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IMPORTANCE Idiopathic inflammatory myopathies are heterogeneous in their
pathophysiologic features and prognosis. The emergence of myositis-specific autoantibodies
suggests that subgroups of patients exist.

OBJECTIVE To develop a new classification scheme for idiopathic inflammatory myopathies
based on phenotypic, biological, and immunologic criteria.

DESIGN, SETTING, AND PARTICIPANTS An observational, retrospective cohort study was
performed using a database of the French myositis network. Patients identified from referral
centers for neuromuscular diseases were included from January 1, 2003, to February 1, 2016.
Of 445 initial patients, 185 patients were excluded and 260 adult patients with myositis who
had complete data and defined historical classifications for polymyositis, dermatomyositis,
and inclusion body myositis were enrolled. All patients were tested for anti-histidyl-ARN-t-
synthetase (Jo1), anti-threonine-ARN-t-synthetase (PL7), anti-alanine-ARN-t-synthetase
(PL12), anti-complex nucleosome remodeling histone deacetylase (Mi2), anti-Ku,
anti-polymyositis/systemic scleroderma (PMScl), anti-topoisomerase 1(Scl70), and
anti-signal recognition particle (SRP) antibodies. A total of 708 variables were collected per
patient (eg, cancer, lung involvement, and myositis-specific antibodies).

MAIN OUTCOMES AND MEASURES Unsupervised multiple correspondence analysis and
hierarchical clustering analysis to aggregate patients in subgroups.

RESULTS Among 260 participants (163 [62.7%] women; mean age, 59.7 years; median age
[range], 61.5 years [48-71years]), 4 clusters of patients emerged. Cluster 1(n = 77) included
patients who were male, white, and older than 60 years and had finger flexor and quadriceps
weakness and findings of vacuolated fibers and mitochondrial abnormalities. Cluster 1
regrouped patients who had inclusion body myositis (72 of 77 patients [93.5%]; 95% Cl,
85.5%-97.8%:; P < .001). Cluster 2 (n = 91) regrouped patients who were women and had
high creatine phosphokinase levels, necrosis without inflammation, and anti-SRP or
anti-3-hydroxy-3-methylglutaryl-coenzyme A reductase (HMGCR) antibodies corresponding
to immune-mediated necrotizing myopathy (53 of 91 [58.2%]; 95% Cl, 47.4%-68.5%;

P <.001). Cluster 3 (n = 52) regrouped patients who had dermatomyositis rash and anti-Mi2,
anti-melanoma differentiation-associated protein 5 (MDAS5), or anti-transcription
intermediary factor-1ly (TIF1y) antibodies, mainly corresponding with patients who had
dermatomyositis (43 of 52 [82.7%]; 95% Cl, 69.7%-91.8%; P < .001). Cluster 4 (n = 40) was
defined by the presence of anti-Jo1 or anti-PL7 antibodies corresponding to antisynthetase
syndrome (36 of 40 [90.0%]; 95% Cl, 76.3%-97.2%; P < .001). The classification of an
independent cohort (n = 50) confirmed the 4 clusters (Cohen k light, 0.8; 95% Cl, 0.6-0.9).

CONCLUSIONS AND RELEVANCE These findings suggest a classification of idiopathic
inflammatory myopathies with 4 subgroups: dermatomyositis, inclusion body myositis,
immune-mediated necrotizing myopathy, and antisynthetase syndrome. This classification
system suggests that a targeted clinical-serologic approach for identifying idiopathic
inflammatory myopathies may be warranted.
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he idiopathicinflammatory myopathies (IIM) are a group

of acquired myopathies characterized by muscle in-

flammation that are associated with motor weakness
of varying severity. They are rare autoimmune diseases' and
heterogeneous in their muscle phenotype and extramuscular
manifestations.

The historical classification systems of myositis initially
included 2 main entities: dermatomyositis (DM) and polymyo-
sitis (PM).23 Later, it was shown that PM was overvalued.*>
Pathologic criteria were refined to isolate 2 new subgroups:
inclusion body myositis (IBM)®” and immune-mediated nec-
rotizing myopathy (IMNM).” Each approach defines overlap-
ping entities; for instance, antisynthetase syndrome is classi-
fied as both DM or PM.®!° A new classification system is
beneficial to reduce confusion. Ideally, subgroups should share
common characteristics in terms of phenotype, prognosis, and
pathogenesis. Future clinical trials should be adapted on the
basis of those subgroups.

Thereis increasing evidence that myositis-specific antibod-
ies (MSA) or myositis-associated autoantibodies can help de-
fine subgroups of patients in terms of clinical or pathologic phe-
notypes, prognosis, and response to treatment.'> We sought
to propose a new classification system for IIM by performing
unsupervised hierarchical clustering analysis, which permit-
ted the aggregation of patients with IIM into 4 subgroups.

Methods

Study Design and Participants

This was an observational, retrospective, and multicentric study.
Patients were identified from the myositis registry at the Neu-
romuscular Diseases Reference Centre of Paris (Groupe Hos-
pitalier Pitié Salpétriére, Paris, France), part of the myositis
French network database from January 1, 2003, to February 1,
2016. An independent cohort from different centers of this net-
work was then studied for external validation from October 25,
2013, to February 1, 2016. Patients were included if they met
the following criteria: adult myositis defined according to his-
torical classifications of Bohan and Peter? and Griggs et al® as
PM, DM, and IBM; a follow-up period between January 1, 2003
(availability of antibody detection kits), and February 1, 2016
(final database lock); and an MSA screening using different gen-
erations of line blot assays (at least PMS8D [Blue Dot
Polymyositis/Scleroderma® IgG], DTEK). Exclusion criteria were
missing data (eFigure 1 in the Supplement). This project was
approved by the local ethics committee (Comité de protection
des personnes, Ile-de-France VI, Groupe Hospitalier Pitié
Salpétriére) and by the Ministry of Research (Comité Consul-
tatif sur le Traitement de I'Information en matiére de Recher-
che dansle domaine dela Santé [reference number 14.323]). We
also received research authorization for the database from the
National Commission on Informatics and Liberties (authoriza-
tion number 915139) according to French regulatory require-
ments. Written informed consent was provided by all patients
for use of the database and the collection of biological samples
(not evaluated in this project, reference MERS AC-2013-1868).
A written waiver of informed consent was granted for
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Key Points

Questions Does the identification of myositis-specific
autoantibodies suggest the potential for identifying subgroups of
idiopathic inflammatory myopathies, and is a new classification
system for idiopathic inflammatory myopathies based on
phenotypic, biological, and immunologic criteria warranted?

Findings In this cohort study of 260 patients with idiopathic
inflammatory myositis, 4 clusters (dermatomyositis, inclusion
body myositis, immune-mediated necrotizing myopathy, and
anti-synthetase syndrome) were identified using unsupervised
multivariate analyses. The developed decisional tree revealed that
myositis-specific antibodies played a role in predicting the
likelihood of belonging to a cluster.

Meaning This classification scheme for identifying subgroups of
idiopathic inflammatory myopathies suggests that use of a
targeted clinical-serologic approach for identifying idiopathic
inflammatory myopathies may be warranted.

8 patients lost to follow-up via a letter sent to the patients
defining nonobjection to study their retrospective anony-
mous data as part of research on myositis.

Data Collection

We developed an observational computerized database with
electronic case report forms built with Voozanoo (EpiConcept)
that included characteristics of the muscular and extramuscu-
lar manifestations (eTable 1in the Supplement). As declared by
the French legislation, race/ethnicity (relevant for myositis phe-
notype) was collected by the physicians (E.H., F.M., A.M., A.T.,
Y.A.,and O.B.).

Detection of Antinuclear Antibodies and MSA-

and Myositis-Associated Antibodies

Antinuclear antibodies were detected by indirect immuno-
fluorescence on HEp-2000 cells (Immunoconcepts).'® The
screening for MSA was performed with different generations
of line blot commercial assays (eTable 2 in the Supplement),
as previously reported.!”

Statistical Analyses

The statistical analyses were performed in 4 steps using R, ver-
sion 3.4.0 (R Core Team). Step 1 was a preanalytical step to de-
scribe the data set. All collected data were crudely described,
then grouped according to historical myositis classifications (PM,
DM, and IBM) to study the association between different char-
acteristics and historical myositis classifications. Quantitative
data were described as medians (first quartile and third quar-
tile). Qualitative data were categorized into frequency and per-
centages and binomial CIs. Nonparametric tests were used. The
Kruskal-Wallis rank sum test was used to assess the associa-
tion between quantitative data and historical classification. The
Fisher exact test was used for qualitative data. Multiple com-
parisons problem was controlled by Bonferroni-adjusted Pvalue
method, and P < .05 was considered to be statistically signifi-
cant. The agreement between the dosages of MSA determined
for all patients with kits from DTEK and PMS8D (eTable 2 in the
Supplement) was evaluated with the Cohen k light coefficient.
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Step 2 was an analytical phase seeking to define sub-
groups and to build a new classification. A multiple correspon-
dence analysis was used as a multivariate statistical method
for description to reduce the dimensions of the data set (eFig-
ure 1in the Supplement). A hierarchical cluster analysis from
the multiple correspondence analysis was used to determine
subgroups of patients according to various characteristics. The
clustering of patients was performed using Euclidean dis-
tance and the Ward agglomerative method. Crude associa-
tions were performed between the different variables that par-
ticipated in the construction and those that were positioned
with clusters identified by the hierarchical cluster analysis.

Step 3 sought to construct a decisional algorithm tree to
easily position the participants in the new classification scheme.
We used classification and regression trees. We performed
cross-validation to select the optimal tree and performed mul-
tiple runs to avoid overfitting. The selection of the best tree was
defined by jointly visualizing the smallest cross-validated
prediction error on the training set associated with the highest
proportion of correct classification on the test set. The classifi-
cation quality of the tree was judged on the basis of the sensi-
tivity and specificity estimation of classification criteria.

Step 4 involved the external validation of the model of clas-
sification from an independent data set (including patients
from other centers). A naive classification of these patients ob-
tained from the hierarchical cluster analysis was compared with
the objective classification from the tree resulting from the
initial set. The agreement between the 2 classifications was
evaluated by Cohen x light analysis, and the 95% CI was calcu-
lated from the empirical distribution by bootstrap analysis.

. |
Results

New Classification System

Data from 361 patients (230 [63.7%] women and 131 [36.3%]
men; mean [SD] age, 59.6 [16.8] years; median age [range], 61
years [46-72]) with 708 variables were described (eTable 3in the
Supplement). Forty-seven discriminant variables were se-
lected according to their relevance for distinguishing histori-
cal entities (PM, DM, and IBM) and/or their agreement with clini-
cal practice from the point of view of expert physicians (Y.A. and
0.B.). Ultimately, 260 patients (163 [62.7%] women; mean age,
59.7 years; median age [range], 61.5 years [48-71 years]) with no
missing data for the 47 selected variables were included for the
construction of the new classification system, starting with the
multiple correspondence analysis (eFigures 1-3 and eTable 4 in
the Supplement). We chose to perform multiple correspon-
dence analysis on the first 39 dimensions, cumulatively ex-
plaining 90.4% of the variance. Then, we performed hierarchi-
cal clustering to identify clusters (Figure 1). The hierarchical tree
suggested a partition into 4 clusters. Forty-one variables were
discriminant for the hierarchical cluster analysis (eTable 5in the
Supplement). In addition to the description of the 41 selected
variables, we also positioned relevant clinical-biological vari-
ables that were not used for hierarchical cluster analysis. These
variables were excluded from the construction of the new clas-
sification scheme because of missing data (eg, newly available
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MSA dosages) or their potential weight in the classification in
terms of historical diagnosis (PM, DM, and IBM) and/or recent
diagnosis (PM, DM, IBM, IMNM, and antisynthetase syn-
drome) (eTable 6 in the Supplement). Finally, we identified the
following characteristics (skin lesions, biological, muscular and
extramuscular, histological, sociodemographic, and final sta-
tus as well as the diagnosis) among the 4 identified clusters
(Table and eTables 7-10 in the Supplement).

Cluster Subgroups

0f 260 study patients, 77 patients (29.6%) were included in the
first cluster, of whom 46 patients (59.7%; 95% CI, 47.9%-
70.8%; P < .001) were male, 74 (96.1%; 95% CI, 89.0%-99.2%;
P = <.001) were white, and 58 (75.3%; 95% CI, 64.2%-84.4%;
P <.001) were at least 60 years of age at the time of diagnosis.
There were few patients with skin lesions (8 [10.4%]; 95% CI,
4.6%-19.4%; P < .001). Muscular evaluation was done using the
Medical Research Council 5-point (MRC5) scale, which is a scale
of O to 5 with lower numbers indicating more weakness:
5, muscle contracts against full resistance; 4, strength
reduced, but contraction can still move joint against resis-
tance; 3, strength further reduced such that joint can be moved
only against gravity with examiner's resistance completely
removed; 2: muscle can only move if resistance of gravity is
removed; 1, only a trace or flicker of movement is seen or felt,
or fasciculations are observed; and O, no movement. Evalu-
ated patients harbored a characteristic phenotype with distal
weakness of finger flexors (MRC5 < 3: 48 patients [62.3%]; 95%
CI, 50.6%-73.1%; P < .001) and proximal weakness mainly af-
fecting the quadriceps (MRCS5 < 3: 47 [61.0%]; 95% CI, 49.2%-
71.9%; P < .001); weakness was less frequently found in the del-
toids (MRC5 of 5: 28 [36.4%]; 95% CI, 25.7%-48.1%; P = .04).
Swallowing difficulties also characterized the first cluster (59
patients [76.6%]; 95% CI, 65.6%-85.5%; P < .001). Creatine
kinase (CK) levels ranged from 160 U/L to 793 U/L (33 patients
[42.8%]; 95% CI, 31.6%-54.6%; P < .001) (to convert CK to
microkatals per liter, multiply by 0.0167).

Assessment of muscle pathologic features revealed vacu-
olated fibers (62 of 77 patients [80.5%1; 95% CI, 69.9%-
88.6%; P < .001), mitochondrial abnormalities (61[79.2%]; 95%
CI, 68.5%-87.6%; P < .001), muscle inflammation (77 [100%];
95% CI, 95.3%-100%; P < .001), and invaded fibers (52 [67.5%];
95% CI, 55.9%-77.8%; P < .001). The vacuolated fibers (V test,
11.308639; P value = 1.189197e-29), finger flexor weakness
(V test, 8.976751; P value = 2.788792e-19), and mitochon-
drial abnormalities (V test, 8.761396; P value = 1.928476e-18)
were the variables that most characterized cluster 1 (greater
V test value and smaller P value) (eTable 7 in the Supple-
ment). By positioning the variables, cluster 1 regrouped mainly
IBM (93.5% 95% CI, 85.5%-97.8%; P < .001).

The second cluster included 91 of 260 patients (35.0%). Of
these patients, 66 (72.5%; 95% CI, 62.2%-81.4%; P = .02) were
women with no specific race/ethnicity and without skin le-
sions (36 of 91 patients [39.6%]; 95% CI, 29.5%-50.4%; P = .02).
These patients had the most severe proximal muscle weak-
ness of the lower limbs affecting the psoas (MRC5 < 3: 57 pa-
tients [62.6%]; 95% CI, 51.9%-72.6%; P = .04), whereas the
quadriceps (MRC5 of 5: 40 [43.9%]; 95% CI, 33.6%-54.7%;
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Figure 1. Dendrogram and Hierarchical Cluster Analysis on Multiple Correspondence Analysis Factor Map
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method. The bold vertical line indicates the height of fusion into clusters 16.7% of the total variance. We obtained a hierarchical tree positioned on the
proposed and the x-axis indicates the individuals (n = 260) at the bottom of the factorial map on which colors indicate individuals according to the cluster to
dendrogram (leaf nodes). B, Factor map showing the raw data (individuals) which they belong.

used to generate the dendogram. The first 2 dimensions cumulatively explained
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Table. Clusters by Hierarchical Cluster Analysis

Cluster, No. (%)

Variable 1(n=77) 2(n=91) 3(n=52) 4 (n =40) P Value?
Female 31(40.3) 66 (72.5) 38 (73.1) 28 (70.0) <.001
Age at diagnosis, y
<40 1(1.3) 26 (28.6) 19 (36.5) 15 (37.5)
>40 to 60 18 (23.4)  40(43.9) 22(423) 19(47.5) <001
>60 58 (75.3) 25 (27.5) 11 (21.1) 6 (15.0)
Race/ethnicity
White 74 (96.1) 62 (68.1) 45 (86.5) 26 (65.0)
African origin 1(1.3) 12 (13.2) 2 (3.8) 9 (22.5) <.001
Other® 2(2.6) 17 (18.7) 5(9.6) 6 (15.0)
Historical diagnosis
Dermatomyositis 2(2.6) 7(7.7) 43 (82.7) 2 (5.0)
Inclusion body myositis 72 (93.5) 7(7.7) 0 0 <.001
Polymyositis 3(3.9 77 (84.6) 9(17.3) 38(95.0)
Recent diagnosis
Dermatomyositis 2 (2.6) 7(7.7) 43 (82.7) 2 (5.0)
Inclusion body myositis 72 (93.5) 7(7.7) 0 0
Immune-mediated necrotizing myopathy 2(2.6) 53 (58.2) 2(3.8) 0 <.001
Polymyositis 1(1.3) 21 (23.1) 7 (13.5) 2 (5.0)
Antisynthetase syndrome 0 3(3.3) 0 36 (90.0)
Dermatologic changes
Typical rash criteria 8 (10.4) 36 (39.6) 52 (100)° 32 (80.0) <.001
Shawl sign 2(2.6) 7(7.7) 42 (80.8)°  7(17.5)  <.001
Dermatomyositis rash 0 6 (6.6) 46 (88.4)° 6 (15.0) <.001
Heliotrope rash 0 5(5.5) 39 (75.0)¢ 3(7.5) <.001
Alopecia 1(1.3) 4(4.4) 10 (19.2) 2 (5.0) .001
Calcinosis 0 0 5(9.6) 1(2.5) <.001
Limb edema 5(6.5) 7(7.7) 18 (34.6) 10 (25.0) <.001
Panniculitis 0 0 4(7.7) 0 .002
Skin ulcers 0 2(2.2) 9(17.3) 4 (10.0) <.001
Mechanic hands 0 3(3.3) 5(9.6) 22 (55.0)¢ <.001
High CK levels, pkatal/L
<160 8 (10.4) 7(7.7) 5(9.6) 2 (5.0)
>160 to 793 33 (42.8) 10 (10.9) 6 (11.5) 6 (15.0)
>793 to 2300 28 (36.4) 16 (17.6) 15 (28.8) 6 (15.0) <.001
>2300 to 7000 5(6.5) 30 (33.0) 13 (25) 11 (27.5)
>7000 3(3.9 28 (30.8) 13 (25) 15 (37.5)
Type of antibody
Myositis-specific autoantibodies 30 (38.9) 50 (54.9) 20 (38.5) 38 (95.0) <.001
MSA of antisynthetase syndrome 0 3(3.3) 0 35 (87.5)¢ <.001
Anti-Jol 0 0 0 31(77.5)¢ <.001
Anti-PL12 0 2(2.2) 0 1(2.5) 44
Anti-PL7 0 1(1.1) 0 3(7.5) .02
Anti-EJ (n = 193) 0 0 0 1(2.5) .39
Anti-SRP 0 23 (25.3)° 1(1.9) 0 <.001
Anti-HMGCR (n = 182) 1(1.3) 20 (21.9) 0 0 <.001
Anti-SAE1 (n = 165) 0 0 2(3.8) 0 .08
Anti-SAE2 (n = 165) 0 0 1(1.9) 0 .39
Anti-Mi2 0 2(2.2) 10 (19.2)° 0 <.001
Anti-MDA5 (n = 191) 0 0 3(5.8) 2 (5) .02
Anti-TIF1ly, (n = 180) 0 0 2(3.8) 0 .04
Anti-NXP2 (n = 165) 0 1(1.1) 1(1.9) 0 .82
Myositis-associated autoantibodies 36 (46.7) 61 (67.1) 41 (78.8) 38 (95.0) <.001
Anti-ANA 27 (35.1) 55 (60.4) 39 (75.0) 25 (62.5) <.001
Anti-Ku 0 5(5.5) 0 0 .03
Anti-DNA (n = 222) 2(2.6) 4 (4.4) 9(17.3) 3 (7.5) .007
(continued)
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Table. Clusters by Hierarchical Cluster Analysis (continued)

Cluster, No. (%)

Variable 1(n=77) 2(n=91) 3(n=52) 4 (n = 40) P Value®
Anti-RNP 0 6 (6.6) 5(9.6) 2 (5.0) .03
Anti-SSA/Ro52 11 (14.3) 27 (29.7) 7 (13.5) 31(77.5)¢ <.001
Anti-SSA/Ro60 5 (6.5) 7(7.7) 1(1.9) 14 (35.0)  <.001
Anti-SSB 4(5.2) 1(1.1) 3(5.8) 4 (10.0) .09

Pathologic characteristics
Necrotic fibers 65 (84.4) 75 (82.4) 30 (57.7) 29 (72.5) .002
Muscle inflammation 77 (100) 57 (62.6) 46 (88.5) 33 (82.5) <.001
Mitochondrial abnormalities 61(79.2)° 20(21.9) 12 (23.1) 7 (17.5) <.001
Perifascicular atrophy 13 (16.9) 8 (8.8) 29 (55.8) 9 (22.5) <.001
Presence of vacuoles 62 (80.5)° 9(9.9) 7 (13.5) 1(2.5) <.001
Invaded fibers 52 (67.5) 17 (18.7) 9(17.3) 8(20.0) <.001
Perivascular infiltrates 26 (33.8) 25 (27.5) 35 (67.3) 21 (52.5) <.001
Proximal deficit 77 (100) 85 (93.4) 50 (96.1) 36 (90) .03
Distal deficit 74 (96.1) 45 (49.4) 25 (48.1) 15 (37.5) <.001
Axial deficit 54 (70.1)  60(65.9)  38(73.1) 17 (42.5) .01
Swallowing disorders 59 (76.6) 47 (51.6) 31 (59.6) 14 (35.0) <.001

MRC5 score
Deltoids

<3 23(29.9) 40 (43.9) 29 (55.8) 8 (20.0)
4 26 (33.8) 35(38.4) 18 (34.6) 10 (25.0) <.001
5 28 (36.4) 16 (17.6) 5(9.6) 22 (55.0)
Fingers flexors
<3 48 (62.3)° 8 (8.8) 5(9.6) 2 (5.0)
4 21(27.3) 24 (26.4) 8 (15.4) 7 (17.5) <.001
5 8 (10.4) 59 (64.8) 39 (75.0) 31 (77.5)
Psoas
<3 38 (49.3) 57 (62.6) 31 (59.6) 14 (35.0)
4 28 (36.4) 19 (20.9) 18 (34.6) 19 (47.5) .02
5 11 (14.3) 15 (16.5) 3(5.8) 7 (17.5)
Quadriceps
<3 47 (61.0) 25 (27.5) 12 (23.1) 6 (15.0)
4 20 (25.9) 26 (28.6) 27 (51.9) 10 (25.0) <.001
5 10 (12.9) 40 (43.9) 13 (25.0) 24 (60.0)

History of connective tissue disease (n = 249) 5(6.5) 39 (42.8) 14 (26.9) 15 (55.0) <.001

History of Raynaud phenomenon 4 (5.2) 32 (35.1) 16 (30.8) 17 (42.5) <.001

Rheumatologic disorders 14 (18.2) 33 (36.2) 19 (36.5) 36 (90.0) <.001

Mobility (n = 164)

Without help 11 (14.3) 41 (45.0) 21 (40.4) 17 (42.5)

Cane 12 (15.6) 9(9.9) 2 (3.8) 1(2.5)

Rollator 3(3.9 0 1(1.9) 0 .001
Wheelchair 10 (12.9) 10 (10.9) 3(5.8) 1(2.5)

Bedridden 3(3.9) 8 (8.8) 6 (11.5) 5(12.5)

Cancer, 23 y of myositis 15 (19.5) 10 (10.9) 11 (21.2) 1(2.5) .02

Heart involvement (n = 232) 13 (16.9) 17 (27.5) 10 (19.2) 6 (15.0) .97

High blood pressure 35 (45.4) 22 (24.2) 8 (15.4) 7 (17.5) <.001

Lung involvement 46 (59.7) 69 (75.8) 37 (71.1) 40 (100)° <.001

Diffuse interstitial lung disease (n = 238) 7(9.1) 27 (29.7) 9(17.4) 34 (85.0) <.001

Expiratory volume in 1 s <70% (n = 240) 59 (76.6) 59 (64.8) 40 (76.9) 20 (50.0) .001

Forced vital capacity <70% (n = 230) 62 (80.5) 65 (71.4) 41 (78.8) 19 (47.5) <.001

Diffusing capacity of lung for carbon 14 (18.2) 22 (24.2) 14 (26.9) 5(12.5) .02

monoxide corrected <70% (n = 146)

Relapse (n = 243) 7(9.1) 49 (53.8) 30 (57.7) 28 (70.0) <.001

Remission (n = 241) 2 (2.6) 12 (13.2)  20(38.5) 6(15.0)  <.001

P =.009) and distal muscles with finger flexors (MRC5 of 5: 59
[64.8%]; 95% CI, 54.1%-74.5%; P = .004) did not show weak-
ness. A high CK level was noted (>2300 U/L and <7000 U/L: 30
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Abbreviations: ANA, antinuclear
antibody; CK, creatine kinase;

EJ, glycine-ARN-t-synthetase;
HMGCR, 3-hydroxy-3-methylglutaryl-
coenzyme A reductase;

Jol, histidyl-ARN-t- synthetase;
MDAS5, melanoma differentiation-
associated protein 5; Mi2, complex
nucleosome remodeling histone
deacetylase; MRC5, Medical Research
Council 5-point scale (scale of 0 to 5
with lower numbers indicating more
weakness); MSA, myositis-specific
antibodies; NXP2, nuclear matrix
protein-2; PL7, threonine-ARN-t-
synthetase; PL12, alanine-ARN-t-
synthetase; RNP, ribonucleoprotein;
SAE1, SUMO-activating enzyme
subunit SAET; SAE2, SUMO-activating
enzyme subunit SAE2; SRP, signal
recognition particle; SSA/Ro52,
anti-cytoplasmic ribonucleoprotein of
52 kDa; SSA/Ro60, anti-cytoplasmic
ribonucleoprotein of 60 kDa;

SSB, Sjogren syndrome type B;
SUMO, small ubiquitin-like modifier;
TIF1y, transcription intermediary
factor-1y (p155/140).

Sl conversion factor: To convert CK to
microkatals per liter, multiply by
0.0167.

2 Global Pvalue.

b Other is defined as Asian, South
American, other islands, or mixed
individuals (ie, mother is white and
father is African).

€ Most-characterizing variables.

patients [33.0%]; 95% CI, 23.5%-43.6%; P = .004; >7000 U/L:
28[30.8%]; 95% CI, 21.5%-41.3%; P = .03). Assessment of muscle
pathologic features revealed a high frequency of necrotic
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fibers (75 patients [82.4%]; 95% CI, 73.0%-89.6%; P = .002), and
muscle inflammation was the lowest compared with the other
clusters (57 [62.6%]; 95% CI, 51.9%-72.6%; P < .001). Anti-
signal recognition particle (SRP) antibodies (23 patients [25.3%];
95% CI, 16.7%-35.5%; P < .001, which represents 95.8% of anti-
SRP-positive patients) and anti-Ku antibodies (5 [5.5%]; 95% CI,
1.8%-12.4%; P = .005) were characteristic. By positioning these
variables, cluster 2 mainly involved IMNM (53 patients [58.2%];
95% CI, 47.4%-68.5%; P < .001) and, less frequently, PM in re-
cent diagnostic criteria (21 [23.1%]; 95% CI, 14.9%-33.1%;
P <.001). In cluster 2, we also found almost all anti-3-hydroxy-
3-methylglutaryl-coenzyme A reductase (HMGCR) antibodies
(20 patients [21.9%]; 95% CI, 18.4%-40.6%; P < .001, which
represents 95.2% of anti-HMGCR-positive patients).

The third cluster included 52 of 260 patients (20.0%) and was
composed of patients 40 years or younger at diagnosis (19 of 52
patients [36.5%]; 95% CI, 23.6%-51.0%; P = .02). They harbored
skin lesion criteria (52 patients [100%]; 95% CI, 93.1%-100%;
P < .001), predominantly DM rash (46 [88.4%]; 95% CI, 76.6%-
95.6%; P < .001), heliotroperash (39[75%]; 95% CI, 61.0%-85.9%;
P <.001), shawl sign (42 [80.8%]; 95% CI, 67.5%-90.4%; P < .001),
limb edema (18 [34.6%]; 95% CI, 21.9%-49.1%; P < .001), skin ul-
cers (9 [17.3%]; 95% CI, 8.2%-30.3%; P < .001), alopecia (10
[19.2%]; 95% CI, 9.6%-32.5%; P < .001), calcinosis (5[9.6%]; 95%
CI, 3.2%-21.0%; P = .001), and panniculitis (4 [7.7%]; 95% CI,
2.1%-18.5%; P = .001). Patients in cluster 3 had severe proximal
muscle weakness, mostly affecting the deltoids (MRC5 < 3: 29
patients [55.8%]; 95% CI, 41.3%-69.5%; P = .005). In addition,
quadricep weakness was infrequent (MRC5 of 4: 27 patients
[51.9%]; 95% CI, 37.6%-65.9%; P < .001). There was less distal
muscle weakness, mainly with the finger flexors (MRC5 of 5: 39
patients [75.0%]; 95% CI, 61.0%-85.9%; P < .001). The muscle
pathologic analysis demonstrated perifascicular atrophy (29 pa-
tients [55.8%]; 95% CI, 41.3%-69.5%; P < .001) and inflamma-
tion with perivascular infiltrates (35 [67.3%]; 95% CI, 52.9%-
79.7%; P < .001) but rarely the presence of necrotic fibers (30
[57.7%]; 95% CI, 43.2%-71.3%; P < .001) or invaded fibers (9
[17.3%]; 95% CI, 8.2%-30.3%; P = .005). Anti-complex nucleo-
some remodeling histone deacetylase (Mi2) antibodies were
mainly observed in cluster 3 (10 patients [19.2%]; 95% CI, 9.6%-
32.5%; P < .001, which represents 83.3% of anti-Mi2-positive
cases) as were antinuclear antibodies (39 [75.0%]; 95% CI, 61.0%-
85.9%; P = .002). In addition, the majority of cancers were ob-
served in this cluster (11 patients [21.2%]; 95% CI, 11.0%-34.7%;
P =.02). By positioning these variables, cluster 3 regrouped
mainly patients who had DM (43 patients [82.7%]; 95% CI, 69.7%-
91.8%; P < .001). Anti-melanoma differentiation-associated pro-
tein 5 (MDAD5) (3 patients [5.8%]; 95% CI, 1.7%-21.9%; P = .02) and
anti-transcription intermediary factor-1y (TiF1y) antibody lev-
els were also specific (2 [3.8%]; 95% CI, 0.7%-18.7%; P = .04).
More long-term clinical remissions were observed in this clus-
ter (20 patients [38.5%]; 95% CI, 28.2%-57.8%; P < .001). Skin
lesion criteria, such as DM rash (including Gottron papules), he-
liotrope rash, and shawl signs, as well as perifascicular atrophy
and the presence of anti-Mi2 antibodies, were the most charac-
terizing variables in cluster 3.

The fourth cluster included 40 of 260 patients [15.4%] char-
acterized by patients who were of African origin (9 0of 40 [22.5%];
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95% CI, 10.8%-38.4%; P = .005) and 40 years or younger at di-
agnosis (15 [37.5%]; 95% CI, 22.7%-54.2%; P = .03). Cluster 4 pa-
tients presented with skin lesion criteria (32 [80.0]1%; 95% CI,
64.3%-90.9%; P < .001), and most had mechanic hands (22
[55.0%]; 95% CI, 38.5%-70.7%; P < .001). Normal or subnor-
mal muscle strength was frequently observed in proximal
muscles: deltoids (MRC5 of 5: 22 patients [55.0%]; 95% CI,
38.5%-70.7%; P < .001), psoas (MRC5 of 4: 19 [47.5%]; 95% CI,
31.5%-63.9%; P = .03), and quadriceps (MRC5 of 5: 24 [60.0%];
95% CI, 43.3%-75.1%; P < .001). Axial deficit (ie, neck flexors)
(MRCS5 of 5; 17 patients [42.5%]; 95% CI, 27.0%-59.1%; P = .001)
and distal deficit (ie, finger flexors) (31 [77.5%]; 95% CI, 61.5%-
89.1%; P < .001) were frequently normal. The CK levels were
highly elevated (7000 U/L: 15 patients [37.5%]; 95% CI, 22.7%-
54.2%; P = .02). Perivascular infiltrates were frequently ob-
served (21 patients [52.5%]; 95% CI, 36.1%-68.5%; P < .001).
Cluster 4 patients had a high frequency of MSA with a group of
antisynthetase antibodies (35 patients [87.5%]; 95% CI, 73.2%-
95.8%; P < .001), with the presence of anti-histidyl-ARN-t-
synthetase (Jol) (31 [77.5%]; 95% CI, 61.5%-89.2%; P < .001;
100% of anti-Jol-positive cases were present in this cluster). An-
ti-cytoplasmic ribonucleoprotein of 52 kDa (SSA/Ro52) (31 pa-
tients [77.5%]; 95% CI, 61.5%-89.1%; P < .001) and anti-
cytoplasmic ribonucleoprotein of 60 kDa (SSA/Ro60) (14
[35.0%]; 95% CI, 20.6%-51.7%; P < .001) antibodies were also
frequently observed. All patients presented with lung-specific
involvement (40 [100%]; 95% CI, 91.2%-100%; P < .001). Rheu-
matologic disorders, such as arthralgia and arthritis, were fre-
quently observed (36 patients [90.0%]; 95% CI, 76.3%-97.2%;
P <.001), as was Raynaud phenomenon (17 [42.5%]; 95% ClI,
27.0%-59.1%; P = .02). Cancers were very rare (1 patient [2.5%];
95% CI, 0.1%-13.1%; P = .01). By positioning the variables using
the historical classification, cluster 4 was composed mainly of
patients with PM (38 [95%]; 95% CI, 83.1%-99.4%; P < .001) and
rarely of patients with DM (2 [5.0%]; 95% CI, 0.6%-16.9%;
P <.001). All patients with DM in cluster 4 were anti-MDA5 an-
tibody positive. With use of MSA, cluster 4 was mainly com-
posed of patients with antisynthetase syndrome (36 [90%]; 95%
CI, 76.3-97.2; P < .001). Anti-threonine-ARN-t-synthetase (PL7)
antibodies were distinguished in cluster 4 (3 patients [7.5%]; 95%
CI, 1.5%-20.4%; P = .02). Diffuse interstitial lung disease was fre-
quently observed (34 patients [85.0%]; 95% CI, 70.1%-94.3%;
P < .001). Many relapses were observed (28 patients [70.0%];
95% CI, 55.1%-84.9%; P < .001). The presence of antisynthe-
tase antibodies (35 patients 87.5%) with the presence of anti-
Jol and mechanic hands, characterized cluster 4.

Prediction of Clusters With Classification

and Regression Tree

The best tree was obtained by removing variables related to
muscle biopsy (eTable 5 and eFigures 4 and 5 in the Supple-
ment), with 78.4% correct estimation using only the follow-
ing 3 variables: DM rash (including Gottron papules), antisyn-
thetase syndrome antibodies, and finger flexor scores of 3 or
less (Figure 2). The classification quality of the tree was ap-
preciated on the basis of all classification criteria, with an over-
all sensitivity of 77.0% (95% CI, 0.7%-0.8%) and a specificity
0f 92.0% (95% CI, 0.9%-0.9%).
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Figure 2. Pruned Model of Prediction Without Histology Criteria

209 Patients selected for
training set

l—‘—l

161 No DM rash 48 DM rash
38 Cluster 3
6 Cluster 4
4 Cluster 2

| }

132 Antisynthetase syndrome 29 Antisynthetase syndrome
antibody negative antibody positive
26 Cluster 4
3 Cluster 2

! )

48 Finger flexors MRC5 <3 84 Finger flexors MRC5 >3
41 Cluster 1 56 Cluster 2
6 Cluster 2 22 Cluster 1
1 Cluster 3 4 Cluster 3
2 Cluster 4

A pruned model was built (ie, by cutting terminal branches, a number of smaller
and less complex trees was derived from the maximal previous tree)
(information on the tree is given in the Statistical Analysis subsection of the
Methods section). Dermatomyositis (DM) rash includes Gottron papules,
periungual erythema, purplish rash, holster sign, and eruption on the dorsal
hands. MRC5 indicates Medical Research Council 5-point scale (scale of O to 5
with lower numbers indicating more weakness).

External Validation

An independent set of patients (n = 50) in the myositis data-
base, taken from different centers of the French myositis net-
work, were used for external validation of our model. These
patients fell into the 4 previously described clusters; the agree-
ment between the 2 classification runs was excellent (Cohen
k light, 0.83; 95% CI, 0.65-0.96).

|
Discussion

This study identified 4 clusters emerging from unsupervised
analysis. Each group corresponded to well-known entities, such
as DM, IBM, IMNM, and antisynthetase syndrome. No unknown
entity was revealed. The classification aggregated patients into
subgroups based on epidemiologic, clinical, biological, serologic,
and morphologic data. The decisional algorithm showed that
MSA played a key role in estimating the connection to a cluster,
whereas the pathologic data were dispensable.

To our knowledge, no study of a large group of patients with
IIM seeking to establish subgroups without a priori knowledge
has been performed. Of note, patients with IBM were also in-
cluded, even if they could have been considered as a separate
entity (based on degenerative characteristics).”!®° They be-
longed to IIM and may have shared common features with pa-
tients with PM.2° On the basis of the historical definition, pa-
tients with PM were present in the 4 clusters but mainly in
clusters 2 (IMNM) and 4 (antisynthetase syndrome). This find-
ing indicates that patients with PM do not represent a sub-
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group of patients and use of this term should probably be dis-
continued. Although the 4 clusters identified were associated
with well-known entities, we identified new characteristics. The
phenotypes of patients in cluster 1 matched with IBM?2% with
regard to sociodemographic features (male, white, and older age
at diagnosis), severe limb involvement (finger flexors and quad-
riceps), and typical histologic features (vacuolated fibers and
mitochondrial abnormalities). For cluster 2, the pathologic char-
acteristics of muscle (the absence of inflammation, with mainly
necrosis) and the serologic markers (anti-SRP and anti-
HMGCR antibodies) are associated with the definition of IMNM.”
As previously reported,?42° those patients had lower limb in-
volvement (psoas [MRC5 = 3] whereas there was no involve-
ment in the quadriceps) that was more severe than for patients
in the other 3 clusters. Patients in cluster 3, corresponding to
DM (based on the skin change?), had more severe involvement
of the upper limbs (deltoids [MRCS5 < 3]). Finally, patientsin clus-
ter 4, corresponding to antisynthetase syndrome, appeared to
be a group distinct from those with DM, although antisynthe-
tase syndrome was still frequently considered to be an entity
overlapping with DM or PM'°!2 based on clinical criteria
(Gottron papules and mechanic hands) or pathologic criteria
(perifascicular atrophy). Antisynthetase syndrome was the least
severe disease for muscle deficits, whereas CK levels were the
most elevated with IMNM.

Our study was complementary to the work of Lundberg
et al?® that aimed to respond to the question, “Does this
patient suffer from a myositis?” whereas we aimed to stress
the question, “What kind of myositis does the patient have?”
American College of Rheumatology/European League Against
Rheumatism diagnosis criteria defined a novel probability-
score model to diagnose patients with IITM from among a group
of patients with myositis and without myositis. If they also
aimed to classify the major subgroups of patients with IIM using
a classification tree approach, they acknowledged a limited
number of IMNM cases in their study,?” which explains why
they only predicted 3 subgroups of IIMs: DM (including juve-
nile and amyopathic subgroups), PM, and IBM. Our study com-
pleted the American College of Rheumatology/European
League Against Rheumatism classification criteria by show-
ing the presence of 4 entities comprising the IIM group. We did
not define diagnosis criteria. The decisional algorithm was used
to highlight the most relevant variables estimating the appur-
tenance to a subgroup but was not designed for clinical prac-
tice. We recommend the use of the established diagnosis cri-
teria for these 4 IIM subgroups.®-23-?”-28 The algorithm showed
that MSA were crucial for IIM classification and were prob-
ably more relevant than morphologic data in a large number
of cases (eFigure 5 in the Supplement).

We noted that MSA known to be associated with IIM
subgroups!®!*>-29 fell into the corresponding clusters. This em-
phasizes that muscle biopsy may no longer be necessary for
diagnosis of IIM in patients with MSA and corresponding phe-
notypes. Dermatologists and pneumologists already do not
consistently perform a muscle biopsy when the clinical phe-
notype and MSA are clinical characteristics. In addition, the
latest definition of IMNM showed that muscle biopsy isno lon-
ger required to diagnose IMNM in the presence of either anti-
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SRP or anti-HMGCR antibodies.?* For all situations with non-
evocative phenotypes or the absence of MSA, muscle biopsy
analysis remains warranted. Together, those data also sug-
gest that IIM subgroup diagnosis criteria could be refined using
MSA as a key element (eg, for DM diagnosis criteria).

Limitations

Although the external validation confirmed the classification
in 4 subgroups among IIM, the number of patients included
remains small (n = 50). Moreover, the classification was built
with only 5 MSA (those tested in all patients) and needed to
be amended and made accurate with a large collection of the
new MSA, notably for the seronegative patients. The algo-
rithm created with the classification tree cannot be applied to
patients without myositis. It remains an epidemiologic tool in

Original Investigation Research

intrasyndromic patients to identify the best predictors of the
subgroups. The prediction rates of the subgroups did not reach
100% but an optimal and parsimonious model with minimal
elements was presented, taking in account the best predic-
tion rates and reduction of overlapping between subgroups.

.|
Conclusions

This study highlighted the characteristics of IIM subgroups,
and the classification and regression trees method showed the
variables to predict the adjoining group but did not define
diagnostic criteria. Finally, these findings suggest the associa-
tion of this new classification with prognosis and new thera-
peutic approaches in IIM warrants further study.
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