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【 CASE REPORT 】
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Abstract:
Cardiac side effects associated with immune checkpoint inhibitors (ICIs) are an uncommon but serious

complication with a relatively high mortality. We experienced a case of cardiomyopathy induced by

nivolumab. Echocardiography showed diffuse hypo-kinesis of the left ventricular cardiac wall and a signifi-

cant decrease in the ejection fraction, like dilated cardiomyopathy. The myocardial biopsy showed non-

inflammatory change; cardiac function gradually improved after treatment of acute heart failure without a

corticosteroid. Although non-inflammatory left ventricular dysfunction induced by ICIs is rare, it is a reported

cardiovascular toxicity. Physicians should consider this complication when treating patients with ICIs for ma-

lignant diseases.
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Introduction

After the programmed cell death-1 (PD-1) gene was

cloned (1), an anti-PD-1 antibody (2) was rapidly developed

as an immune checkpoint inhibitor (ICI). ICIs have become

an important treatment option for malignant tumors (2, 3).

As a rheostat for immune responses, PD-1 is a powerful tar-

get for immunological therapy, with highly effective clinical

applications for cancer treatment (4). Recently, ICI mono-

therapy was established for patients with non-small-cell-lung

cancer (NSCLC) (5-9), and combination treatment using an

ICI and cytotoxic agents has rapidly developed for NSCLC

and small cell lung cancer (10-13).

However, as ICI therapy has been frequently used, various

immune-related adverse events (irAEs) have been re-

ported (14). Although cardiac effects associated with ICIs

are rare among irAEs, they are often serious complications

with high mortality. We experienced a case of non-

inflammatory diffuse left ventricular dysfunction like dilated

cardiomyopathy induced by nivolumab monotherapy and de-

scribe it herein.

Case Report

A 79-year-old man was diagnosed as having squamous

NSCLC stage IVA, cT3N2M1a in October 2017 in our hos-

pital. He was started on docetaxel therapy (50 mg/m2) in

November 2017. After 6 cycles, right pleural effusion in-

creased, and docetaxel was discontinued based on the diag-

nosis of disease progression. Therefore, he was started on

nivolumab therapy bi-weekly (1 to 10 cycles: 3 mg/kg and

from 11 cycles: 240 mg/body) as second-line treatment in

March 2018. After 3 cycles of nivolumab, palliative radio-
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Figure　1.　a and b: Chest X-ray and computed tomography scan showing cardiomegaly and bilat-
eral pleural effusion. c and d: Cardiomegaly and pleural effusion are improved after treatment of 
heart failure.

therapy (30 Gy) was administered for bone metastasis that

was located in the fifth vertebra as a new lesion. Because of

the patient’s wishes, nivolumab was continued until 17 cy-

cles without discontinuation of treatment. Right pleural effu-

sion disappeared at about 7 cycles and the patient’s general

condition improved.

At 20 days after 17 cycles of nivolumab (day 1), he de-

veloped dyspnea and was urgently admitted to our hospital.

Vital signs on admission were as follows: consciousness,

clear; body temperature, 36.5℃; blood pressure, 94/58

mmHg; pulse rate, 86 beats/min and regular; oxygen satura-

tion on room air, 93% at rest and 85% on light exertion;

respiratory rate, 28 breaths/min. The physical examination

on admission revealed the following: New York Heart Asso-

ciation functional class, 4; cardiac sounds, no murmur; chest

auscultation, coarse crackles in both lungs; and body surface

findings, swelling of both jugular veins and pitting edema of

both lower extremities. The chest X-ray and computed to-

mography on admission showed edema predominantly in the

right lung, bilateral slight pulmonary effusion, and cardiac

dilatation (Fig. 1a, b). The electrocardiogram revealed atrial

flutter (Fig. 2a). Findings of the laboratory analysis were as

follows: white blood cell count, 8,400/μL (with normal dif-

ferential); red blood cell count, 463×104/μL; hemoglobin

level, 15.0 g/dL; platelet count, 29.9×104/μL; C-reactive pro-

tein level, 0.4 mg/dL; creatinine kinase (CK), 76 IU/L (nor-

mal range: 62-287 IU/L); CK-myocardial band (MB), 15

IU/L (normal range: 0-23); troponin I level, 92.7 pg/mL

(normal range: 0-26 pg/mL); and brain natriuretic peptide

(BNP) level, 1,061.5 pg/mL (normal range: <18.4 pg/mL).

Echocardiography showed diffuse hypo-kinesis of the left

ventricular cardiac wall with left ventricular ejection fraction

(LVEF) of 20% (Fig. 3a, b), which significantly decreased

in comparison to that of 73% in June 2017. Additionally,

thicknesses of the interventricular septum and left ventricu-

lar posterior wall were 9.5 mm and 9.6 mm, respectively,

and they were within normal range. On the basis of these

findings, we diagnosed the patient with acute heart failure.

Coronary angiography revealed no significant stenosis of

the coronary arteries, and cardiac magnetic resonance imag-

ing did not show inflammatory changes or cardiac fibrosis.

Further, a myocardial biopsy was performed from the endo-

cardial side of the right ventricle. Pathological findings of

the biopsy showed, slight infiltration of inflammatory cells,

and interstitial fibrosis between the myocardial fibers

(Fig. 4a, b), which was not compatible with myocarditis. Fi-

nally, the patient’s heart failure was diagnosed as cardio-

myopathy due to nivolumab.

The heart failure was started treatment with continuous

infusion of furosemide (40 mL/day), infusion of dopamine 4

μg/kg/min and oral tolvaptan 7.5 mg once daily. On day 4,

his oxygen saturation was recovered 93% to 97% on room

air, body weight was reduced 58 kg to 53 kg and edema

was disappeared, therefore infusion of dopamine and oral

tolvaptan were stopped and furosemide infusion was trans-

ferred to oral furosemide 20 mg once daily. Furthermore,

the bisoprolol 1.25 mg, spironolactone 25 mg and enalapril

1.25 mg once daily were prescribed as well. At the same

time, atrial flutter on admission was reverted to normal sinus

rhythm without cardioversion (Fig. 2b). On day10, fu-
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Figure　2.　a: Electrocardiogram at the time of admission showing atrial flutter. b: The finding has 
normalized on day11.

Figure　3.　a and b: Echocardiogram (a: systolic phase and b: diastolic phase) at the time of admis-
sion showing a low left ventricular ejection fraction (LVEF). c and d: Echocardiogram (c: systolic 
phase and d: diastolic phase) at 4 months after discharge showing normal LVEF.

rosemide 20 mg was reduced to 10 mg once daily and bi-

soprolol was changed to carvedilol 2.5 mg twice daily, be-

cause brood pressure dropped to 80/44 mmHg and bi-

soprolol was not tolerated. His heart failure gradually im-

proved (Fig. 1c, d), and he was discharged on day 44 with

medication of carvedilol 2.5 mg twice daily, furosemide 10

mg once daily and spironolactone 25 mg once daily.

About 2 months after the onset of heart failure, LVEF
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Figure　4.　Histological findings of the myocardial biopsy specimen (a: Hematoxylin and Eosin stain-
ing, ×100 magnification, b: Masson trichrome staining, ×100 magnification) showing fibrosis of the 
myocardial tissue, a little infiltration of inflammatory cells (white arrows), and interstitial fibrosis 
between the myocardial fibers (black arrows).

Table.　Laboratory and Echocardiographic Data.

Before 

Chemotherapy
Day1 Day11 Day52 Day80 Day108 Day136 Day192 Day248

Laboratory data

WBC (103/μL) 6.4 8.4 5.4 - 6.7 7.7 5.7 4.1 4.9

CRP (mg/dL) 0.10 0.40 1.96 - - 6.79 2.38 0.47 0.76

BNP (pg/mL) - 1,061.5 - - 62.3 48.4 52.7 57.0 68.9

Troponin I (pg/mL) - 92.7 48.1 - 10.4 3.2 1.7 3.2 2.4

CK (U/L) - 76 25 - 27 22 31 31 38

CK-MB (U/L) - 15 6 - - - - - -

Echocardiographic data

LVDd (mm) 43 48 52 45 - 50 44 43 42

LVDs (mm) 25 44 47 38 - 41 30 31 27

IVSTd (mm) 10.7 9.5 9.0 8.0 - 7.0 8.8 7.0 8.7

PWTd (mm) 9.6 9.6 9.0 8.3 - 8.5 10.2 9.0 8.7

LAD (mm) 33 36 33 24 - 24 26 24 28

LVEF (%) 73 20 22 35 - 37 61 56 68

WBC: white blood cells, CRP: C-reactive protein, BNP: brain natriuretic peptide, CK-MB: creatinine kinase-myocardial band, LVDd: left ventricu-

lar end-diastolic diameter, LVDs: left ventricular end-systolic diameter, IVSTd: interventricular septal end-diastolic thickness, PWTd: posterior 

wall end-diastolic thickness, LVEF: left ventricular ejection fraction, LAD: left atrial diameter

was slightly recovered to 35% from 20% on admission.

Carvedilol could not be increased and enalapril was quit, be-

cause he was sometimes aware of orthostatic hypotension.

About 3 months after the onset of heart failure, because his

heart failure was well controlled and orthostatic hypotension

was disappeared, carvedilol was increased to 5 mg twice

daily. About 4 months after the onset of heart failure, LVEF

was recovered to 61% on the echocardiogram, and Troponin

I and BNP levels also returned to normal (Fig. 3c, d, Table).

Furosemide and spironolactone were gradually eliminated.

Discussion

ICIs can have significant cardiac adverse effects, such as

myocarditis, cardiomyopathy, heart failure, arrhythmia, and

cardiac arrest (15). According to the safety databases of

Bristol-Myers Squibb Corporate, about the occurrence of

events in patients treated with nivolumab, ipilimumab or

both, cardiac toxicity induced by ICIs treatment has been es-

timated to occur in less than 1% (16). Combination therapy

with both drugs was associated with more severe and fre-

quent myocarditis than nivolumab alone (0.27% versus

0.06%) (16). Thus, cardiotoxicities in patients treated with

nivolumab alone would be very rare. Herein, we described a

patient who developed nivolumab-induced cardiomyopathy

at 10 months after initial administration of the drug. Emerg-

ing data suggest that cardiotoxic effects usually occur early

after exposure to an ICI. Escudier and colleagues (17) re-

ported 30 cases of ICI-mediated cardiotoxicity, among

which the median time from the start of treatment to the
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presentation of cardiotoxic effects was 65 days, but it ranged

widely from 2 to 454 days. As our case indicates, delayed

cardiotoxic effects can also occur.

We diagnosed our patient as having dilated cardiomyopa-

thy based on following findings: echocardiography showed

diffuse hypo-kinesis of the left ventricular cardiac wall with

a significant decrease in the LVEF of 20% in comparison

with the previous finding; absence of significant stenosis of

the coronary arteries; result of the cardiac muscle biopsy

specimen showed myocardial interstitial fibrosis without in-

flammatory changes; and cardiac function gradually im-

proved after treatment of acute heart failure without admini-

stration of a corticosteroid. We do not know the onset of

cardiomyopathy because we did not assess the patient’s car-

diac function frequently until the development of heart fail-

ure. Lyon et al. (18) reviewed ICIs and cardiovascular toxic-

ity. In their article, non-inflammatory left ventricular dys-

function was reported as one type of cardiovascular toxicity.

Our patient did not have apical ballooning syndrome, which

was reported in several case reports (19-22). Dilated cardio-

myopathy has been rarely reported as a type of cardiovascu-

lar toxicity due to an ICI until now.

The mechanism of cardiomyopathy related to ICIs is not

clear. Nishimura et al. (23) reported that a PD-1 knockout

(KO) mouse developed spontaneous severe dilated cardio-

myopathy with sudden death. Furthermore, they found that

the PD-1 KO mice had deposition of immunogloblin G on

the surface of cardiomyocytes, which was later recognized

to be an anti-cardiac troponin I antibody by Okazaki et

al. (24). Cytotoxic T-lymphocyte antigen-4 (CTLA-4) KO

mice also develop autoimmune myocarditis with infiltration

of CD4+ and CD8+ T cells in the myocardium (25). Baban et

al. (26) reported that cardiomyocyte programmed cell death

ligand-1 (PD-L1) expression is upregulated in cardiac stress

and disease, including ischemia-reperfusion injury and left

ventricular hypertrophy in preclinical models. PD-L1 signal-

ing might have cardioprotective action that suppresses exces-

sive myocardial inflammation. We speculate that the inhibi-

tion of CTLA-4, PD-1 or PD-L1 can result in autoimmune

T-cell mediated cardiotoxicity, and direct inhibition of PD-L

1 might also accelerate pre-existing heart disease, and poten-

tially cause non-inflammatory cardiomyocyte dysfunction.

Although early detection of immunotherapy-mediated car-

diotoxic effects before severe, life-threatening complications

develop is important, there is no evidence-based algorithm

for surveillance of these effects. Mahmood et al. reported

that 94% cases of ICI-associated myocarditis showed eleva-

tion of the troponin level, and assessing such levels at base-

line and at each cycle may be valuable (27). However, an-

other study reported that troponin was not always elevated

in patients who had nivolumab-induced cardiotoxicity (17).

Conversely, Mahmood et al. reported that the concentration

of BNP or N-terminal BNP was increased in only 66% of

patients (27). Although left ventricular systolic dysfunction

was common, severe systolic dysfunction with an LVEF <

35% was present in only 46% of cases (17, 27). Thus, there

is no useful methods for specific and early detection of ICI-

related cardiotoxicity. In our case, troponin and BNP levels

were elevated, but CK and CK-MB levels were normal on

admission. We think these findings indicated that cardio-

myopathy progressed gradually after the initiation of

nivolumab. Elevation of the troponin or BNP level indicates

damage to the myocardium, even if symptoms are not pre-

sent. If cardiotoxicity is suspected, physicians should con-

sider discontinuing ICI treatment in the early stage, depend-

ing on the severity of the patient’s condition.

This case report has two limitations. First, we did not

prove the presence of the anti-cardiac troponin I antibody in

plasma, deposition of the antibody on the surface of cardio-

myocytes, or expression of PD-L1 in cardiomyocytes. Sec-

ond, it is difficult to evaluate the effect of other treatments,

i.e., docetaxel or palliative radiotherapy, on cardiac function.

Conclusion

Although there are some case reports about ICI-mediated

myocarditis, a case of dilated cardiomyopathy without in-

flammatory change induced by nivolumab is rare. When

physicians encounter acute heart failure in patients treated

with nivolumab, they need to have a high index of clinical

suspicion of this disease and make an early diagnosis.

In the present case, we made the final diagnosis based on

the myocardial biopsy findings, but we needed to carefully

consider the indication for the biopsy because of its invasive

nature. Cardiac function gradually improved after discon-

tinuation of nivolumab and treatment of acute heart failure.

In similar cases, we think that it is important to make an

early assessment of cardiac function and to consider discon-

tinuing the administration of nivolumab.
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