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【 CASE REPORT 】
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Abstract:
Sporadic late-onset nemaline myopathy (SLONM) is a rare, acquired myopathy that is frequently associ-

ated with monoclonal gammopathy, most commonly monoclonal gammopathy of undetermined significance

(MGUS). However, its association with overt multiple myeloma (MM) has been rarely reported. We present a

case of SLONM associated with MM in which chemotherapy targeting the underlying MM led to mild-to-

moderate improvement in muscle symptoms. This case underscores the potential pathogenic role of MM in

SLONM and highlights the importance of treating underlying hematologic malignancies.
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Introduction

Sporadic late-onset nemaline myopathy (SLONM) is a

rare acquired myopathy that predominantly affects adults

aged >50 years (1, 2). It is characterized by subacute pro-

gressive proximal muscle weakness and nemaline rod-like

structures in muscle fibers. SLONM is most frequently asso-

ciated with monoclonal gammopathy of undetermined sig-

nificance (MGUS) and rarely associated with multiple

myeloma (MM) (3, 4). Although its pathogenesis remains

unclear, paraproteins or other immune factors related to

plasma cells are hypothesized to play a causal

role (1, 2, 4-6). We herein present a case of SLONM associ-

ated with MM in which chemotherapy led to clinical im-

provement, suggesting a pathophysiological link between

MM and SLONM.

Case Report

A 51-year-old woman presented with a five-year history

of progressive proximal muscle weakness and an uninten-

tional weight loss of 10 kg. She reported difficulty climbing

stairs and rising from a seated position, but denied any sen-

sory disturbances. The patient’s medical history was unre-

markable.

On physical examination, the patient exhibited a dropped

head and marked atrophy of the proximal muscles in both

the upper and lower extremities. Muscle strength was graded

as 3/5 in the proximal muscles and 5/5 in the distal muscles,

according to the Medical Research Council (MRC) scale.

Because of periscapular muscle weakness, the shoulder gir-

dle function was substantially impaired. In addition, promi-

nent weakness of the truncal and hip girdle muscles caused

difficulty in standing up. The patient did not exhibit

dysphagia, dysarthria, facial weakness, or ptosis. Fascicula-

tions or sensory deficits were not observed.

Laboratory investigations revealed normal levels of serum

creatine kinase (35 U/L), albumin (4.1 g/dL), hemoglobin

(15.5 g/dL), estimated glomerular filtration rate (eGFR,

195.4 mL/min/1.73 m2), calcium (9.4 mg/dL), and increased

NT-ProBNP (770 pg/mL). In addition, representative

myositis-related autoantibodies, including anti-Jo-1, anti-

ARS, anti-MDA5, anti-Mi-2, anti-TIF-1, anti-SRP, anti-
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Figure　1.　Muscle imaging. (A) Muscle CT scans show diffuse atrophy and fatty replacement of 
skeletal muscles. These changes are most prominent in the paraspinal and limb girdle muscles, in-
cluding the periscapular and gluteal regions (arrows). Asymmetric involvement is also observed in 
the hamstrings and gastrocnemius (triangles). (B) Axial T2-weighted MRI shows fatty replacement 
and asymmetric changes in the thoracic paraspinal and calf muscles.

HMGCR, and anti-mitochondrial M2 antibodies, were nega-

tive. Serum protein electrophoresis demonstrated an M-

protein spike, and immunofixation identified IgG-κ mono-

clonal gammopathy accompanied by suppressed IgA and

IgM levels. A free light chain (FLC) analysis revealed ele-

vated κ chains (357 mg/L), suppressed λ chains (5.4 mg/L),

and a κ/λ ratio of 66.09. A bone marrow biopsy showed

14% clonal plasma cell infiltration, fulfilling the diagnostic

criteria for smoldering multiple myeloma in the absence of

CRAB features. Cardiac echocardiography revealed a re-

duced ejection fraction (35%) with diffuse hypokinesis, con-

sistent with cardiomyopathy. Cardiac MRI was not per-

formed because severe respiratory impairment made breath

holding in the supine position difficult. Electromyography of

the deltoid muscle, biceps brachii, tibialis anterior, and vas-

tus lateralis revealed fibrillation potentials and positive sharp

waves at rest. Upon voluntary contraction, recruitment pat-

terns were normal, but motor unit potentials were low-

amplitude, thin, and polyphasic, suggesting a myopathic pat-

tern. Routine nerve conduction studies of the right median,

ulnar, tibial, fibular, and sural nerves revealed no abnormali-

ties. Muscle imaging demonstrated diffuse atrophy and fatty

replacement, most prominently in the paraspinal and limb

girdle muscles (Fig. 1). Respiratory function testing showed

markedly decreased vital capacity (%VC, 40.0).

A muscle biopsy of the biceps brachii revealed non-

specific chronic myopathic changes. Importantly, there were

no typical findings of idiopathic inflammatory myopathies,

such as prominent inflammatory cell infiltration or abundant

necrotic and regenerating fibers. Given the presence of mon-

oclonal gammopathy and smoldering MM, SLONM was

tentatively diagnosed. Two courses of intravenous immuno-

globulin (IVIg, 0.4 g/kg/day for 5 consecutive days each)

were administered. Additionally, standard therapies for heart

failure, including sacubitril/valsartan (100 mg), bisoprolol

(0.625 mg), and dapagliflozin (10 mg), were introduced.

While improvement in heart failure was observed, with an

increase in ejection fraction to 67%, muscle weakness and

respiratory dysfunction gradually worsened (%VC of 26.9)

over the following months. Examination of a second muscle

biopsy specimen obtained from the tibialis anterior muscle

revealed chronic myopathic changes with fiber size vari-

ation, clustered nuclear aggregation, interstitial fibrosis, and

fatty infiltration. Modified Gomori trichrome staining re-

vealed small reddish-purple granular deposits within the

atrophic myofibers, consistent with nemaline bodies. Such

fibers were not abundant, but occurred sporadically within

chronic myopathic changes, a pattern that has been de-

scribed in previous reports of SLONM (Fig. 2) (1, 4, 6, 7).

Based on these clinical, hematological, and pathological

findings, the diagnosis of SLONM was confirmed.

The patient underwent induction chemotherapy using the

daratumumab-lenalidomide-dexamethasone (DRd) protocol:

daratumumab (16 mg/kg on days 1, 8, 15, and 22), lenalido-

mide (25 mg daily on days 1-21), and dexamethasone (20

mg on days 1, 2, 8, 9, 22, and 23). Over the following

months, the patient’s hematological markers such as serum

FLC κ levels, proximal muscle strength, and respiratory

function gradually improved. Approximately one year later,

immunofixation and a bone marrow analysis confirmed a

complete response, with MRC grades improving from 3 to 4

and %VC reaching 36.0. The clinical course of the patient is

summarized in Fig. 3.

Discussion

Owing to its rarity, there are currently no established di-

agnostic criteria for SLONM. In our case, the diagnosis was

based on a combination of clinical, hematological, and

pathological findings. Given the adult onset, progressive
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Figure　2.　Muscle pathology. Hematoxylin and Eosin staining shows chronic myopathic changes, 
including fiber size variation, clustered nuclear aggregation, interstitial fibrosis, and fatty infiltration. 
Scale bar=100 μm. (B, C) Modified Gomori trichrome staining showing fine granular structures. Ag-
gregation within atrophic fibers at different sites (arrows). Scale bar=50 μm.

Figure　3.　Clinical course of the patient. Upper panel: manual muscle testing (MRC scale) of the 
deltoid, iliopsoas, and neck flexion. Middle panel: Vital capacity (%VC). Lower panel: serum-free 
light chain (FLC) κ levels (mg/L). Blue arrows indicate the timing of muscle biopsy; red triangles in-
dicate the timing of intravenous immunoglobulin (IVIg, 400 mg/kg for 5 consecutive days); and black 
triangles indicate the timing of daratumumab (16 mg/kg, days 1, 8, 15, and 22), lenalidomide (25 mg/
day, days 1-21) and dexamethasone (20 mg/day; days 1, 2, 8, 9, 22, and 23; DRd regimen).

course, and presence of monoclonal gammopathy, congenital

nemaline myopathy was considered unlikely, and genetic

testing for congenital NM-related genes was not pur-

sued (8, 9).

The patient presented with slowly progressive proximal

and respiratory muscle weakness, accompanied by monoclo-
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nal gammopathy-hallmark features of SLONM. However,

the initial muscle biopsy failed to reveal definitive findings

and delayed the diagnosis. This reflects a broader challenge

in SLONM, particularly in atypical cases in which classical

nemaline rods are absent or inconspicuous. While nemaline

rods are considered a pathological hallmark, their morphol-

ogy in SLONM often differs from that observed in congeni-

tal forms. Instead of thick, thread-like rods, SLONM typi-

cally shows small, granular, or “sand-like,” inclusions, which

may not be detectable by light microscopy (1, 4, 6). More-

over, the reported frequency of fibers containing nemaline

bodies varies widely from approximately 1% to 63% among

patients (4). In such cases, repeat biopsy may be necessary,

as in our patient. Although α-actinin immunostaining and

electron microscopy were not performed in this case, they

have been useful in confirming nemaline bodies and Z-band

degeneration in previous reports, and may assist in challeng-

ing diagnoses (1, 2, 4, 6, 10).

SLONM is most commonly associated with MGUS,

whereas its association with MM is extremely rare. To the

best of our knowledge, only one detailed case has been re-

ported to date (3). Although the exact pathogenesis of

SLONM remains unclear, monoclonal proteins have been

hypothesized to induce myopathy through immune-mediated

mechanisms, such as targeting sarcomeric proteins (e.g., α-

actinin), deposition-related myotoxicity, or humoral media-

tors secreted by clonal plasma cells (1, 4, 6). In a previously

reported case of SLONM associated with MM, myopathy

developed following allogeneic hematopoietic stem cell

transplantation (allo-HSCT), suggesting that exposure to al-

loantigens or post-transplant immune activation played a

role (3). In contrast, our patient responded to chemotherapy

for MM without undergoing allo-HSCT, suggesting that

SLONM in this context may arise through mechanisms

similar to MGUS-associated cases, supporting a direct

pathogenic link between the underlying hematologic disor-

der and muscle pathology.

The apparent predominance of SLONM-MGUS over

SLONM-MM may be partly explained by the natural course

of the disease. SLONM often develops during MGUS,

which precedes overt MM. Current evidence suggests that

MGUS alone can cause clinically significant SLONM. In

our patient, the slow progressive course of myopathy may

reflect the period during which the underlying gammopathy

evolved from MGUS to smoldering MM. Thus, the rarity of

SLONM-MM may reflect the time lag between the onset of

SLONM and recognition of the underlying hematologic dis-

order.

However, the efficacy of IVIg in SLONM remains contro-

versial. While some studies have reported transient or partial

clinical improvement (1, 7), others have found little to no

benefit (2), highlighting the heterogeneity of the disease

pathogenesis and the likely need for plasma cell-directed

therapies. Notably, in our patient, cardiomyopathy improved

after the administration of IVIg. Although IVIg may have

contributed to this improvement, concomitant standard heart

failure therapy is also likely an important factor. Previous

reports of SLONM with cardiomyopathy have generally at-

tributed recovery of cardiac function to standard heart failure

therapy or to treatment directed at gammopathy, such as

chemotherapy or autologous stem cell transplanta-

tion (1, 7, 11). To our knowledge, no reports have docu-

mented cardiac improvement following IVIg alone. Further

studies are warranted to clarify its potential role in SLONM-

associated cardiomyopathy.

To our knowledge, this case offers a unique therapeutic

perspective, representing the first reported use of DRd ther-

apy in a patient with SLONM. Given the risk of neurotoxic-

ity from proteasome inhibitors and severe respiratory dys-

function, DRd was selected as a safe and well-tolerated al-

ternative. This regimen is widely used as first-line therapy in

elderly or transplant-ineligible patients with MM and is con-

sidered appropriate for our case.

Importantly, our patient had smoldering MM, which typi-

cally does not warrant immediate treatment in the absence

of myeloma-defining events (MDEs) such as those outlined

in the CRAB or SLiM criteria (12). However, the progres-

sion of neuromuscular decline due to SLONM necessitates

therapeutic intervention. Although our patient did not meet

the conventional MDE criteria, SLONM may represent a

form of end-organ damage attributable to plasma cell dy-

scrasia. Whether SLONM should be recognized as an MDE

remains an open question that requires further accumulation

of cases and clinical consensus.

Following chemotherapy, the patient achieved a complete

hematologic response with concurrent improvements in mus-

cle strength and respiratory function. This outcome high-

lights the potential utility of plasma cell-targeted therapies

such as DRd in treating SLONM-MM and underscores the

need for early recognition and treatment, even in the ab-

sence of classic myeloma-defining features.

The authors state that they have no Conflict of Interest (COI).

Acknowledgement
We thank Yuki Hagiwara, Yuki Hatanaka, Masahiro Sonoo,

Haruko Tashiro, and Tatsuki Morioka for their valuable contribu-

tions, including patient care, decision-making regarding the treat-

ment plan, and support in manuscript preparation.

DISCLOSURES
The authors declare no conflicts of interest regarding the con-

tent of this article. This research did not receive any specific

grants from funding agencies in the public, commercial, or not-

for-profit sectors.

STATEMENT OF AUTHORSHIP
Y. Furukawa, K. Hokkoku, Y. Hatanaka, and R. Shirasaki were

involved in the patient treatment.

A. Kubota and J. Shimizu contributed to the pathological as-

sessment.

Y. Furukawa, K. Hokkoku, Y Hagiwara, R Shirasaki, and S.

Kobayashi conceptualized, reviewed, and wrote the manuscript.



Intern Med Advance Publication DOI: 10.2169/internalmedicine.6344-25

5

STATEMENT OF INFORMED CONSENT
Informed consent was obtained from the patient for this case

report.

References

1. Uruha A, Benveniste O. Sporadic late-onset nemaline myopathy

with monoclonal gammopathy of undetermined significance. Curr

Opin Neurol.Lippincott Williams and Wilkins 30: 457-463, 2017.

2. Voermans NC, Benveniste O, Minnema MC, et al. Sporadic Late-

Onset Nemaline Myopathy with MGUS; Long-Term Follow-up af-

ter Melphalan and SCT. Neurology 83: 2133-2139, 2014.

3. Montagnese F, Portaro S, Musumeci O, et al. Sporadic late-onset

nemaline myopathy in a woman with multiple myeloma success-

fully treated with lenalidomide/dexamethasone. Muscle Nerve 51:

934-935, 2015.

4. Schnitzler LJ, Schreckenbach T, Nadaj-Pakleza A, et al. Sporadic

late-onset nemaline myopathy: Clinico-pathological characteristics

and review of 76 cases. Orphanet J Rare Dis.BioMed Central Ltd

12: 2017.

5. Naddaf E, Milone M, Kansagra A, Buadi F, Kourelis T. Sporadic

late-onset nemaline myopathy: Clinical spectrum, survival, and

treatment outcomes. Neurology 93: E298-E305, 2019.

6. Zhao B, Dai T, Zhao D, et al. Clinicopathologic Profiles of Spo-

radic Late-Onset Nemaline Myopathy: Practical Importance of

Anti-α-Actinin Immunostaining. Neurol Neuroimmunol Neuroin-

flamm 9: 2022.

7. Monforte M, Primiano G, Silvestri G, et al. Sporadic late-onset

nemaline myopathy: clinical, pathology and imaging findings in a

single center cohort. J Neurol 265: 542-551, 2018.

8. Ryan MM, Schnell C, Strickland CD, et al. Nemaline myopathy:

A clinical study of 143 cases. Ann Neurol 50: 312-320, 2001.

9. Romero NB, Sandaradura SA, Clarke NF. Recent advances in ne-

maline myopathy. Curr Opin Neurol 26: 519-526, 2013.

10. Chahin N, Selcen D, Engel AG. Sporadic Late Onset Nemaline

Myopathy. Neurology 65: 1158-1164, 2005.

11. Turnquist C, Grogono JC, Hofer M, Pitcher A. Sporadic late-onset

nemaline myopathy: a case report of a treatable cause of cardiac

failure. Eur Heart J Case Rep 5: 2021.

12. Rajkumar SV. Updated Diagnostic Criteria and Staging System for

Multiple Myeloma. American Society of Clinical Oncology Educa-

tional Book 36: e418-e423, 2016.

The Internal Medicine is an Open Access journal distributed under the Creative

Commons Attribution-NonCommercial-NoDerivatives 4.0 International License. To

view the details of this license, please visit (https://creativecommons.org/licenses/

by-nc-nd/4.0/).

Ⓒ The Japanese Society of Internal Medicine

Intern Med Advance Publication


