
Inflammatory Myositis in a Patient With Melanoma
Mithu Maheswaranathan, MD; Michel G. Khouri, MD; Sophia C. Weinmann, MD

A 47-year-old man with melanoma and a history of papillary thyroid cancer treated with
thyroidectomy presented with 1 week of low-grade fevers, myalgias, and proximal muscle
weakness. Three months earlier, he underwent digital amputation of his right third finger
and began adjuvant nivolumab treatment for stage IIIC acral-lentiginous melanoma.
One week later, he developed fevers, myalgias, dark urine, weakness, and difficulty walk-
ing. He had no palpitations, chest pain, or shortness of breath.

On examination, his blood pressure was 135/86 mm Hg, pulse 78/min, and he was
afebrile. He had reduced strength in bilateral proximal shoulders (3/5), elbow flexors/
extensors (3/5), and forearm flexors/extensors (4+/5). No rashes were noted.

Laboratory studies demonstrated a creatine kinase (CK) level of 111 859 U/L (reference
range, 30-220 U/L), CK-MB of 270 ng/mL (reference, <8 ng/mL), and aldolase above 500
U/L (reference, <7.7 U/L). Aspartate aminotransferase level was 1980 U/L (reference range,
15-41 U/L), alanine aminotransferase was 814 U/L (reference range, 14-54 U/L), creatinine
was 4.9 mg/dL (reference range, 0.4-1.0 mg/dL) with a previously normal baseline, and po-
tassium was 6.4 mmol/L (reference range, 3.5-5.0 mmol/L). Urinalysis showed 27 red blood
cells (reference range, 0-5) and myoglobin above 5000 μg/L (reference, 0 μg/L). Erythro-
cyte sedimentation rate was 67 mm/h (reference, <20 mm/h) and C-reactive protein was
10.2 mg/dL (reference, �0.60 mg/dL).

Magnetic resonance imaging (MRI) of the left humerus demonstrated T2 flare most pro-
nounced within the biceps and anterior lateral deltoid muscles (Figure). The patient’s elec-
trocardiogram (ECG) is also shown in the Figure.

Diagnosis
Nivolumab-induced myositis with myocarditis

What to Do Next
B. Measure troponin and natriuretic peptides, and perform an echo-
cardiogram

The key to the correct diagnosis was the presence of muscle
weakness, elevated CK, and MRI changes consistent with myositis,
occurring after nivolumab administration. Nivolumab-associated
myositis may be associated with myocarditis, which can be asymp-
tomatic. The ECG showed ST-segment elevations in the anterior
(V1-V3) and anterolateral (V4-V6) leads with PR depressions in lead II

and V4-V6, consistent with myopericarditis-type changes. Intrave-
nous immune globulin (IVIG) is an effective treatment for myositis
associated with immune checkpoint inhibitor therapy and IV fluids
would treat rhabdomyolysis, but both could cause volume overload
and acute heart failure without first evaluating left ventricular func-
tion. While muscle biopsy would definitively diagnose myositis, this
is not the most appropriate next step due to its invasive nature.

Discussion
Immune checkpoint inhibitors are monoclonal antibodies that treat
malignancies including melanoma, lung cancer, urothelial carci-
noma, and lymphoma. Immune checkpoint inhibitors can cause

Figure. Left, MRI of the left humerus with T2-weighted imaging demonstrating nonspecific myositis of the upper arm, most pronounced within the biceps and anterior
lateral deltoid muscle. Right, electrocardiogram demonstrating ST-segment elevations in the anterior (V1-V3) and anterolateral (V4-V6) leads with PR depressions in lead II,
V4-V6. These findings are suggestive of pericarditis and accentuated by hyperkalemia (potassium, 6.4 mmol/L), with peaked T waves also visible.

WHAT WOULD YOU DO NEXT?

A. Start intravenous immune
globulin

B. Measure troponin and natriuretic
peptides, and perform
an echocardiogram

C. Start intravenous fluids

D. Obtain muscle biopsy
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immune-related adverse events affecting the skin (7%-34% treated
patients reporting), gastrointestinal tract (7%-50%), and endo-
crine system (8%-23%).1,2 Rarely, rheumatic and cardiac manifes-
tations may occur.2

Rheumatic immune-related adverse events include inflamma-
tory arthritis, polymyalgia rheumatica–like syndrome, sicca syn-
drome, and myositis.3 The incidence of myositis is approximately
0.15% (27/17 620) for nivolumab monotherapy and 0.24% (7/2974)
for combination therapy with nivolumab and ipilimumab.4 Cardiac
involvement, including myocarditis and pericarditis, occurs in ap-
proximately 16% of patients with immune checkpoint inhibitor–
associated myositis.5,6 Myositis may occur sooner after administra-
tion than other rheumatic immune-related adverse events, often
within weeks.5,7 Though uncommon, myositis with immune check-
point inhibitor–associated myocarditis has an approximate 50% mor-
tality rate.5 Some patients, as in this case, are asymptomatic, and
thus cardiac screening may be useful. However, no randomized clini-
cal trials have demonstrated that using echocardiography to screen
for myocarditis in this setting improves outcomes.

Prior studies have shown that elevated troponin and abnormal
ECG findings were present in 94% and 89%, respectively, of im-
mune checkpoint inhibitor–associated myocarditis cases, even when
left ventricular ejection fraction remained normal.8 Elevated tropo-
nin, natriuretic peptide levels, and echocardiographic longitudinal
strain impairment were associated with adverse cardiac events,
including cardiovascular death, cardiogenic shock, cardiac arrest,
and complete heart block.8 Late gadolinium enhancement on car-
diac MRI has low sensitivity (48%) for diagnosis of immune check-
point inhibitor–associated myocarditis.9 Endomyocardial biopsy may
be pursued when clinical suspicion persists after nondiagnostic non-
invasive testing.4

The American Society of Clinical Oncology guidelines for im-
mune-related adverse event treatment for grade 4 myositis (weak-
ness limiting self-care activities) are as follows: (1) hold the check-
point inhibitor, (2) administer high-dose steroids (prednisone, 0.5-2
mg/kg/d or methylprednisolone, 1000 mg IV daily bolus for 3-5 days
if severe compromise [weakness severely limiting mobility, car-
diac, respiratory, dysphagia]), (3) consider IVIG, and (4) consider
other immunosuppressants in 4 to 6 weeks if symptoms persist (such
as methotrexate, azathioprine, or mycophenolate mofetil).10 For
myocarditis, recommendations based on expert opinion include
medical therapy for heart failure, cardiac rhythm monitoring, and
consideration of antiarrhythmic treatment, given the potential for
conduction disease and arrhythmic events.4

Patient Outcome
The patient had N-terminal pro–brain natriuretic peptide (NT-
proBNP) of 2238 pg/mL (reference, �125 pg/mL) and high-
sensitivity troponin of 1545 ng/L. Echocardiogram demonstrated
normal left ventricular ejection fraction (>55%) without valvular ab-
normalities or pericardial effusion. Antinuclear antibody was posi-
tive with 1:160 speckled pattern, negative extractable nuclear anti-
gen, negative double-stranded DNA, and negative myositis
autoantibody panel. Muscle biopsy demonstrated necrotizing my-
opathy, confirming a diagnosis of immune checkpoint inhibitor–
associated myositis.

He was treated with 1000 mg of IV methylprednisolone for 3
days followed by oral prednisone, and his myositis resolved with nor-
malization of CK and CK-MB. He required temporary hemodialysis,
but had full kidney recovery. Two years after initial presentation, he
continues to have normal kidney function and his myositis remains
in remission.

ARTICLE INFORMATION

Author Affiliations: Duke University, Division of
Rheumatology and Immunology, Durham,
North Carolina (Maheswaranathan, Weinmann);
Duke University, Division of Cardiology, Durham,
North Carolina (Khouri).

Corresponding Author: Sophia C. Weinmann, MD,
Duke University Medical Center, DUMC 2978,
09 Baker House, Durham, NC 27710
(sophia.weinmann@duke.edu).

Section Editor: Mary McGrae McDermott, MD,
Deputy Editor.

Published Online: August 9, 2021.
doi:10.1001/jama.2021.9025

Conflict of Interest Disclosures: None reported.

Additional Contributions: We thank the patient for
granting permission to publish this information.
We thank Himanshu Ajrawat, MD, for providing the
MRI images.

Submissions: We encourage authors to submit
papers for consideration as a JAMA Clinical
Challenge. Please contact Dr McDermott at
mdm608@northwestern.edu.

REFERENCES

1. Weinmann SC, Pisetsky DS. Mechanisms of
immune-related adverse events during the
treatment of cancer with immune checkpoint
inhibitors. Rheumatology (Oxford). 2019;58(suppl
7):vii59-vii67. doi:10.1093/rheumatology/kez308

2. Das S, Johnson DB. Immune-related adverse
events and anti-tumor efficacy of immune
checkpoint inhibitors. J Immunother Cancer. 2019;7
(1):306. doi:10.1186/s40425-019-0805-8

3. Abdel-Wahab N, Suarez-Almazor ME. Frequency
and distribution of various rheumatic disorders
associated with checkpoint inhibitor therapy.
Rheumatology (Oxford). 2019;58(suppl 7):vii40-vii48.
doi:10.1093/rheumatology/kez297

4. Johnson DB, Balko JM, Compton ML, et al.
Fulminant myocarditis with combination immune
checkpoint blockade. N Engl J Med. 2016;375(18):
1749-1755. doi:10.1056/NEJMoa1609214

5. Anquetil C, Salem JE, Lebrun-Vignes B, et al.
Immune checkpoint inhibitor-associated myositis:
expanding the spectrum of cardiac complications of
the immunotherapy revolution. Circulation. 2018;
138(7):743-745. doi:10.1161/CIRCULATIONAHA.118.
035898

6. Salem JE, Manouchehri A, Moey M, et al.
Cardiovascular toxicities associated with immune

checkpoint inhibitors: an observational,
retrospective, pharmacovigilance study. Lancet Oncol.
2018;19(12):1579-1589. doi:10.1016/S1470-2045(18)
30608-9

7. Kadota H, Gono T, Shirai Y, Okazaki Y, Takeno M,
Kuwana M. Immune checkpoint inhibitor-induced
myositis: a case report and literature review. Curr
Rheumatol Rep. 2019;21(4):10. doi:10.1007/s11926-
019-0811-3

8. Mahmood SS, Fradley MG, Cohen JV, et al.
Myocarditis in patients treated with immune
checkpoint inhibitors. J Am Coll Cardiol. 2018;71
(16):1755-1764. doi:10.1016/j.jacc.2018.02.037

9. Zhang L, Awadalla M, Mahmood SS, et al.
Cardiovascular magnetic resonance in immune
checkpoint inhibitor-associated myocarditis. Eur
Heart J. 2020;41(18):1733-1743. doi:10.1093/
eurheartj/ehaa051

10. Brahmer JR, Lacchetti C, Schneider BJ, et al;
National Comprehensive Cancer Network.
Management of immune-related adverse events in
patients treated with immune checkpoint inhibitor
therapy: American Society of Clinical Oncology
clinical practice guideline. J Clin Oncol. 2018;36(17):
1714-1768. doi:10.1200/JCO.2017.77.6385

Clinical Review & Education JAMA Clinical Challenge

E2 JAMA Published online August 9, 2021 (Reprinted) jama.com

© 2021 American Medical Association. All rights reserved.

Downloaded From: https://jamanetwork.com/ by a Duke Medical Center Library User  on 09/03/2021

mailto:sophia.weinmann@duke.edu
https://jamanetwork.com/journals/jama/fullarticle/10.1001/jama.2021.9025?utm_campaign=articlePDF%26utm_medium=articlePDFlink%26utm_source=articlePDF%26utm_content=jama.2021.9025
mailto:mdm608@northwestern.edu
https://dx.doi.org/10.1093/rheumatology/kez308
https://dx.doi.org/10.1186/s40425-019-0805-8
https://dx.doi.org/10.1093/rheumatology/kez297
https://dx.doi.org/10.1056/NEJMoa1609214
https://dx.doi.org/10.1161/CIRCULATIONAHA.118.035898
https://dx.doi.org/10.1161/CIRCULATIONAHA.118.035898
https://dx.doi.org/10.1016/S1470-2045(18)30608-9
https://dx.doi.org/10.1016/S1470-2045(18)30608-9
https://dx.doi.org/10.1007/s11926-019-0811-3
https://dx.doi.org/10.1007/s11926-019-0811-3
https://dx.doi.org/10.1016/j.jacc.2018.02.037
https://dx.doi.org/10.1093/eurheartj/ehaa051
https://dx.doi.org/10.1093/eurheartj/ehaa051
https://dx.doi.org/10.1200/JCO.2017.77.6385
http://www.jama.com?utm_campaign=articlePDF%26utm_medium=articlePDFlink%26utm_source=articlePDF%26utm_content=jama.2021.9025

