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Abstract
Objective
To refine the predictive significance of muscle granuloma in patients with myositis.

Methods
A group of 23 patients with myositis and granuloma on muscle biopsy (granuloma-myositis)
from 8 French and Belgian centers was analyzed and compared with (1) a group of 23 patients
with myositis without identified granuloma (control-myositis) randomly sampled in each
center and (2) a group of 20 patients with sporadic inclusion body myositis (sIBM) without
identified granuloma (control-sIBM).

Results
All but 2 granuloma-myositis patients had extramuscular involvement, including signs common
in sarcoidosis that were systematically absent in the control-myositis and the control-sIBM
groups. Almost half of granuloma-myositis patients matched the diagnostic criteria for sIBM. In
these patients, other than the granuloma, the characteristics of the myopathy and its non-
response to treatment were similar to the control-sIBM patients. Aside from 1 patient with
myositis overlapping with systemic sclerosis, the remaining granuloma-myositis patients did
not match the criteria for a well-defined myositis subtype, suggesting pure sarcoidosis.
Matching criteria for sIBM was the sole feature independently associated with nonresponse to
myopathy treatment in patients with granuloma-myositis.

Conclusion
Patients with granuloma-myositis should be carefully screened for sIBM associated with sar-
coidosis in order to best tailor their care.
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Institut de Physiologie EA 3072, Service de Physiologie et d’Explorations Fonctionnelles (B.G., A.M.), Hôpitaux Universitaires de Strasbourg; Département de Médecine Interne et
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Myositis encompasses a heterogeneous group of diseases,
some of which have been defined on the basis of clinical,
serologic, and histopathologic characteristics. These well-
defined myositis subgroups include dermatomyositis (DM),
overlap myositis (OM), necrotizing autoimmune myopathy
(NAM), polymyositis (PM), and sporadic inclusion body
myositis (sIBM).1,2 Their identification is fundamental be-
cause each of these distinct disorders has a different prognosis
as well as a different response to therapy.3

Noncaseating granulomas can be observed in different tis-
sues in a wide range of diseases. The diagnosis of sarcoidosis
is retained when no alternative cause is found.4 Patients
with sarcoidosis frequently have muscle pain, exercise in-
tolerance, and weakness5 that can result from high circu-
lating levels of tumor necrosis factor–α, corticosteroid
treatments, or deconditioning.6 Only 0.5%–2.3% present
evidence of myositis (muscle weakness, increased serum
creatine kinase [CK] activity, myopathic changes on EMG,
or histologic lesion of muscle fibers).7 Myositis response to
immunomodulatory treatment in these patients has been
reported to be unpredictable.8 Myopathy is considered as
part of the clinical spectrum of sarcoidosis.4 However, in
some patients, myopathy has been reported to be related to
sIBM, which may be misdiagnosed as sarcoid myopathy, as
described in case reports and short series (<4 patients).9,10

Granuloma within the muscle has also been more rarely
reported in other well-definedmyositis cases.11 Because each
of these conditions requires specifically tailored manage-
ment, there is a need to refine the significance of granuloma
in patients with myositis. This study was thus undertaken to
identify homogeneous groups of patients with myositis with
granuloma in muscle and to search for predictors of muscle
response to treatment.

Methods
Patients, study design, and data collection
Patients were diagnosed with myositis if they met the 2017
European League Against Rheumatism/American College of
Rheumatology (EULAR/ACR) diagnostic criteria.12 Patients
were subsequently diagnosed with granuloma-myositis if they
had myositis and (1) had undergone muscle biopsy with non-
caseating granuloma (on pathology report description, verified
by a second review of the pathology), defined as a compact
circumscribed cluster of epithelioid and multinucleated histio-
cytes without necrosis as revealed by hematoxylin & eosin
staining; and (2) had no evidence of infection or primary im-
munodeficiency that might cause granuloma formation.4

Granuloma-myositis patients were first identified among the
Strasbourg University Hospital cohort of 509 patients with
myositis. All practitioners registered on MyositEst (a network
for myositis in Eastern France), the Club Rhumatisme et
Inflammation (a national network for rare autoimmune dis-
eases), and the French myositis network were also contacted
by electronic letters and asked to report their observations
(a total of ≈1,500 physicians).

Twenty-three patients with myositis without granuloma
identified during the follow-up were randomly selected (no
age or sex matching) in participating centers and included as
controls (control-myositis group). An additional group of 20
patients matching 2017 EULAR/ACR criteria for myositis
and subclassified as sIBM was also included (control-sIBM).
The European Neuromuscular Centre (ENMC) 201313 and
Lloyd et al.14 criteria were used to confirm the diagnosis of
sIBM, because these criteria have been shown to exhibit the
best performance for the diagnosis of this disease.

For all patients, clinical, biological, and histologic data as well as
treatments were systematically recorded using a standardized
questionnaire. Dysphagia was defined as pharyngeal or esoph-
ageal signs when eating or drinking (e.g., difficulty swallowing
solids or liquids, food sticking in throat, coughing while eat-
ing).15 The presence of anti-Jo1 and anti-U1-RNP was tested at
time of diagnosis in all patients (EuroImmun, Lübeck, Ger-
many; D-TEK, Mons, Belgium; or Alphadia, Wavre, Belgium,
depending on the center). The presence of the following 18
additional autoantibodies specific to or associated with in-
flammatorymyopathies was further tested in available sera: anti-
NT5c1A (EuroImmun); anti-HMGCR, anti-Mi2, anti-MDA5,
anti-NXP2, anti-Tifanti-1γ, anti-SAE (D-TEK); anti-SRP, anti-
PL7, anti-PL12, anti-EJ, anti-OJ, anti-KS, anti-Zo, anti-Ha,
anti-Ku, anti-PM/Scl (Alphadia); and anti-AMA2 (Medical
Diagnostic, La Verne, CA). Thereafter, patients were catego-
rized as DM,OM,NAM, PM, or sIBMusing available criteria.1,2

Patients who did not match the criteria for 1 of these myositis
subtypes were recorded as “without categorizable myositis.”
Patients were classified as responders to myopathy treatment if
they normalized their strength and CK activity or improved at
least 1 full Medical Research Council grade in 2 proximal and 2
distal muscles in the arms and legs if they did not normalize.
Patients were otherwise classified as nonresponders.

Standard protocol approvals, registrations,
and patient consents
This study was approved by the ethics committee of the
Strasbourg University Hospital (no. 2017-55).

Glossary
CK = creatine kinase;DM = dermatomyositis; ENMC = European Neuromuscular Centre; EULAR/ACR = European League
Against Rheumatism/American College of Rheumatology; NAM = necrotizing autoimmune myopathy; OM = overlap
myositis; PM = polymyositis; sIBM = sporadic inclusion body myositis.
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Statistical analysis
Data are presented as median (range) or frequency (%) with
95% confidence intervals. Continuous variables were analyzed
using 2-tailed Mann-Whitney U test (for 2-group compar-
isons) or Kruskal-Wallis test (for multiple groups compar-
isons). Categorical variables were compared using Fisher
exact test. Statistical significance was defined as p < 0.05.
Multivariate analysis using ridge logistic regression was used
for factors with a p value <0.10 in univariate analysis in order
to identify predictable factors of muscle response to treat-
ment. Agreement was assessed with Cohen κ. Statistical
analyses were performed using GraphPad PRISM V.5 and
JMP 7.0.

Data availability
Anonymized data not published within the article will be
shared upon request from any qualified investigator.

Results
Twenty-six patients with myositis with granuloma were
studied. Three patients were excluded due to uncertain
granuloma (n = 1), insufficient available clinical data (n = 1),
and alternative cause for granuloma (n = 1; disseminated
bacillus Calmette-Guérin disease). Thus 23 patients with
myositis and granuloma (granuloma-myositis) were included
(figure 1). The female/male ratio was 0.8 (10/13), age at
myositis diagnosis was 60 years (range 28–81), and follow-up
was 46 months (range 2–457).

Granuloma-myositis patients feature systemic
signs of granulomatosis
Extramuscular granulomas were found in 52% of patients
between 120 months before and 40 months after myositis
diagnosis (median delay 16 months before diagnosis). In 17%

of granuloma-myositis patients, granulomas were found in
more than 2 organs.

Overall, extramuscular symptoms were reported in all but 2
patients with granuloma vs 86% in the control-myositis group
(p = 1.0). Granuloma-myositis patients had 10-fold more
frequent nodes than control-myositis patients (39% vs 4%
p = 0.01) and one third presented sarcoid-like extramuscular
signs that were otherwise systematically absent in the control-
myositis group, namely cutaneous sarcoidosis (n = 2), erythema
nodosum (n = 2), granulomatous hepatitis (n = 2), tubule-
interstitial nephropathy (n = 2), and anterior uveitis (n = 1). In
addition, 48% of the granuloma-myositis patients presented
biological signs of granulomatosis (i.e., hypercalcemia or in-
creased angiotensin-converting enzyme) vs none in the control-
myositis group (p = 0.0002).

Almost half of patients with myositis with
granuloma matched the criteria for sIBM and
did not respond to treatment
A total of 10 (43%) granuloma-myositis patients matched the
ENMC criteria for sIBM,12 which was higher compared to the
control-myositis group. sIBM diagnosis was clinicopatholog-
ically defined (n = 4), clinically defined (n = 4), and probable
(n = 2). Representative muscle pathologic findings are shown
in figure 2.

Comparison among (1) granuloma-myositis patients match-
ing ENMC criteria for sIBM (n = 10), (2) the remaining
patients of the granuloma-myositis group (n = 13), and (3)
the sIBM control group (n = 20) is shown in table 1. In
accordance with sIBM diagnosis, patients with myositis with
granuloma matching ENMC diagnostic criteria for this dis-
ease were more frequently men (F/M ratio: 4/6), with a 31-
month (range 12–240) delay between weakness onset and

Figure 1 Patient inclusion

BCG = bacillus Calmette-Guérin; sIBM = sporadic inclusion body myositis.
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diagnosis of myositis, suggesting a slow progression of the
disease. In addition, most of these patients (60%) experienced
dysphagia. All of these findings were in contrast to the findings
recorded in granuloma-myositis patients without ENMC
criteria for sIBM while being similar to the findings recorded
in the sIBM control group. Moreover, in this group matching
ENMC criteria, anti-cN1A antibodies were found in more
than one third of the tested patients, while the 19 other
autoantibodies associated with myositis tested negative. Fi-
nally, when performed, MRI of the lower limbs revealed
muscle lesions (including edema, atrophy, and fatty in-
filtration) that were most commonly found in the quadriceps

(3/5, 60%, prevailing involvement of vastus lateralis and
medialis with relative sparing of the rectus femoris: 2/3) and
the gastrocnemius muscles (3/5, 60%) of granuloma-myositis
patients matching ENMC criteria for sIBM (figure 3). This
distribution matched the distribution reported in sIBM.16,17

Altogether, these features strongly support the diagnosis of
sIBM in granuloma-myositis patients matching ENMC cri-
teria for this disease.

However, all granuloma-myositis patients matching ENMC
criteria for sIBM also had extramuscular involvements that
were compatible with systemic granulomatosis including in-
terstitial pneumonia (n = 4, 40%), nodes (n = 4, 40%), ar-
thralgia (n = 3, 30%), interstitial nephritis (n = 1, 10%), and
anterior uveitis (n = 1, 10%). Importantly, aside from ar-
thralgia in 1 patient, these manifestations were not present in
the sIBM control group. This indicates that these granuloma-
myositis patients had sIBM associated with sarcoidosis.

All of the granuloma-myositis patients matching ENMC cri-
teria for sIBM were treated with corticosteroids (n = 10),
methotrexate (n = 10), IV immunoglobulins (n = 4), anti–
tumor necrosis factor drug (n = 3), mycophenolate mofetil
(n = 2), hydroxychloroquine (n = 2), or cyclophosphamide
(n = 1) due to suspicion of muscle sarcoidosis. Despite
a higher number of immunomodulatory drugs compared to
both the control-myositis group (2.2 ± 0.4 vs 1.3 ± 0.2,
p = 0.08) and the remainder of the granuloma-myositis group
(table 1, p = 0.2), only 1 granuloma-myositis patient matching
ENMC criteria for sIBM attainedmuscle improvement (albeit
without normalization of muscle strength and serum CK ac-
tivity). This nonresponse to myopathy treatment was in
contrast with the granuloma-myositis patients who did not
match ENMC criteria for sIBM, but conversely similar to the
control sIBM patients who received immunomodulatory
treatment before sIBM diagnosis (p < 0.0001).

To test whether these results were maintained when applying
other sets of diagnostic criteria for sIBM, the criteria proposed
by Lloyd et al.14 were also used. As shown in table 2, agree-
ment between Lloyd et al.14 and ENMC criteria was excellent
in granuloma-myositis patients (κ = 0.82 ± 0.12). Both the
Lloyd et al.14 and ENMC criteria yielded the same rate of
sIBM in granuloma-myositis patients, with the Lloyd et al.14

criteria further confirming the above results.

Other granuloma-myositis patients generally
did not match criteria for a well-defined
myositis and responded to treatment
Aside from 1 granuloma-myositis patient with myositis
overlapping with systemic sclerosis (skin thickening proximal
to the metacarpophalangeal joints and anti-Ku antibodies),18

the remaining 57% of granuloma-myositis patients who did
not match the criteria for sIBM also did not match the criteria
for any other well-defined myositis subtype, thereby sug-
gesting pure sarcoidosis. One patient had anti-AMA2 with-
out evidence of primary biliary cirrhosis, while the other

Figure 2 Representative histologic, histochemical, and im-
munohistochemical findings in muscle tissue of
granuloma-myositis patients

Hematoxylin & eosin (H&E) staining in paraffin-embedded sections shows
endomysial noncaseating granuloma in a patient who did not match (A) and
a patient who matched (B) European Neuromuscular Centre (ENMC) criteria
for sporadic inclusion body myositis (sIBM): compact circumscribed cluster
of epithelioid and multinucleated histiocytes (arrows) without necrosis. C–H
are representative findings from granuloma-myositis patients whomatched
ENMC criteria for sIBM. H&E frozen sections show muscle fibers atrophy (C,
D), endomysial inflammatory infiltrate surrounding non-necrotic muscle
fibers (C), and rimmed vacuoles (D, arrowheads). Upregulation of major
histocompatibility complex I is noted in all muscle fibers (E). Cytochrome c
oxidase–negative muscle fibers are noted (F, asterisks). Sarcoplasmic ex-
pression of TDP-43 (G) and p62 proteins (H) is noted.
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Table 1 Characteristics of patients with granuloma-myositis using European Neuromuscular Centre (ENMC) criteria for
sporadic inclusion body myositis (sIBM)

With ENMC criteria
for sIBM (n = 10)

Without ENMC criteria
for sIBM (n = 13)

Control sIBM
group (n = 20) pa

Sex ratio (F/M) 0.7 (4/6) 0.9 (6/7) 0.7 (8/12) 0.9

Age at myositis diagnosis, y 58 (45–72) 65 (28–81) 62 (46–82) 0.7

Follow-up, mo 57 (2–457) 34 (2–118) 44 (22–65) 0.2

Muscle features

Time from weakness onset to diagnosis, mo 31 (12–240) 10 (2–108) 30 (4–64) 0.04

Deep finger flexor weakness (recorded/assessed, %) 8/10 (80) 3c/13 (23) 13/16 (82) 0.002

Myalgia, n (%) 5 (50) 6 (46) 7 (35) 0.7

Amyotrophy, n (%) 6 (60) 4 (31) 12 (60) 0.5

Dysphagia, n (%) 6 (60) 1 (8) 8 (40) 0.02

Axial weakness, n (%) 2 (20) 3 (23) 2 (10) 0.6

CK, U/L 312 (90–1,170) 321 (52–2,500) 380 (75–3,920) 0.9

Muscle biopsy, n (%) 10 (100) 13 (100) 20 (100)

Endomysial inflammatory infiltration 9 (90) 8 (62) 19 (95) 0.03

Fiber atrophy 7 (70) 5 (38) 18 (90) 0.007

Fiber necrosis 3 (30) 4 (31) 10 (50) 0.6

Rimmed vacuoles 4 (40) 0 12 (60) 0.002

Upregulation of MHC class I (recorded/assessed, %) 6/10 (60) 5/13 (38) 10/15 (67) 0.3

COX -negative fibers (recorded/assessed, %) 4/10 (40) 1/9 (11) 7/20 (35) 0.3

Protein accumulation (TDP 43 and/orP62) or 15- to 18-nm
tubulofilaments (recorded/assessed, %)

5/8 (63) 1/5 (20) 7/11 (64) 0.2

Myositis autoantibodies (specific or associated), n (%)b

Anti-cN1A (recorded/assessed, %) 3/8 (38) 0/8 NA —

Anti-Ku 0/9 1/12 (8) 0/15 —

Antimitochondrial antibodies 0/9 1/12 (8) 0/12 —

Other 17 myositis-specific or associated autoantibodiesb 0/9 0/12 0/15 —

Extramuscular features, n (%)

Features found in granulomatous myositis, but not in
classical cases of sIBM

10 (100) 11 (85) 1 (5) <0.0001

Clinical signs 10 (100) 11 (85) 1 (5) <0.0001

Arthralgia 3 (30) 5 (38) 1 (5) 0.06

Interstitial pneumonia 4 (40) 7 (54) 0 0.001

Nodes 4 (40) 5 (38) 0 0.007

Cutaneous granulomatosis/erythema nodosum 0 4 (31) 0 —

Granulomatous hepatitis 0 2 (15) 0 —

Interstitial nephritis 1 (10) 1 (8) 0 —

Anterior uveitis 1 (10) 0 0 —

Continued
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autoantibodies associated with well-defined myositis tested
negative in available serum from this group. As shown in table
1, as compared with patients matching the ENMC criteria for
sIBM, these patients more frequently had specific signs of
granulomatosis, especially sarcoid-like skin lesions (31% vs 0).
Granulomas were more often found in more than 1 organ in
this group (61% vs 20%). These patients received cortico-
steroids (n = 12), methotrexate (n = 9), mycophenolate
mofetil (n = 2), azathioprine (n = 2), hydroxychloroquine (n
= 2), or cyclophosphamide (n = 1). The proportion of
patients who reached the definition of muscle improvement at

last follow-up in this group did not differ from the patients in
the control-myositis group (77% vs 70%, p = 1.0).

The above results remained unchanged when the Lloyd et al.14

criteria were applied for the diagnosis of sIBM (table 2).

Matching criteria for sIBM independently
predicts a poormuscle response in granuloma-
myositis patients
In the overall granuloma-myositis population, approximately
half of the patients had muscle response to treatment vs 70%

Table 1 Characteristics of patients with granuloma-myositis using European Neuromuscular Centre (ENMC) criteria for
sporadic inclusion body myositis (sIBM) (continued)

With ENMC criteria
for sIBM (n = 10)

Without ENMC criteria
for sIBM (n = 13)

Control sIBM
group (n = 20) pa

Biological signs 5 (50) 7 (54) 0 0.0007

Hypercalcemia 3/10 (30) 2/12 (17) 0 0.04

Increased ACE 2/8 (25) 6/10 (60) 0 0.0007

Cancer 1 (10) 0 2 (10) —

Treatment

No. of immunomodulators 2.2 (±0.4) 1.4 (±0.3) 2.0 (±0.8) 0.3

Response to treatment, n (%) 1 (10) 10 (77) 1/6d (16) <0.002

Abbreviations: ACE = angiotensin-converting enzymeblood level; CK = creatine kinase blood activity; COX = cytochrome c oxidase histochemical staining;MHC
= major histocompatibility complex; NA = not available.
a Difference among the 3 groups using χ2 test for categorical variables and Kruskal-Wallis test for quantitative variables.
b Anti-Jo1 and anti-U1 RNPwas assessed in all patients. All the additional followingmyositis-associated autoantibodies were assessed in 21 patients: anti-PL7,
anti-PL12, anti-EJ, anti-OJ, anti-KS, anti-Zo, anti-Ha, anti-Mi2, anti-MDA5, anti-NXP2, anti-Tif-1γ, anti-SAE, anti-Ku, anti-PM/Scl, anti-SRP, anti-HMGCR.
c COX, TDP43, and P62 staining were available in these 3 patients. A patient did not match ENMC criteria for sIBM because of age at symptom onset before 45
years (40 years) although he had several of the other ENMC features of sIBM (notably weakness prevailing on knee extension and finger flexion, endomysial
infiltrate invading nonnecrotic muscle fibers, COX-negative fibers, positive staining for P62 and TDP43; no rimmed vacuole was found). The patient matched
the Lloyd et al.14 criteria for sIBM (see also table 2). The 2 other patients had less-pronounced finger flexion weakness than shoulder abductionweakness and
they did not match the Lloyd et al.14 criteria.
d Six patients were treated with immunomodulators before sIBM diagnosis.

Figure 3 Representative MRI findings in the lower limbs from a granuloma-myositis patient who matched European
Neuromuscular Centre criteria for sporadic inclusion body myositis

T1-weighted (left panels) and short tau inversion
recovery sequences (right panels) are shown. (A)
No muscle lesion is shown in the pelvis. (B) At-
rophy (arrowhead), fatty infiltration (arrow), and
edema (asterisk) of the distal part of the vastus
lateralis, with relative sparing of the posterior
part of the upper legs. (C) Atrophy (arrowhead),
fatty infiltration (arrow), and edema (asterisk) of
the muscles of the posterior part of the lower
legs with relative sparing of the anterolateral
part of the lower legs. The medial parts of the
gastrocnemius muscles are severely affected.
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Table 2 Characteristics of patients with granuloma-myositis using the Lloyd et al.14 criteria for sporadic inclusion body
myositis (sIBM)

With Lloyd et al.14

criteria for sIBM (n = 10)
Without Lloyd et al.14

criteria for sIBM (n = 13)
Control sIBM
group (n = 20) pa

Sex ratio (F/M) 0.4 (3/7) 1.2 (7/6) 0.7 (8/12) 0.8

Age at myositis diagnosis, y 56 (40–72) 65 (28–81) 62 (46–82) 0.7

Follow-up, mo 55 (2–457) 34 (2–118) 44 (22–65) 0.3

Muscle features

Time from weakness onset to diagnosis, mo 24 (4–240) 11 (2–108) 30 (4–64) 0.06

Deep finger flexor weakness (recorded/assessed, %) 8/10 (80) 3/13 (23) 13/16 (82) 0.002

Myalgia, n (%) 6 (60) 5 (38) 7 (35) 0.4

Amyotrophy, n (%) 6 (60) 4 (31) 12 (60) 0.5

Dysphagia (recorded/assessed, %) 6 (60) 1 (8) 8 (40) 0.02

Axial weakness, n (%) 2 (20) 3 (23) 2 (10) 0.6

CK, U/L 342 (90–1,170) 217 (52–2,500) 380 (75–3,920) 0.9

Muscle biopsy, n (%) 10 (100) 13 (100) 20 (100)

Endomysial inflammatory infiltration 10 (100) 7 (54) 19 (95) 0.02

Fiber atrophy 8 (80) 4 (31) 18 (90) 0.001

Fiber necrosis 4 (40) 3 (23) 10 (50) 0.3

Rimmed vacuoles 4 (40) 0 12 (60) 0.002

Upregulation of MHC class I 7/10 (70) 4/13 (31) 10/15 (67) 0.09

COX-negative fibers (recorded/assessed, %) 5/10 (50) 0/9 7/20 (35) 0.02

Protein accumulation (TDP 43 or P62) or 15- to 18-nm
tubulofilaments (recorded/assessed, %)

6/8 (75) 0/5 7/11 (64) 0.2

Myositis autoantibodies (specific or associated), n (%)b

Anti-cN1A (recorded/assessed, %) 3/7 (43) 0/9 NA —

Anti-Ku 0 1/12 (8) 0/15 —

Antimitochondrial antibodies 0 1/12 (8) 0/12 —

Other 17 myositis-specific or associated
autoantibodiesb

0/9 0/12 0/15 —

Extramuscular features, n (%)

Features found in granulomatousmyositis, but not in
classical cases of sIBM

10 (100) 11 (85) 1 (5) <0.0001

Clinical signs 10 (100) 11 (85) 1 (5) <0.0001

Arthralgia 3 (30) 5 (38) 1 (5) 0.06

Interstitial pneumonia 5 (50) 6 (46) 0 0.001

Nodes 4 (40) 5 (38) 0 0.007

Cutaneous granulomatosis/erythema nodosum 1 (10) 3 (23) 0 —

Granulomatous hepatitis 1 (10) 1 (8) 0 —

Interstitial nephritis 0 2 (15) 0 —

Anterior uveitis 1 (10) 0 0 —

Continued
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of the control-myositis patients (p = 0.1). As shown in table 3,
nonresponder granuloma-myositis patients featured a longer
delay from symptoms to diagnosis (27 vs 12, p = 0.08) and
more frequently matched ENMC criteria for sIBM (75% vs
9%, p = 0.003), had COX-negative fibers (42% vs 0, p = 0.1),
and had anti-cN1A autoantibodies (38% vs 0, p = 0.2). In
multivariate analysis, matching ENMC criteria for sIBM was
the sole feature independently associated with nonmuscular
response to treatment (p < 0.001). The same result was
obtained when the Lloyd et al.14 criteria were applied.

Discussion
Response to sarcoidosis myopathy treatment has been
reported to be variable and unpredictable.8 Although there are
no universally accepted criteria for sarcoidosis, all of our
patients matched the criteria proposed by Valeyre et al.4 In-
deed, all had signs compatible with this disease, together with
histopathologic demonstration of noncaseating granuloma in
at least 1 organ and no alternative disease known to cause
granuloma. Our data, based on the largest series of patients
with myopathy and granulomatosis, demonstrated that these
patients encompass a heterogeneous group of inflammatory
muscle diseases whose identification predicts whether they
respond to treatment or not: fulfilling the sIBM criteria was
the sole factor associated with the absence of muscle im-
provement in granuloma-myositis patients.

Most importantly, our data demonstrate that granuloma-
myositis patients frequently had sIBM. About half of our
granuloma-myositis patients met the criteria for this disease,
whether using the ENMC or Lloyd et al.14 criteria, the 2 best-
performing criteria reported to date.12 Moreover, aside from
granuloma, clinical, pathologic, serologic, and MRI charac-
teristics of the myopathy as well as its nonresponse to

treatment were similar to those in patients with sIBM without
granuloma. Moreover, the proportion of granuloma-myositis
patients matching the criteria for sIBMwho tested positive for
anti-cN1A antibodies was similar to that previously reported
in a sIBM population.19 In addition, the distribution of MRI
muscle lesions found in these granuloma-myositis patients
matched the pattern of muscle involvement reported in
sIBM.16,17

sIBM is frequently associated (up to 33%) with other
immune-driven diseases20 and has been described in con-
junction with sarcoidosis in case reports.9,10 Extramuscular
symptoms including joint, lung, nodes, ocular, and kidneys
were observed in all our granuloma-myositis patients match-
ing sIBM criteria. Such extramuscular involvements were not
recorded in sIBM without granuloma but are nonetheless
frequent in sarcoidosis. This indicates that these granuloma-
myositis patients had sIBM associated with sarcoidosis. The
pathomechanisms that link sIBM and granuloma were not
revealed by our study.

Aside from the above granuloma-myositis patients meeting
the sIBM criteria, the other half of our patients presented
a form of myositis that could not be classified in a well-defined
myositis group aside from exhibiting sarcoidosis. Moreover,
the majority of these patients had extramuscular signs sug-
gestive of sarcoidosis and uncommon for other myositis types.
These features suggest that these patients likely had pure
muscle sarcoidosis. The proportion of response to myopathy
treatment in this group did not differ from that of the control-
myositis group.

Antimitochondrial antibodies have been variably associated
with muscle granuloma (0%–25%) and cardiac involvement
(30%–40%) in patients with myositis.21,22 In the present

Table 2 Characteristics of patients with granuloma-myositis using the Lloyd et al.14 criteria for sporadic inclusion body
myositis (sIBM) (continued)

With Lloyd et al.14

criteria for sIBM (n = 10)
Without Lloyd et al.14

criteria for sIBM (n = 13)
Control sIBM
group (n = 20) pa

Biological signs 5 (50) 7 (54) 0 0.0007

Hypercalcemia 3/10 (30) 2/12 (17) 0 0.04

Increased ACE 2/8 (25) 6/10 (60) 0 0.0007

Cancer 1 (10) 0 2 (10) —

Treatment

No. of immunomodulators 2.1 (±0.4) 1.4 (±0.3) 2.0 (±0.8) 0.4

Response to treatment, n (%) 1 (10) 10 (77) 1/6c (16) <0.002

Abbreviations: ACE = angiotensin-converting enzymeblood level; CK = creatine kinase blood activity; COX = cytochrome c oxidase histochemical staining;MHC
= major histocompatibility complex; NA = not available.
All the following additional myositis-associated autoantibodies were assessed in 21 patients: anti-PL7, anti-PL12, anti-EJ, anti-OJ, anti-KS, anti-Zo, anti-Ha, anti-
Mi2, anti-MDA5, anti-NXP2, anti-Tif-1γ, anti-SAE, anti-Ku, anti-PM/Scl, anti-SRP, anti-HMGCR.
a Difference among the 3 groups using χ2 test for categorical variables and Kruskal-Wallis test for quantitative variables.
b Anti-Jo1 and anti-U1 RNP antibodies were assessed in all patients.
c Six patients were treated with immunomodulators before sIBM diagnosis.
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cohort, anti-AMA2 was positive in 1 out of 20 granuloma-
myositis patients (5%). This patient did notmatch the criteria for
a well-defined myositis and had no cardiac involvement. None
of the 19 control-myositis patients had anti-AMA2 (p = 0.5).

Early diagnosis and treatment of symptomatic sarcoidosis
improves the prognosis of these life-threatening conditions.23

Conversely, immunomodulating agents are not effective and
may exacerbate the risk of progression of disability in patients

with sIBM.24 In conjunction with the above, the present data
indicate that granuloma-myositis patients should be carefully
screened for sIBM associated with sarcoidosis in order to best
tailor their care.
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Table 3 Predictive factors of muscular response in patients with granuloma-myositis

Responders
(n = 11)

Nonresponders
(n = 12)

Univariate
analysis, pa

Multivariate
analysis 1, pb

Multivariate
analysis 2, pb

Sex (F/M) 6/5 4/8 0.5 — —

Age at myositis diagnosis, y 65 (44–77) 58 (28–81) 0.8 — —

Time from weakness onset to diagnosis, mo 12 (2–108) 27 (4–240) 0.08 — —

sIBM according to ENMC criteria, n (%)c 1 (9) 9 (75) 0.003 <0.001 —

sIBM according to Lloyd et al.14 criteria, n (%)c 1 (9) 9 (75) 0.003 — <0.001

Amyotrophy, n (%) 4 (36) 6 (50) 0.7 — —

Deep finger flexor weakness (recorded/assessed, %) 3/11 (27) 8/12 (66) 0.09 — —

Distal weakness, n (%) 6 (55) 11 (92) 0.07 — —

Dysphagia, n (%) 2 (18) 5 (42) 0.4 — —

CK, U/L 350
(67–2,500)

279 (52–1,070) 0.6 — —

Myositis-specific autoantibodies, n (%) 1/10 (10) 0/11 0.5 0.5 0.6

Anti-cN1A antibodies (recorded/assessed, %) 0/8 3/8 (38) 0.2 — —

Muscle biopsy, n (%) 11 (100) 12 (100)

Endomysial inflammation 7 (64) 10 (83) 0.3 — —

Fiber atrophy 5 (55) 7 (58) 0.4 — —

Fiber necrosis 3 (27) 4 (33) 0.1 — —

COX-negative fibers (recorded/assessed, %) 0/7 5/12 (42) 0.1 — —

Protein accumulation (TDP 43 or P62) or 15- to 18-nm
tubulofilaments (recorded/assessed, %)

1/5 (20) 5/8 (63) 0.3 — —

Arthralgia, n (%) 4 (36) 4 (33) 1.0 — —

Interstitial lung disease, n (%) 6 (55) 4 (33) 0.4 — —

Granulomatous-specific extramuscular features,
n (%)d

2 (18) 5 (42) 0.4 0.2 0.1

Hypercalcemia, n (%) 1 (9) 4 (33) 0.3 — —

Increased ACE, n (%) 4 (36) 4 (33) 1.0 — —

Abbreviations: ACE = angiotensin-converting enzyme; CK = creatine kinase blood level; COX = cytochrome c oxidase histochemical staining; ENMC= European
Neuromuscular Centre; sIBM = sporadic inclusion body myositis.
a Difference between responder and nonresponder groups using Fisher exact test for categorical variables andMann-Whitney test for quantitative variables.
b Using multiple logistic regression.
c Lloyd et al.14 criteria and ENMC criteria were discordant for the diagnosis of sIBM in only 2 granuloma-myositis patients. (1) One patient who did not match
ENMC criteria for sIBMdue to age at symptoms onset before 45 years (40 years) despite other ENMC features of sIBM (weakness prevailing on knee extension
and finger flexion, endomysial infiltrate invading nonnecrotic muscle fibers, COX-negative fibers, positive staining for P62 and TDP43, no rimmed vacuole)
matched Lloyd et al.14 criteria for sIBM. This patient did not respond to treatment. (2) Another patient with weakness prevailing on knee extension and finger
flexion, with upregulation of major histocompatibility complex class I but no endomysial inflammation, rimmed vacuole, COX-negative fibers, or P62 or TDP-
43, met ENMC criteria for probable sIBM but did not match Lloyd et al.14 criteria. This patient also did not respond to treatment.
d Granulomatous-specific extramuscular features included cutaneous granulomatosis, erythema nodosum, interstitial nephritis, anterior uveitis, and cho-
roidal granuloma.
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Hôpitaux
Universitaires de
Strasbourg,
France

Author Acquisition and analysis
of the data, revised the
manuscript for
intellectual content.

Daniel
Wendling, MD,
PhD
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Hôpital
Universitaire de
Bordeaux,
France

Author Acquisition and analysis
of the data, revised the
manuscript for
intellectual content.

Emmanuel
Mortier, MD
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