Inflammatory myopathy with myasthenia gravis
Thymoma association and polymyositis pathology
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Abstract

Objective

To provide evidence that idiopathic inflammatory myopathy (IM) with myasthenia gravis
(MG) frequently shows thymoma association and polymyositis (PM) pathology and shares
clinicopathologic characteristics with IM induced by immune checkpoint inhibitors (ICIs).

Methods
We analyzed the clinicopathologic features of 10 patients with idiopathic IM and MG identified
in 970 consecutive patients with biopsy-proven IM.

Results

Seven patients (70%) had thymoma. IM and MG were diagnosed with more than S-year time
difference in 6 thymomatous patients and within 1 year in 1 thymomatous and 3 non-
thymomatous patients. Seven thymomatous patients showed rhabdomyolysis-like features with
respiratory failure (4/7), dropped head (3/7), cardiac involvement (2/7), and positive anti-
acetylcholine receptor (anti-AChR) and anti-titin antibodies (7/7 and 4/6, respectively) but
rarely showed ocular symptoms (2/7) or decremental repetitive nerve stimulation (RNS)
responses (1/7) at IM diagnosis. Three nonthymomatous patients showed acute cardiore-
spiratory failure with rhabdomyolysis-like features (1/3), positive anti-AChR and anti-titin
antibodies (3/2 and 2/2, respectively), and fluctuating weakness of the skeletal muscle without
ocular symptoms (3/3). Muscle pathology showed a PM pathology with infiltration of CD8-
positive CD4SRA-negative T-lymphocytes (9/9), scattered endomysial programmed cell death
1 (PD-1)-positive cells (9/9), and overexpression of programmed cell death ligand 1 (PD-L1)
on the sarcolemma of muscle fibers around the infiltrating PD-1-positive cells (7/9).

Conclusion

Rhabdomyolysis-like features, positive anti-AChR antibody without decremental RNS
responses, and PD-L1 overexpression are possible characteristics shared by ICI-induced IM.
Frequent thymoma association in patients with idiopathic IM and MG may suggest thymoma-
related immunopathogenic mechanisms, including dysregulation of the immune checkpoint
pathway.
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Glossary

anti-AChR = anti-acetylcholine receptor; CK = creatine kinase; CTLA-4 = cytotoxic T-lymphocyte-associated protein 4;
IBM = inclusion body myositis; ICI = immune checkpoint inhibitor; IM = inflammatory myopathy; MG = myasthenia gravis;
MHC = major histocompatibility complex; MSA = myositis-specific autoantibody; PD-1 = programmed cell death 1; PD-L1 =
programmed cell death ligand 1; PM = polymyositis; PSL = prednisolone; RNS = repetitive nerve stimulation; SFEMG = single-

fiber electromyogram.

Idiopathic inflammatory myopathies (IMs) are a heteroge-
neous group of muscle disorders. Myasthenia gravis (MG)
is rarely associated with IM. The reported clinical features
of patients with both idiopathic IM and MG included
brachio-cervical weakness or dropped head,'™ respiratory
decompensation,a’f10 muscle swelling with pain,4’11
involvement, *>” and markedly elevated serum creatine kinase
(CK) levels.”®® In addition, patients with anti-acetylcholine
receptor (anti-AChR) antibody (Ab)-positive thymomatous
IM without MG symptoms showing rapidly progressive
weakness and respiratory failure with markedly elevated se-
rum CK levels'>"? have been described. Although previous
reports suggested some characteristics of idiopathic IM patients
with MG and/or thymoma, clinical features, including the
temporal relationship between the onset of IM and MG and
the prevalence of clinical characteristics, including thymoma
association, have not been well known because of the lack of
systematical study conducted in a series of patients with IM.
Furthermore, pathologic findings have not been studied
systematically.

cardiac

The rare combination of IM and MG has been recently reported
in patients with immune-related adverse events induced by
immune checkpoint inhibitors (ICIs) targeting programmed
cell death 1 (PD-1) or cytotoxic T-lymphocyte—associated
protein 4 (CTLA-4)."*""7 The reported clinical features of
these patients include cardiac involvement'*'®
rhabdomyolysis-like features with markedly elevated serum
CK levels,'*#*3 suggesting similarities of the clinical features
of IM between the 2 groups: ICI induced and idiopathic.
Therefore, we analyzed the clinicopathologic characteristics of
IM associated with MG in a series of patients with biopsy-
proven IM to determine whether some characteristic features
are shared by ICI-induced and idiopathic patients with both IM
and MG.

and

Methods

Patients

Clinical records and biopsy reports were reviewed for 970
consecutive patients, who were referred to our department for
pathologic diagnosis between April 1986 and December 2017.
IM diagnosis was based on the criteria proposed by Bohan and
Peter'®'?; in addition, both (1) elevated serum CK levels and
(2) muscle biopsy findings of inflammatory changes with
major histocompatibility complex (MHC) class I expression
on non-necrotic muscle fibers and sometimes with necrotic
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and/or regenerating fibers'®>° were required. Exclusion of
muscular dystrophy by immunohistochemistry and clinical
features was also required. Inclusion body myositis (IBM)
was excluded using the 188th European Neuromuscular
Centre IBM criteria.”" Sarcoid myopathy was excluded on
the basis of clinical and pathologic findings.** Patients who
developed IM as an adverse effect of drugs, including ICIs,
were excluded from this study. MG diagnosis was based
on clinical features of weakness with increased fatigability
of skeletal muscles and one or more of the following 3 cri-
teria: (1) a positive edrophonium infusion test, (2) decre-
mental repetitive nerve stimulation (RNS) responses, and (3)
increased jitter or blocking on a single-fiber electromyogram
(SFEMG). Thymoma diagnosis was made on the basis of CT
of the anterior mediastinum tumor and confirmed by patho-
logic examination.

In recruiting patients with both IM and MG, patients with
IM who had a past or subsequent history of MG were in-
cluded. Because the patients with thymoma sometimes have
MG or subclinical MG or may develop MG during follow-up
periods, the patients with IM who had a past or subsequent
history of thymoma were also included. By these methods,
among 970 consecutive patients with IM, we found 10
patients with both IM and MG (1.0%) and 1 non-MG thy-
momatous patient with IM (figure 1). The 11 patients with
both IM and MG included 3 patients who have been pre-
viously reported in separate reports (no. 11, Yamaguchi
et al,, 2000; no. 5, Maekawa et al., 2014; and no. 9, Suzuki
et al, 2014).27%°

Definition of onset of IM and MG

IM onset was defined as the time of development of sustained
skeletal muscle weakness with elevated serum CK levels. MG
onset was defined as the earlier of 2 dates: (1) the date of
development of weakness with increased fatigability of skel-
etal muscles (e.g, fluctuating diplopia, ptosis, or skeletal
muscle power) or (2) the date of detection of abnormality on
RNS or an SFEMG in weakened muscles.

Histochemical and

immunohistochemical analysis

Stored frozen muscle samples were processed into 10-pm
sections for routine histochemistry and immunohistochem-
istry. Immunohistochemistry were performed with a conven-
tional method, using the substrate 3,3’-diaminobenzidine
tetrahydrochloride (DAB). Primary antibodies against MHC
class I (Dako, Agilent Technologies, CA), MHC class II (Dako),

March 2019 Neurology.org/NN


http://neurology.org/nn

Figure 1 Flowchart of patient inclusion

IM suspected
(N=1,146)

Probable PM/DM18-19
with elevated CK

(n=970)
Flow A Flow B
y
MG Thymomatous
(n=10) (n=8)

Patients with MG (n = 10)
» Thymomatous (7)
» Nonthymomatous (3)

Non-MG thymomatous
(n=1)

Clinical and pathologic features of 1,146 patients were evaluated based on
Bohan and Peter's myositis criteria and serum CK levels, and then 970
patients were identified as more than possible polymyositis or dermato-
myositis with an elevated serum CK level. Among these patients, 10 patients
with a history of MG in flow A and 8 patients with a history of thymoma in
flow B were identified. Finally, 10 patients with MG were recruited excluding
the 7 overlapping patients between flow A and flow B. In addition, 1 non-MG
patient with a history of thymoma was also recruited. CK = creatine kinase;
DM = dermatomyositis; PM = polymyositis.

CD4 (Dako), CD8 (Nichirei Biosciences, Tokyo, Japan),
CD20 (Abcam, Cambridge, UK), CD21 (Dako), CD4S/
leukocyte common antigen (Dako), CD4SRA (Dako),
CD68 (Dako), myxovirus resistance protein A (M x A;
Abcam), PD-1 (Abcam), programmed cell death ligand 1
(PD-L1; Abcam), and CTLA-4 (Abcam) were used.

Detection of autoantibodies

Myositis-specific autoantibodies (MSAs), including anti-Jo-1,
anti-PL-7, anti-PL-12, anti-Mi-2, and anti-signal recogni-
tion particle 54-kDa protein Abs, were detected by dot-
blotting using recombinant proteins (Diarect AG, Freiburg,
Germany). Anti-transcriptional intermediary factor 1 gamma
and anti-melanoma differentiation-associated gene S Abs
were detected by immunoprecipitation, and anti—3-hydroxy-
3-methylglutaryl-CoA reductase Ab was detected by ELISA,
as described in our earlier study.”® Anti-titin Ab was also
detected by ELISA (DLD Diagnostika, Hamburg, Germany).

Standard protocol approvals, registrations,
and patient consents

The study was approved by the institutional ethics commit-
tees of the University of Tokyo Hospital. Written informed
consent was obtained from each patient at the time of biopsy
and serum sampling.

Data availability
Anonymized data will be shared by request from any qualified
investigators.
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Results

Clinical features of patients at IM diagnosis
Table 1 shows the clinical features and histopathologic find-
ings of the skeletal muscles of 10 patients with both IM and
MG; the patients’ detailed clinical features are described in
appendix e-1 links.lww.com/NXI/A9S.

The mean age at IM diagnosis was 60 years (range: 47-78
years). Six patients were women. None of the patients had
skin rash or interstitial lung disease. Seven patients were as-
sociated with invasive thymoma, and the other 3 had no
thymoma. The temporal relationship between the onset of IM
and MG are as follows: (1) S thymomatous patients (nos. 1, 2,
and 4-6) had preexisting MG (diagnosed more than 9 years
before their IM diagnosis); (2) 1 thymomatous patient (no.
7) had preexisting IM (diagnosed with MG § years after the
IM diagnosis); and (3) 1 thymomatous patient (no. 3) and 3
nonthymomatous patients (nos. 8-10) had concurrent IM
and MG (diagnosed with IM and MG within 1 year). Clinical
features related to MG at IM diagnosis included fluctuating
ocular symptoms (2/10), abnormal RNS responses on
weakened extremity muscles (4/10), positive edrophonium
infusion test (2/3), and positive anti~AChR Ab (9/10).

Thymomatous IM patients rarely showed fluctuating ocular
symptoms (2/7) and abnormal RNS responses on extremities
(1/7). By contrast, 3 nonthymomatous IM patients showed
abnormal RNS responses (3/3) and positive edrophonium
infusion test (2/2) but showed no ocular symptoms (0/3).

Before IM diagnosis, 2 patients had a history of transient
elevation of serum CK levels without limb weakness (4,209
IU/L in no. 1 and 518 IU/L in no. 8). Progression of weak-
ness in IM was rapid in S patients. Four thymomatous patients
with normal RNS tests on extremities presented with rapid
progression of weakness with acute markedly elevated serum
CK levels (1,008-10,226 IU/L) at IM development
(rhabdomyolysis-like features) and required ventilator sup-
port. One nonthymomatous patient (no. 9) developed re-
spiratory muscle weakness with relatively preserved limb
muscle strength, cardiac failure, and acute elevation of serum
CK levels (1,140 IU/L).

The clinical features of the 10 patients included respiratory
failure requiring ventilator support (5/10), severe weakness of
extremities (4/10), dropped head (4/10), myalgia (4/10),
dysphagia (5/9), and cardiac involvement (3/10). One thy-
momatous patient (no. 7) had initial symptoms of muscle
swelling and pain in the forearms.

The mean serum CK level was 2,712 IU/L. The serum testing
for autoantibodies demonstrated anti-AChR Ab (9/10),
MSAs (0/9), and anti-titin Ab (6/8). A needle EMG, per-
formed for 9 patients, showed spontaneous activities at rest in
most of them (8/9). Three patients (3/10) showed cardiac
involvements. A cardiac muscle biopsy performed in 1 patient
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Table 1 Clinical and pathologic features of IM in patients with both IM and MG

Patient 1 2 3 4 5 6 7 8 9 10

Age at IM/MG diagnosis (y) 59/50 73/56 53/52 50/38 57/43 49/36 47/52 78/78 70/70 60/60

Sex Male Female Male Female Male Female Female Male Female Female

MG diagnosis before IM +9 +17 <1f +12 +14 +13 -5 <1 <1 <1

diagnosis (y)

Thymoma + + + + + + + - - -
WHO classification B2 B2 B2 ND B3 B2 B2 NA NA NA
Age at thymoma diagnosis 42 56 53 38 43 36 47 NA NA NA

\))
Thymoma status at IM Under CHT  Norecurrence  Untreated  No recurrence Recurrence No progression Untreated NA NA NA
diagnosis
Disease activity of MG
Ocular symptoms/ -/~ +/+ --f ++ -/~ -/~ -/~ -/~ -/~ -/~
fluctuating weakness at
IM diagnosis

Decremental responseson - - - + - - - + + +
RNS at IM diagnosis

Positive edrophonium NE NE NE NE NE NE - + NE +
infusion test at IM
diagnosis

Anti-AChR Ab at MG/IM ND/2.2 11/540 100/ND 80/300 163/7 41/10 ND/12 47.7' 6.5' =i
diagnosis (nmol/L)

CK level at MG diagnosis ND ND 231 ND 185 41 ND 263 1,140 282
(IU/L)

Clinical features of IM at IM

diagnosis
History of transiently + - - - - - - + - -

elevated CK levels
Progression of weakness at  Rapid No Rapid Chronic Chronic Rapid Rapid Chronic Rapid Chronic
IM diagnosis
Limb weakness Severe No-mild Severe Moderate No-mild Severe Severe No-mild No-mild Moderate
Dropped head + - + - + - - + - -
Dysphagia + - + + + + - - ND -
Continued
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Table 1 Clinical and pathologic features of IM in patients with both IM and MG (continued)

Patient 1 2 3 4 5 6 7 8 9 10
Respiratory failure + (NIPPV) - + (MV) - - +(MV) +(MV) - +(MV) -
Myalgia + - - - - + +(swelling)”  + - -
Fever - Low grade - - - Remittent Low grade - - -
Cardiac involvement - - - Anteroseptal - VT and diffuse - - VT and diffuse -

hypokinesis hypokinesis hypokinesis

Other complications - - DG DG Alopecia, DG, DPB, - DG and DPB - Pure red cell aplasia -

and AIC

Laboratory findings at IM

diagnosis
CK level (1U/L) 10,226 376 1,008 341 1,059 5,102 7,315 263 1,140 292
CRP level (mg/dL) 2.6 0.06 0.04 0.07 1.83 1.04 3.32 <0.3 4.7 -
ESR (mm/h) 20 26 4 23 NE 19 73 30 NE NE
Myositis-specific - - - - - - - - - NE

autoantibodies
Anti-titin Ab - NE + + - + + + + NE
Spontaneous activities at + + + + + + + + NE -
rest on nEMG

Histopathologic findings
Necrotic and/or + + + + + + +++ + + +

regenerating fibers®
Perimysial inflammation® + + +++ ++ + + + +++ t +
Endomysial inflammation®  + + + + + + +++ + + +
CD8" T cells surrounding/ +/+ +/+ +/+ +/- +/- +/- +/+ +/- +/- +/+

invading non-necrotic

fibers
CD45RA" cell infiltration - - +8 - - - NE +8 - -
MHC class | expressionc ++ +++ +++ + + +++ +++ +++ ++ +++
MHC class Il expression® + + + + + + + - + +++
Granulomatous lesions - - - - - - + - - -

Continued
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Table 1 Clinical and pathologic features of IM in patients with both IM and MG (continued)

Patient 1 2 3 4 5 7 8 9 10

CD20* lymphoid - - + - - NE + - -
aggregates?

MxA" capillaries and fibers - - - - - NE - - -

PD-1" cell infiltration + + + + + NE + + +

PD-L1 upregulation on ++ B + B + NE + ++ +
fibers®

CTLA-4" cell infiltration + - + + - NE - B +

Classification based on Definite Definite PM Definite Probable PM Probable PM Definite PM Probable Probable PM Definite
ENMC criteria PM PM PM PM

Abbreviations: AIC = autoimmune cholangitis; CHT = chemotherapy; CK = creatine kinase; CRP = C-reactive protein; DG = dysgeusia; DPB = diffuse panbronchiolitis; ESR = erythrocyte sedimentation rate; MV = mechanical
ventilation; NA = not applicable; ND = no data; NE = not examined; NIPPV = noninvasive positive-pressure ventilation; nEMG = needle electromyogram; VT = ventricular tachycardia; WHO = World Health Organization.

@ Necrotic and regenerating fibers in 1 fascicle: +, sparse; +, 1 to <5; ++, 5 to <20; and +++, >20.
® Density of inflammatory cells: -, 0; +, 1 to <5; +, 5 to <20; ++, 20 to <100; and +++, 2100.

¢MHC class | or class Il antigen on the sarcolemma of non-necrotic fibers: —, 0%; +, 1% to <25%; ++, 25% to <50%; and +++, 50%-100%.

9CD20" lymphoid aggregate was defined when more than 100 CD20" cells/place were observed.

¢ PD-L1 upregulation on the sarcolemma of non-necrotic fibers: -, none; +, invaded fibers limitedly; and ++, invaded fibers and non-necrotic fibers around invaded fibers.
fThe patient who was diagnosed with ocular MG developed IM 3 months after the introduction of immunotherapy for MG.

8 CD45RA" cells were observed only at perimysial lymphoid aggregates in these patients.

" The patient showed myalgia with muscle swelling.
'Data at IM diagnosis.
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(no. 6) showed abundant T-lymphocyte infiltration consis-
tent with lymphocytic myocarditis.

Pathologic findings

We observed various amounts of necrotic fibers and in-
flammatory cells in both the perimysium and the endomysium.
All patients showed different levels of overexpression of MHC
class I on muscle fibers with various extent levels: 1+, n = 2; 2+,
n = 2; and 3+, n = 6 (table 1). Overexpression of MHC class II
on muscle fibers was observed in 9 patients (9/10). All patients
showed the findings of endomysial CD8" T-lymphocytes sur-
rounding (10/10) and sometimes invading (5/10) non-
necrotic muscle fibers expressing MHC class I antigen and
therefore met the pathologic criteria of polymyositis (PM)>°
(definite PM, n = S; probable PM, n = S; figure 2A).

Immunohistochemistry for CD45RA, which was performed
in 9 frozen sample available patients, showed no endomysial
CD4SRA" cells, indicating that the endomysial CD8"
T-lymphocytes surrounding and sometimes invading non-
necrotic muscle fibers were all CD4SRA™ cells (9/9). Two
patients (nos. 3 and 8) showed perimysial accumulation of

CD4SRA" cells (figure e-1 links.lww.com/NXI/A9S).

One thymomatous patient (no. 7) showed granulomatous
inflammatory cell invasion with multinucleated giant cells
(figure 2B). The granulomas and giant cells were positive for
CD68. Two patients (nos. 3 and 8) showed focal perimysial
accumulation of mononuclear cells, many of which were
positive for CD20 (figure 2, C and D).

Immunohistochemistry for PD-1 and PD-L1 showed scat-
tered endomysial PD-1" cells (9/9) and overexpression of
PD-L1 on the sarcolemma of muscle fibers near PD-1" cells
(7/9). Of interest, 2 patients (nos. 1 and 9) showed PD-L1
overexpression extending on non-necrotic fibers around the
fibers invaded by the PD-1" cells (figure 2, E and F). Im-
munohistochemistry for CTLA-4 demonstrated CTLA-4"
cells in endomysial infiltration (4/9) (figure e-2 links.Iww.
com/NXI/A95).

Associated thymoma

The World Health Organization classifications of invasive
thymoma in 7 patients were B2 (n = 5), B3 (n = 1), and no
data available (n = 1) (table 1). The mean age at thymoma
diagnosis was 4S5 years (range: 36-56 years). Thymoma di-
agnosis was preceded to IM diagnosis more than 12 years
(range: 12-17 years) in S patients (nos. 1, 2, and 4-6), and
both thymoma and IM were codiagnosed in 2 patients (nos. 3
and 7). The disease statuses of thymoma at IM diagnosis were
as follows: no recurrence or progression without therapy (n =
3), untreated (n = 2), recurrence (n = 1), and no progression
under chemotherapy (n = 1).

Thymomatous IM patient without

MG symptoms

Our series included 1 thymomatous IM patient without
MG symptoms (no. 11, details in appendix e-1 links.lww.
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Figure 2 Histopathologic findings of patients with both in-
flammatory myopathy and myasthenia gravis

(A) Immunohistochemical staining for CD8 showing CD8-positive cells in-
vading non-necrotic muscle fibers in patient 1. (B) Hematoxylin-eosin (HE)
staining showing granulomatous lesion with multinucleated giant cells in
patient 7. (C and D) Serial sections with HE staining and immunohisto-
chemical staining for CD20 showing perimysial aggregation of CD20-positive
cells in patient 8. (E and F) Serial sections with immunohistochemical
staining for PD-1 and PD-L1 showing endomysial PD-1-positive cells and PD-
L1 upregulation on non-necrotic fibers in patient 9. Scale bar =50 pm. PD-1 =
programmed cell death 1; PD-L1 = programmed cell death ligand 1.

com/NXI/A95). This 51-year-old woman had moderate to
severe weakness in her limbs and respiratory muscles re-
quiring ventilator support. Laboratory data showed an el-
evated serum CK level (695 IU/L) and positive anti-AChR
and anti-titin Abs. Needle EMG showed spontaneous ac-
tivities, but RNS test was normal. Chest CT showed an an-
terior mediastinum tumor (1 cm in size), which was revealed
to be necrotic tissues. Histopathologic diagnosis of muscle
biopsy was definite PM.>° She was successfully treated with
prednisolone (PSL). Her anterior mediastinum tumor in-
creased in size without neurologic symptoms. Five years after
the diagnosis of IM, the tumor was resected and pathologi-
cally confirmed as combined B2/B3 thymoma. Her 11-year
follow-up showed no exacerbation of IM or thymoma or
development of MG.
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Clinical courses and response to treatments
One patient (no. 8) showed normalized serum CK levels during
bed rest and refused immunotherapy. He showed no exacer-
bation of symptoms for 2.6 years until final follow-up. The
remaining 9 patients, including 2 patients who showed nor-
malization of serum CK levels during bed rest, were treated with
immunotherapy (table 2). The treatments included immuno-
suppressants alone in 1 patient (no. 4) and increasing doses of
oral PSL (20-60 mg) in the other 8 patients in combination
with various immunosuppressive therapies: oral immunosup-
pressants (n = 4), high-dose IV methylprednisolone (n = 4),
high-dose IV immunoglobulin (n = 2), and immunoabsorption
(n = 1). Of interest, the elevated serum CK levels normalized
within 3 weeks in all the treated patients, including the 3 patients
with very high serum CK levels (nos. 1, 6, and 7).

The mean follow-up period was 3.8 years (range: 0.5-10.9
years). During the follow-up period, 3 patients died. The
causes of death were sepsis following diffuse panbronchiolitis
(n = 2, patients S and 7) and bronchopneumonitis compli-
cated by cardiac dysfunction and pure red cell aplasia (n = 1,
patient 9). The modified Rankin Scale scores at final follow-up
of the 7 patients who were alive were grade 0 (n = 1), grade 1
(n=4), and grade 3 (n = 2).

Discussion

The prevalence of thymoma association in patients with both
IM and MG (70%) was much more than that in patients with
only MG (10%).>” Thymoma is known to be associated with
various autoimmune diseases. The frequent thymoma associ-
ation in IM patients with both IM and MG should indicate that
the association of these 2 diseases is not coincidental but in-
duced by thymoma-related immunopathogenic mechanisms.

In 7 thymomatous patients with both IM and MG, ocular
symptoms or decremental RNS responses were rarely observed
at IM diagnosis (2/7 or 1/7, respectively). Among them, 4
patients with normal RNS responses developed rapidly pro-
gressive muscle weakness and respiratory failure with acute
elevation of serum CK to very high levels (rhabdomyolysis-like
features). Previous studies reported patients with similar clin-
ical features: IM and anti-AChR Ab-positive thymomatous
MG presenting with normal RNS responses™ and rapidly
progressive weakness and respiratory failure in conjunction
with markedly elevated serum CK levels.”'* Our findings
demonstrated that thymomatous patients with both IM and
MG frequently showed nonsimultaneous progression of IM
and MG and often included those with severe progression and
markedly elevated serum CK levels. The nonsimultaneous
progression of IM and MG suggests that distinctly different
thymoma-related immunopathogenic mechanisms on skeletal
muscles are involved in the development of each disease.

Three nonthymomatous IM patients in our study shared
the following characteristic features with thymomatous IM
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patients: none showed ocular symptoms, 1 patient showed
acute respiratory and cardiac failure with acute serum CK
level elevation, 2 patients (2/2) showed positive anti-titin
Ab, and all 3 patients showed PM pattern pathology, charac-
terized by CD8" T-lymphocyte-mediated cellular autoimmu-
nity. PM pattern pathology is a rare pathologic finding among
patients with IM**** and is suggested as a secondary pathologic
pattern associated with other systemic autoimmune diseases,
including connective tissue diseases, viral infections, cancer,
and drug toxicity.>" The overlapping of clinical, serologic, and
pathologic characteristics between thymomatous and non-
thymomatous IM patients may suggest a common immune
mechanism underlying the IM development in patients with
both IM and MG, irrespective of thymoma association. How-
ever, the immune mechanical background of nonthymomatous
IM patients may be heterogeneous, considering that 1 non-
thymomatous IM patient (no. 10) was seronegative for anti-
AChR Ab.

We found 1 non-MG thymomatous IM patient (no. 11) with
features similar to those of thymomatous patients with both
IM and MG, except for the presentation of MG. A previous
report described 1 non-MG thymomatous IM patient with
similar clinical features: positive anti-AChR Ab, normal RNS
responses, a very high serum CK level (7,271 IU/L), and
a pathologic finding of endomysial CD8" cells with CD68 *
giant cells."> The clinical features in both patients supported
the idea that thymoma-related immunopathogenic mecha-
nisms can affect skeletal muscle toward the development of
IM, even without MG.

At the time of IM diagnosis, S patients had a preexisting
thymoma, and among them, 2 patients showed no signs of
recurrence. In the literature, we found a total of 4 patients with
both IM and MG with preexisting thymoma for 4-17 years
before IM diagnosis.*>*> The thymoma status of the 4
patients at IM diagnosis was not described, except in 1 patient
who was autopsied and showed no thymoma recurrence.
However, some studies have described thymoma recurrence
long after thymectomy> and microscopic thymoma (smaller
than 1 mm), which cannot be detected by imaging studies.**
Considering the suggested thymoma-related immunopatho-
genic mechanisms in the development of IM, we recommend
not only careful checkup for thymoma recurrence in patients
with preexisting thymoma but also regular checkup for thy-
moma development in nonthymomatous patients with both
IM and MG.

The presence of endomysial infiltration of T-lymphocytes
(lymphorrhage) in the skeletal muscle tissue of patients with
MG has been known for decades, particularly in patients with
thymomatous MG.*>*® One suggestion is that the lymphocytic
infiltration does not represent autoimmune IM, but rather, an
infiltration consisting of CD8"CD4SRA"-naive T-lymphocytes
derived from lymphocyte-rich thymoma. However, in our se-
ries, CD8"CD4SRA™ cells but not CD8*CD4SRA" naive cells
were the lymphocytes infiltrating the endomysium, and the
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Table 2 Treatment of IM in patients with both IM and MG

Patient 1 2 3 4 5 6 7 8 9 10
Treatment
Immunotherapy after IM IVMP, PSL 55 mg, PSL 30 mg PSL 50 mg and CyA 200 mg PSL 20 mg IVMP, PSL 50 mg, IVIg, IVMP, PSL 60 mg, IVIg, PB IVMP and PSL 60 mg
diagnosis and TCR3 mg TCR3 mg and PB IAPP, and TCR 1.5 mg and MTX 12.5 mg PSL 40 mg and PB
CK normalization by rest before - +(8d) - - +(20d) - - +(18d) - -
immunotherapy®
Period between treatment 2w NA ND Tw NA <3w 2w NA 4d 6d

introduction and CK
normalization

Prognosis
Follow-up period (y) 13 3.0 2.7 29 13 0.5 6.1 2.6 0.2 17
MGFA-PIS at final follow-up MM MM Improved MM Died of MG PR Died of MG MM Died of MG PR
IM recurrence - - - - - - + - - -
MG recurrence - - - - - - NA - - -
Modified Rankin Scale change 3-0 1-1 3-3 2-1 5-6 5-3 5-6 2-1 5-6 2-1

(IM diagnosis—final follow-up)

Abbreviations: CK = creatine kinase; CyA = cyclosporin A; d = day; IAPP = immunoadsorption plasmapheresis; IVIg = IV immunoglobulin; IVMP = IV methylprednisolone; MGFA-PIS = Myasthenia Gravis Foundation of America
postintervention status; MM = minimal manifestation; MTX = methotrexate; NA = not applicable; ND = no data; PB = pyridostigmine bromide; PR = pharmacologic remission; PSL = prednisolone; TCR = tacrolimus; w = week.
2 Period in brackets refers days between peak and normalization of CK levels before treatment.
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extensive expression of MHC class I was observed in all
patients (9/9 and 10/10, respectively), suggesting a true cell-
mediated PM pattern of inflammation as a pathologic pheno-
type in our patients.

In addition to PM pattern pathology, massive collections of
CD20" B-lymphocytes were observed in 2 patients and
CD68" granulomas in 1 patient. These pathologic findings
have already been reported in patients with both idiopathic
IM and MG.>*7'""3?® Because the thymus gland is a central
lymphatic organ that provides various immunologic functions,
multifactorial autoimmune dysregulation in thymic disorders,
including thymoma, has been reported.*® Further studies are
needed to elucidate the overall immune mechanisms that
cause these complicated pathologic features.

Some immune-related adverse events induced by antitumor
therapy with ICIs have been recently reported to cause the
association of MG with IM.'*''7 A recent study of 12
nonthymomatous patients who developed MG after anti-
tumor therapy with nivolumab (an anti-PD-1 monoclonal
Ab) reported that 4 patients had IM and 3 patients had
myocarditis, including 1 patient with both IM and myocar-
ditis."® This study also showed the following clinical features
of patients with nivolumab-induced MG: markedly elevated
CK levels (10/12, 83%), positive anti-AChR Ab (10/12,
83%), positive edrophonium infusion test (4/7, 57%), and
abnormal decremental RNS responses (2/7, 29%). Patients
with ICI-induced IM have been often reported to have
rhabdomyolysis-like clinical features with myocarditis or
respiratory failure.”” Therefore, the assumption that patients
with ICI-induced IM share similar immunopathogenic
mechanisms with patients with both idiopathic IM and MG
should be reasonable. Moreover, we recently found PD-1"
cell infiltration and extended PD-L1 (a ligand of PD-1)
overexpression on non-necrotic fibers in patients with
anti-PD-1 Ab-induced IM."® The similarity of clinical fea-
tures between patients with ICI-induced IM and those with
idiopathic IM and MG prompted us to examine PD-1, PD-
L1, and CTLA-4 expressions in our patients. Subsequently, we
found PD-L1 overexpression on non-necrotic muscle fibers
around PD-1" cells in 7 patients, including 2 patients with
extended PD-L1 overexpression, and endomysial infiltration
of CTLA-4" cells in 4 patients. CTLA-4" cells in endomysial
infiltrates with invasion of muscle fibers have been reported
in patients with idiopathic PM or IBM.*® Both PD-1/PD-L1
and CTLA-4/B7 pathways are involved in the induction of
immune tolerance on activated cytotoxic T-lymphocytes,
although the 2 pathways operate at different stages of an
immune 1response.3’9 The expression of PD-1, PD-L1, and
CTLA-4 in IM pathology may suggest dysregulation of
immune checkpoint molecules in the microenvironment
of IM in patients with IM and MG. The backgrounds of
the dysregulation of the immune checkpoint molecules in
our patients remain unclear. However, a previous report
has shown that genetic polymorphisms of CTLA-4 are as-
sociated with thymomatous MG patients.** The finding
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indicates involvement of the immune checkpoint pathway
in the development of autoimmune diseases in thymoma-
tous patients.

Our study has some limitations. First, the number of patients
with both IM and MG is small because of the rarity of si-
multaneous occurrence of these 2 diseases. Second, we did
not always follow the clinical courses in patients with IM for
a long time enough to detect MG association. Third, MG
activity may be underestimated because SFEMG or edro-
phonium infusion test had not been performed in all of our
patients. Despite these limitations, our study showed that
idiopathic IM with MG frequently shows thymoma associ-
ation and PM pathology. In addition, this study demon-
strated that idiopathic IM with MG shares clinicopathologic
characteristics with IM induced by ICIs. Further studies
should be conducted to determine the essential mechanisms
of thymoma-related autoimmune dysregulation in patients
with both IM and MG, particularly focusing on the roles of
immune checkpoint molecules.
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