data

Summary Operating Point
@ SENS=0.83[0.77-0.88]
SPEC =0.86[0.80 - 0.91]

SROC Curve
AUC = 0.87 [0.84 - 0.90]

— 95% Confidence Contour

+* 95% Prediction Contour

1.0 0.5 0.0
Specificity

Figure 5: The SROC of the accuracy of anti-MDAS antibody in the diagnosis of RPILD in DM patients.
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Table 4: Diagnostic capacity of anti-MDAS antibody in RPILD of DM patients

Pooled sensitivity 95% CI Pooled specificity 95% CI AUC 95% CI1
Total 0.83 0.77-0.88 0.86 0.80-0.91 0.87 0.84-0.90
Subgroup
Age
Adult 0.82 0.75-0.87 0.87 0.81-0.91 0.85 0.81-0.88
Ethnicity
Asian 0.85 0.78-0.89 0.85 0.78-0.90 0.87 0.84-0.90
Method
Immunoprecipitation 0.81 0.71-0.88 0.85 0.78-0.90 0.88 0.85-0.91
ELISA 0.86 0.77-0.92 0.86 0.74-0.94 0.87 0.84-0.90

MDAS, melanoma differentiation associated gene 5; RPILD, rapidly progressive interstitial lung disease; DM, dermatomyositis; CI,
confidence interval; AUC, area under the curve of the summary receiver operating characteristic; ELISA, enzyme-linked immunosorbent

assay.

DM with RPILD versus without RPILD (P = 0.173,
Supplementary Figure 17). The results revealed no
evidence of publication bias (P > 0.05).

DISCUSSION

A recent study found that anti-MDAS antibody is
associated with DM and not with polymyositis [36]. ILD
is considered a life-threatening complication in patients
with DM, which can develop RPILD and have fatal
consequences [37]. Early diagnosis and aggressive therapy
are required in DM-ILD and DM-RPILD to improve poor
prognosis [5, 7]. Anti-MDAS antibody has been assessed
in the ILD or RPILD of DM patients [14—17]. However,
results regarding an association between the frequency of
anti-MDAS antibody and the pulmonary involvements in
patients with DM have been inconsistent; additionally,
the diagnostic values of anti-MDAS antibody for DM-
ILD and DM-RPILD remain confusing. Consequently, we
performed the current meta-analysis to assess the values of
anti-MDAS antibody for ILD or RPILD in DM patients.

The current meta-analysis comprehensively
analyzed published data from sixteen publications with
491 DM with ILD versus 605 DM without ILD, as well
as eighteen publications with 186 DM with RPILD versus
790 DM without RPILD. The results comprising multiple
studies with a large sample size revealed that the presence
of anti-MDAS antibody was significantly associated with
DM-ILD and DM-RPILD, which was confirmed by TSA.
Additionally, the subgroup analyses by age, ethnicity,
and testing methods were carried out to determine the
differences in various subgroups.

The subgroup analysis based on age showed that anti-
MDAS antibody was more associated with DM-ILD in the
juvenile subgroup than in the adult subgroup (OR: 119.29
vs. 10.50). The results revealed that juvenile patients may
be more susceptible to anti-MDAS antibody than adult
patients. When comparing the association between anti-

MDAS antibody and ILD with the association between
anti-MDAS antibody and RPILD, we found that anti-
MDAS antibody was more associated with RPILD than
ILD in the adult subset (OR: 24.82 vs. 10.50); conversely,
in the juvenile subset, ILD was more frequent than RPILD
(OR: 119.29 vs. 34.84). These outcomes indicated that anti-
MDAS-positive adult DM patients have a higher risk of
developing RPILD, while anti-MDAS5-positive juvenile
DM patients may have a higher risk of developing ILD.
The appearance of anti-MDAS antibody at different ages
may suggest the disease progression of DM patients.
However, the result should be interpreted with caution due
to the small sample size of juvenile patients examined.

In the subgroup analysis based on ethnicity, DM
with ILD in the Asian population showed that anti-MDAS
antibody was more frequent than those in the European
population (OR: 21.25 vs. 9.61). The results showed that
the positive rate of anti-MDAS antibody varies between
ethnic populations. Asian DM-ILD patients were more
likely than European DM-ILD patients to develop anti-
MDAS antibody. When comparing the association between
anti-MDAS antibody and ILD with the association
between anti-MDAS antibody and RPILD, the correlations
between anti-MDAS antibody with ILD and RPILD were
similar in the Asian subgroup (OR: 21.25 vs. 26.29). The
outcomes suggested that the risk for developing ILD is
nearly equal to that for developing RPILD in Asian DM
patients. However, more studies are needed to confirm
this association due to the small sample size of European
patients. Additionally, studies employing European DM-
RPILD patients are scarce, so the connection between anti-
MDAS antibody and the RPILD of European DM patients
was not evaluated.

In the subgroup analysis according to testing
methods, the pooled ORs in DM with ILD versus without
ILD (OR: 15.48 vs. 22.17), as well as in DM with RPILD
versus without RPILD (OR: 20.31 vs. 31.86), were similar
between the immunoprecipitation and ELISA methods. In
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comparing the association between anti-MDAS antibody
with ILD with the association between anti-MDAS
antibody with RPILD, the pooled ORs were similar when
using immunoprecipitation (OR: 15.48 vs. 20.31), as
well as using ELISA (OR: 22.17 vs. 31.86). These results
suggested that both immunoprecipitation and ELISA were
sensitive to detect anti-MDAS antibody.

The results demonstrated that a significant
relationship was found between anti-MDAS antibody
and ILD or RPILD in DM patients, indicating that anti-
MDAS antibody has potential value as a noninvasive
biomarker for DM-ILD and DM-RPILD. In addition,
some researchers have reported that anti-MDAS antibody
was a useful biomarker of DM-ILD and DM-RPILD
[12, 31, 38]. Hence, we further analyzed the diagnostic
accuracy of anti-MDAS5 antibody for DM-ILD and DM-
RPILD. In the present study, the diagnostic values of anti-
MDAS antibody were evaluated in DM with ILD versus
without ILD, as well as in DM with RPILD versus without
RPILD. The results suggested that anti-MDAS antibody
has low diagnostic value in the diagnosis of DM-ILD,
with high specificity (0.96) but relatively low sensitivity
(0.47). Likewise, the subgroup analyses according to
age, cthnicity, and detection methods showed similar
results (sensitivity < 0.6), indicating that anti-MDAS5
antibody could not distinguish between DM with ILD and
DM without ILD. Notably, anti-MDAS5 antibody was a
valuable biomarker for identifying the risk of RPILD in
patients with DM with good sensitivity (0.83) and good
specificity (0.86). Similarly, the outcomes of subgroup
analyses revealed that anti-MDAS antibody had a good
diagnostic accuracy for RPILD in DM patients (sensitivity
> (.80, specificity > 0.80). Taken together, the presence
of anti-MDAS5 antibody is a more appropriate screening
index for RPILD rather than ILD in patients with DM.

This meta-analysis has some limitations. First, only
published English language literature was included. Studies
in other languages were excluded due to insufficient
information, which may lead to selection bias. Second, due
to the small sample size of juvenile and European patients,
the association between anti-MDAS antibody and DM-
ILD and DM-RPILD in the juvenile subgroup and in the
European subgroup require additional studies to confirm
our results. Third, published data regarding the juvenile
and European patients were insufficient; thus, evaluations
of the values of anti-MDAS antibody in the diagnosis of
DM-ILD or DM-RPILD in these two subgroups were not
conducted. Additionally, the population was predominantly
Asian in the current study, whereas only a small number of
Caucasian and African patients were studied. Finally, the
prognostic significance of anti-MDAS antibody for DM-
ILD and DM-RPILD was not assessed.

In conclusion, detecting anti-MDAS5 antibody is
more valuable in diagnosing RPILD than ILD in patients

with DM. Well-designed prospective studies are warranted
to verify the present results and evaluate the prognostic
role of anti-MDAS antibodies in DM-ILD and DM-
RPILD.

MATERIALS AND METHODS

Search strategy

A literature search was systematically performed
in PubMed, Web of Science, Embase, the Cochrane
Library, and Scopus for the published English-language
studies analyzing the diagnostic value of anti-MDAS
antibody in patients with DM. Publications were identified
with the following index terms: “MDAS”, “melanoma
differentiation-associated gene 57, “CADM-140", and
“dermatomyositis” up to January 14, 2017. The reference
lists of relevant articles and reviews were scanned to find
additional studies.

Inclusion and exclusion criteria

The following inclusion criteria were applied:
(1) patients fulfilled the Bohan and Peter criteria [2, 3],
Sontheimer criteria [39], or the criteria of the ENMC
workshop [1]; (2) the diagnosis of ILD was established
according to the results of chest radiography, chest
computed tomography (CT), high-resolution chest
computed tomography, and pulmonary function
tests, while the RPILD was defined as a progressive
deterioration of ILD within a few months from the onset
of respiratory symptoms; (3) DM patients were divided
into the ILD and non-ILD groups or into the RPILD and
non-RPILD groups; (4) studies evaluated the frequency
of anti-MDAS5 antibody in the sera or plasma of patients
with DM; (5) sufficient data was provided to construct a
diagnostic four-fold contingency table; and (6) if the same
research teams published articles with overlapping data,
only the studies with the most data were included. The
exclusion criteria were as follows: (1) review articles,
case reports, commentaries, letters, and abstracts without
sufficient information; (2) publications did not meet the
inclusion criteria.

Data extraction

A full-text review of the identified articles was
independently performed by two investigators, followed
by data extraction. The following information were
extracted: first author, disease type, number of cases,
ethnicity of patient, detection method, frequency of anti-
MDAS antibody in the ILD, non-ILD, RPILD, and non-
RPILD groups. The reviewers resolved disagreements by
discussion and reached a consensus.
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Statistical analysis

This meta-analysis was conducted using Stata 12.0
software (Stata Corporation, College Station, TX, USA).
The pooled ORs with 95% Cls were calculated to evaluate
the association between anti-MDAS5 antibody and the ILD
or RPILD of patients with DM. Moreover, the pooled
ORs and corresponding 95% Cls were also measured to
analyze the association between anti-MDAS antibody
and the ILD or RPILD in DM patients in the subgroup
analyses performed according to age, ethnicity, and
detection method. If 7 > 50% in I>-statistic, or the P-value
<0.10 in Q-statistic, a heterogeneity test was performed.
A bivariate mixed-effects model was used to calculate the
pooled sensitivity, specificity, and AUC values to evaluate
the diagnostic values of anti-MDAS5 antibody for ILD or
RPILD of patients with DM, as well as for ILD or RPILD
of DM in the subgroup analyses stratified by age, ethnicity,
and detection method [40, 41]. TSA, a useful method to
determine whether sufficient and conclusive evidence has
been reached in a meta-analysis [42—44], was conducted
using software TSA version 0.9 beta (http://www.
ctu.dk/tsa). When the cumulative Z-curve crosses the
conventional boundary and the trial sequential monitoring
boundary or crosses into the futility area boundary, a
sufficient level of evidence may have been reached so
that no further studies are needed. If the Z-curve does not
cross any of the boundaries, there is insufficient evidence
to reach a conclusion, and additional trials are required
to confirm the outcomes. Statistical power analysis was
performed using G*Power version 3.1.9.2 (Program
written, concept and design by Franz, Universitat Kiel,
Germany; freely available windows application software)
[45] with an o level of 5%. In addition, Egger’s test
was performed to evaluate potential publication bias for
outcomes with more than nine studies [46].

Abbreviations

MDAS, melanoma differentiation-associated protein
5; DM, dermatomyositis; ILD, interstitial lung disease;
RPILD, rapidly progressive interstitial lung disease; AUC,
area under the curve of the summary receiver operating
characteristic; TSA, trial sequential analysis; CDM,
classic dermatomyositis; CADM, clinically amyopathic
dermatomyositis; MSAs, myositis-specific autoantibodies;
IFIH1, interferon induced with helicase C domain protein
1; OR, odds ratio; ELISA, enzyme-linked immunosorbent
assay; RRR, relative risk reduction; CT, computed
tomography.

ACKNOWLEDGMENTS AND FUNDING

This research was supported by grants from the
National Natural Science Foundation of China Grants

(81373188, 81671618) and the Capital Health Research
and Development of Special (2014-1-4011).

CONFLICTS OF INTEREST

The authors declare that they have no competing
financial interests.

REFERENCES

1. Hoogendijk JE, Amato AA, Lecky BR, Choy EH,
Lundberg IE, Rose MR, Vencovsky J, de Visser M,
Hughes RA. 119th ENMC international workshop: trial
design in adult idiopathic inflammatory myopathies, with the
exception of inclusion body myositis, 10-12 October 2003,
Naarden, The Netherlands. Neuromuscul Disord. 2004;
14:337-45. https://doi.org/10.1016/j.nmd.2004.02.006.

2. Bohan A, Peter JB. Polymyositis and dermatomyositis
(second of two parts). N Engl J Med. 1975; 292:403-7.
https://doi.org/10.1056/NEJM197502202920807.

3. Bohan A, Peter JB. Polymyositis and dermatomyositis (first

of two parts). N Engl J Med. 1975; 292:344-7. https://doi.

org/10.1056/NEJM197502132920706.

Yu KH, Wu YJ, Kuo CF, See LC, Shen YM, Chang HC,

Luo SF, Ho HH, Chen 1J. Survival analysis of patients with

dermatomyositis and polymyositis: analysis of 192 Chinese

cases. Clin Rheumatol. 2011; 30:1595-601. https://doi.
org/10.1007/s10067-011-1840-0.

5. Marie I, Hatron PY, Dominique S, Cherin P, Mouthon L,
Menard JF. Short-term
of
dermatomyositis: a series of 107 patients. Arthritis Rheum.
2011; 63:3439—47. https://doi.org/10.1002/art.30513.

6. Chen 1J, Jan Wu YJ, Lin CW, Fan KW, Luo SF, Ho HH,
Liou LB, Tsai WP, Chen JY, Yang CH, Kuo CF,
Yu KH. Interstitial lung disease in polymyositis and
dermatomyositis. Clin Rheumatol. 2009; 28:639-46. https://
doi.org/10.1007/s10067-009-1110-6.

7.  Marie I, Hachulla E, Cherin P, Dominique S, Hatron PY,
Hellot MF, Devulder B, Herson S, Levesque H,
Courtois H. Interstitial lung disease in polymyositis and
dermatomyositis. Arthritis Rheum. 2002; 47:614-22.
https://doi.org/10.1002/art.10794.

8. American Thoracic

and long-term outcomes

interstitial lung disease in polymyositis and

Society. Idiopathic pulmonary
fibrosis: diagnosis and treatment. International consensus
statement. American Thoracic Society (ATS), and the
European Respiratory Society (ERS). Am J Respir Crit
Care Med. 2000; 161:646-64. https://doi.org/10.1164/
ajrcem.161.2.ats3-00.

9. Fujisawa T, Hozumi H, Kono M, Enomoto N, Hashimoto D,
Nakamura Y, Inui N, Yokomura K, Koshimizu N,
Toyoshima M, Shirai T, Yasuda K, Hayakawa H, et al.
Prognostic factors for myositis-associated interstitial lung
disease. PLoS One. 2014; 9:¢98824. https://doi.org/10.1371/
journal.pone.0098824.

www.impactjournals.com/oncotarget

76138

Oncotarget



11.

13.

14.

15.

16.

17.

18.

Fujimoto M, Watanabe R, Ishitsuka Y, Okiyama N. Recent
advances in dermatomyositis-specific autoantibodies. Curr
Opin Rheumatol. 2016; 28:636—44. https://doi.org/10.1097/
BOR.0000000000000329.

Hozumi H, Fujisawa T, Nakashima R, Johkoh T, Sumikawa H,
Murakami A, Enomoto N, Inui N, Nakamura Y, Hosono Y,
Imura Y, Mimori T, Suda T. Comprehensive assessment
of  myositis-specific polymyositis/
dermatomyositis-associated interstitial lung disease. Respir Med.
2016; 121:91-9. https://doi.org/10.1016/j.rmed.2016.10.019.

autoantibodies  in

. Nakashima R, Imura Y, Kobayashi S, Yukawa N, Yoshifuji H,

Nojima T, Kawabata D, Ohmura K, Usui T, Fujii T, Okawa K,
Mimori T. The RIG-I-like receptor IFIHI/MDAS is a
dermatomyositis-specific autoantigen identified by the
anti-CADM-140 antibody. Rheumatology (Oxford). 2010;
49:433-40. https://doi.org/10.1093/rheumatology/kep375.

Barral PM, Sarkar D, Su ZZ, Barber GN, DeSalle R,
Racaniello VR, Fisher PB. Functions of the cytoplasmic
RNA sensors RIG-I and MDA-5: key regulators of innate
immunity. Pharmacol Ther. 2009; 124:219-34. https://doi.
org/10.1016/j.pharmthera.2009.06.012.

Kobayashi I, Okura Y, Yamada M, Kawamura N,
Kuwana M, Ariga T. Anti-melanoma differentiation-
associated gene 5 antibody is a diagnostic and predictive
marker for interstitial lung diseases associated with juvenile
dermatomyositis. J Pediatr. 2011; 158:675-7. https://doi.
org/10.1016/j.jpeds.2010.11.033.

Hoshino K, Muro Y, Sugiura K, Tomita Y, Nakashima R,
Mimori T. Anti-MDAS and anti-TIF1-gamma antibodies
have clinical significance for patients with dermatomyositis.
Rheumatology (Oxford). 2010; 49:1726-33. https://doi.
org/10.1093/rheumatology/keq153.

Kobayashi N, Takezaki S, Kobayashi I, Iwata N, Mori M,
Nagai K, Nakano N, Miyoshi M, Kinjo N, Murata T,
Masunaga K, Umebayashi H, Imagawa T, et al. Clinical and
laboratory features of fatal rapidly progressive interstitial
lung disease associated with juvenile dermatomyositis.
Rheumatology (Oxford). 2015; 54:784-91. https://doi.
org/10.1093/rheumatology/keu385.

Fujikawa K, Kawakami A, Kaji K, Fujimoto M,
Kawashiri S, Iwamoto N, Aramaki T, Ichinose K, Tamai M,
Kamachi M, Nakamura H, Ida H, Origuchi T, et al.
Association of distinct clinical subsets with myositis-
specific  autoantibodies anti-155/140-kDa
polypeptides, anti-140-kDa polypeptides,
tRNA synthetases
with dermatomyositis: a single-centre, cross-sectional
study. Scand J Rheumatol. 2009; 38:263-7. https://doi.
org/10.1080/03009740802687455.

Chen Z, Cao M, Plana MN, Liang J, Cai H, Kuwana M,
Sun L. Utility of anti-melanoma differentiation-associated
gene 5 antibody measurement in identifying patients
with dermatomyositis and a high risk for developing

towards
and anti-

aminoacyl in Japanese patients

rapidly progressive interstitial lung disease: a review

19.

20.

21.

22.

23.

24.

25.

26.

27.

of the literature and a meta-analysis. Arthritis Care Res
(Hoboken). 2013; 65:1316-24. https://doi.org/10.1002/
acr.21985.

Fiorentino D, Chung L, Zwerner J, Rosen A, Casciola-
Rosen L. The mucocutaneous and systemic phenotype
of dermatomyositis patients with antibodies to MDAS
(CADM-140): a retrospective study. J Am Acad Dermatol.
2011; 65:25-34. https://doi.org/10.1016/j.jaad.2010.09.016.
Horai Y, Koga T, Fujikawa K, Takatani A, Nishino A,
Nakashima Y, Suzuki T, Kawashiri SY, Iwamoto N,
Ichinose K, Tamai M, Nakamura H, Ida H, et al. Serum
interferon-alpha is a useful biomarker in patients with
anti-melanoma differentiation-associated gene 5 (MDAS)
antibody-positive dermatomyositis. Mod Rheumatol. 2015;
25:85-9. https://doi.org/10.3109/14397595.2014.900843.
Cao H, Pan M, Kang Y, Xia Q, Li X, Zhao X, Shi R,
Lou J, Zhou M, Kuwana M, Ding X, Zheng J. Clinical
manifestations of dermatomyositis and clinically amyopathic
dermatomyositis patients with positive expression of anti-
melanoma differentiation-associated gene 5 antibody.
Arthritis Care Res (Hoboken). 2012; 64:1602—10. https:/
doi.org/10.1002/acr.21728.

Koga T, Fujikawa K, Horai Y, Okada A, Kawashiri SY,
Iwamoto N, Suzuki T, Nakashima Y, Tamai M, Arima K,
Yamasaki S, Nakamura H, Origuchi T, et al. The diagnostic
utility of anti-melanoma differentiation-associated gene 5
antibody testing for predicting the prognosis of Japanese
patients with DM. Rheumatology (Oxford). 2012;
51:1278-84. https://doi.org/10.1093/rheumatology/ker518.
Ikeda N, Takahashi K, Yamaguchi Y, Inasaka M,
Kuwana M, lkezawa Z. Analysis of dermatomyositis-
specific autoantibodies and clinical characteristics in
Japanese patients. J Dermatol. 2011; 38:973-9. https://doi.
org/10.1111/j.1346-8138.2011.01262.x.

Kang EH, Nakashima R, Mimori T, Kim J, Lee YJ, Lee EB,
Song YW. Myositis autoantibodies in Korean patients with
inflammatory myositis: anti-140-kDa polypeptide antibody
is primarily associated with rapidly progressive interstitial
lung disease independent of clinically amyopathic
dermatomyositis. BMC Musculoskelet Disord. 2010; 11:
223. https://doi.org/10.1186/1471-2474-11-223.

Narang NS, Casciola-Rosen L, Li S, Chung L,
Fiorentino DF. Cutaneous ulceration in dermatomyositis:
association with anti-melanoma differentiation-associated
gene 5 antibodies and interstitial lung disease. Arthritis Care
Res (Hoboken). 2015; 67:667—72. https://doi.org/10.1002/
acr.22498.

Ceribelli A, Fredi M, Taraborelli M, Cavazzana I, Tincani A,
Selmi C, Chan JY, Chan EK, Satoh M, Franceschini F.
Prevalence and clinical significance of anti-MDAS
antibodies in European patients with polymyositis/
dermatomyositis. Clin Exp Rheumatol. 2014; 32:891-7.
Cuesta-Mateos C, Colom-Fernandez B, Portero-Sainz I,
Tejedor R, Garcia-Garcia C, Concha-Garzon MJ, De
las Heras-Alonso ME, Martinez MA, Juarez C, Munoz-

www.impactjournals.com/oncotarget

76139

Oncotarget



28.

29.

30.

31.

32.

33.

34.

35.

36.

Calleja C. Autoantibodies against TIF-1-gamma and
CADM-140 in Spanish patients with clinically amyopathic
dermatomyositis (CADM): clinical significance and
diagnostic utility. J Eur Acad Dermatol Venereol. 2015;
29:482-9. https://doi.org/10.1111/jdv.12591.

Hamaguchi Y, Kuwana M, Hoshino K, Hasegawa M,
Kaji K, Matsushita T, Komura K, Nakamura M, Kodera M,
Suga N, Higashi A, Ogusu K, Tsutsui K, et al. Clinical
correlations with dermatomyositis-specific autoantibodies in
adult Japanese patients with dermatomyositis: a multicenter
cross-sectional study. Arch Dermatol. 2011; 147:391-8.
https://doi.org/10.1001/archdermatol.2011.52.

XuY, Yang CS, Li YJ, Liu XD, Wang JN, Zhao Q, Xiao WG,
Yang PT. Predictive factors of rapidly progressive-interstitial
lung disease in patients with clinically amyopathic
dermatomyositis. Clin Rheumatol. 2016; 35:113—6. https://
doi.org/10.1007/s10067-015-3139-z.

Labrador-Horrillo M, Martinez MA, Selva-O’Callaghan A,
Trallero-Araguas E, Balada E, Vilardell-Tarres M, Juarez C.
Anti-MDAS5 antibodies in a large Mediterranean population
of adults with dermatomyositis. J Immunol Res. 2014;
2014:290797. https://doi.org/10.1155/2014/290797.

Chen F, Wang D, Shu X, Nakashima R, Wang G. Anti-MDAS
antibody is associated with A/SIP and decreased T cells in
peripheral blood and predicts poor prognosis of ILD in
Chinese patients with dermatomyositis. Rheumatol Int. 2012;
32:3909-15. https://doi.org/10.1007/s00296-011-2323-y.

Tanizawa K, Handa T, Nakashima R, Kubo T, Hosono Y,
Watanabe K, Aihara K, Oga T, Chin K, Nagai S, Mimori T,
Mishima M. HRCT features of interstitial lung disease
in dermatomyositis with anti-CADM-140 antibody.
Respir Med. 2011; 105:1380-7. https://doi.org/10.1016/j.
rmed.2011.05.006.

Gono T, Kawaguchi Y, Satoh T, Kuwana M, Katsumata Y,
Takagi K, Masuda I, Tochimoto A, Baba S, Okamoto Y, Ota
Y, Yamanaka H. Clinical manifestation and prognostic factor
in anti-melanoma differentiation-associated gene 5 antibody-
associated interstitial lung disease as a complication of
dermatomyositis. Rheumatology (Oxford). 2010; 49:1713-9.
https://doi.org/10.1093/rheumatology/keq149.

Sato S, Hoshino K, Satoh T, Fujita T, Kawakami Y,
Fujita T, Kuwana M. RNA helicase encoded by melanoma
differentiation-associated gene 5 is a major autoantigen
in patients with clinically amyopathic dermatomyositis:
Association with rapidly progressive interstitial lung disease.
Arthritis Rheum. 2009; 60:2193-200. https://doi.org/10.1002/
art.24621.

Sato S, Hirakata M, Kuwana M, Suwa A, Inada S, Mimori T,
Nishikawa T, Oddis CV, Ikeda Y. Autoantibodies to a 140-
kd polypeptide, CADM-140, in Japanese patients with
clinically amyopathic dermatomyositis. Arthritis Rheum.
2005; 52:1571-6. https://doi.org/10.1002/art.21023.

Li L, Wang Q, Yang F, Wu C, Chen S, Wen X, Liu C,
Li Y. Anti-MDAS antibody as a potential diagnostic and

37.

38.

39.

40.

41.

42.

43.

44.

45.

46.

prognostic biomarker in patients with dermatomyositis.
Oncotarget. 2017; 8:26552—64. https://doi.org/10.18632/
oncotarget.15716.

Fathi M, Dastmalchi M, Rasmussen E, Lundberg IE,
Tornling G. Interstitial lung disease,
manifestation of newly diagnosed polymyositis and
dermatomyositis. Ann Rheum Dis. 2004; 63:297-301.

Yoshifuji H. Biomarkers and Autoantibodies of Interstitial

a common

Lung Disease with Idiopathic Inflammatory Myopathies.
Clin Med Insights Circ Respir Pulm Med. 2015; 9:141-6.
https://doi.org/10.4137/CCRPM.S36748.

Sontheimer RD. Would a new name hasten the acceptance
of amyopathic dermatomyositis (dermatomyositis sine
myositis) as a distinctive subset within the idiopathic
inflammatory dermatomyopathies spectrum of clinical
illness? J Am Acad Dermatol. 2002; 46:626-36.

Reitsma JB, Glas AS, Rutjes AW, Scholten RJ, Bossuyt PM,
Zwinderman AH. Bivariate analysis of sensitivity and
specificity produces informative summary measures in
diagnostic reviews. J Clin Epidemiol. 2005; 58:982-90.
https://doi.org/10.1016/j.jclinepi.2005.02.022.

Jones CM, Athanasiou T. Summary receiver operating
characteristic curve analysis techniques in the evaluation of
diagnostic tests. Ann Thorac Surg. 2005; 79:16-20. https://
doi.org/10.1016/j.athoracsur.2004.09.040.

Roshanov PS, Dennis BB, Pasic N, Garg AX, Walsh M.
When is a meta-analysis conclusive? A guide to Trial
Sequential Analysis with an example of remote ischemic
preconditioning for renoprotection in patients undergoing
cardiac surgery. Nephrol Dial Transplant. 2017; 32:ii23-ii30.
https://doi.org/10.1093/ndt/gfw219.

Thorlund K, Devereaux PJ, Wetterslev J, Guyatt G,
Ioannidis JP, Thabane L, Gluud LL, Als-Nielsen B,
Gluud C. Can trial sequential monitoring boundaries reduce
spurious inferences from meta-analyses? Int J Epidemiol.
2009; 38:276-86. https://doi.org/10.1093/ije/dyn179.
Wetterslev J, Thorlund K, Brok J, Gluud C. Trial sequential
analysis may establish when firm evidence is reached in
cumulative meta-analysis. J Clin Epidemiol. 2008; 61:64-75.
https://doi.org/10.1016/j.jclinepi.2007.03.013.

Faul F, Erdfelder E, Lang AG, Buchner A. G¥Power 3: a
flexible statistical power analysis program for the social,
behavioral, and biomedical sciences. Behav Res Methods.
2007; 39:175-91.

Egger M, Davey Smith G, Schneider M, Minder C. Bias
in meta-analysis detected by a simple, graphical test. BMJ.
1997; 315:629-34.

WWW

.impactjournals.com/oncotarget

76140

Oncotarget



