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A Case of Acute Heart Failure due to Immune Checkpoint
Blocker Nivolumab
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Abstract

Immune checkpoint inhibitors can be potentially cardiotoxic. It has
not been frequently reported in the literature. Cardiomyopathy with
these agents can have early onset and may start with non-specific
symptoms like fatigue, weakness before presenting with obvious fea-
tures of acute heart failure. Rapid progression and fulminant course
of this disease necessitate high index of clinical suspicion and early
diagnosis. High-dose steroids should be instituted early to blunt the
immune response against myocardium. Further bigger studies are
needed to fully understand the pathogenesis of this condition.
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Introduction

Immune checkpoint inhibitors consist of ipilimumab, an anti-
cytotoxic T-lymphocyte-associated antigen 4 (CTLA-4) an-
tibody, nivolumab and pembrolizumab, which are anti-pro-
grammed death-1 (PD-1) antibodies. Nivolumab inhibits PD-1
receptor on T cells and blocks PD-1 pathway-mediated anti-
tumor immune response inhibition [1]. Apart from malignant
melanoma, non-small cell lung cancer (NSCLC) and renal cell
carcinoma (RCC), nivolumab has been found to exhibit effec-
tive antitumor activity in patients with relapsed or refractory
B- and T-cell lymphomas who received pretreatment [2]. Due
to aberrant activity of autoreactive T cells, immune checkpoint
inhibitors have been found to be associated with dermatitis,
endocrinopathies, colitis, pneumonitis and hepatitis [3]. Cardi-
otoxicity associated with immune checkpoint inhibitors when
used alone or in combination is rare and has been reported only
in a few case reports and case series studies [3, 4]. We present a
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case of acute heart failure in a patient started on nivolumab for
treatment of angioimmunoblastic T-cell lymphoma (AITL).

Case Report

A 76-year-old female patient with history of psoriatic arthritis
treated with methotrexate and ustekinumab in the past, sei-
zure disorder on leviteracetam and AITL with central nervous
system (CNS) involvement was admitted to our hospital on
July 19, 2018 due to extreme fatigue and worsening shortness
of breath (SOB) over a period of 1 week. Her SOB was new
and rapidly worsened to be present even with minimal exer-
tion. She complained of orthopnea but no paroxysmal noctur-
nal dyspnea. Patient was diagnosed with AITL in January 2018
and was treated with brentuximab vedotin, cyclophosphamide,
doxorubicin, prednisone, and etoposide along with intrathecal
methotrexate for CNS involvement. She was started on a com-
bination of brentuximab and nivolumab 22 days prior to this
hospitalization. On our initial examination in cardiac care unit,
her blood pressure was 67/48 mm Hg, heart rate 104 beats per
minute (bpm), temperature 97.2 Fahrenheit, respiratory rate 31/
min and saturation 96 % on 1.5 liters of oxygen via nasal can-
nula. Her total leucocyte count was 11 x 103 cells/mL (reference
range: 4 - 11 x 103), hemoglobin 9.7 g/dL (reference range: 12
- 15.5), blood urea nitrogen (BUN) 30 mg/dL (reference range:
5 - 24), creatinine 1.2 mg/dL (reference range: 0.3 - 1.5), serum
sodium 128 mmol/L (reference range: 134 - 146), potassium 5.3
mmol/L (reference range: 3.5 - 5.2), carbon dioxide (CO,) 22
mmol/L (reference range: 24 - 32), troponin I 0.060 ng/mL (ref-
erence range: 0.0 - 0.030) and brain natriuretic peptide (BNP)
892 pg/mL (reference range: 0 - 100). Electrocardiogram (ECG)
showed sinus tachycardia with no ST-T changes (Fig. 1). Chest
X-ray revealed interstitial edema and bibasilar pleural paren-
chymal opacification. Transthoracic echocardiogram (TTE) was
significant for severely reduced left ventricular ejection fraction
(LVEF) of less than 20 %, moderate pericardial effusion, mod-
erate mitral regurgitation (MR), severe tricuspid regurgitation
(TR) and mildly dilated right ventricular cavity (Fig. 2a, b). TTE
in June 14, 2018 had revealed LVEF of 55 %, grade I diastolic
dysfunction, mild MR/TR with no pericardial effusion (Table
1, Fig. 3a-c). Computed tomography (CT) chest showed bilat-
eral small pleural effusions and a small new pericardial effusion
(Fig. 4). Viral serology from peripheral blood was non-reactive
for adenovirus, enterovirus, Coxsackie virus, Ebstein-Barr virus
(EBV) and cytomegalovirus (CMV). She was negative for hepa-
titis B/hepatitis C and human immune deficiency virus (HIV) in
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Figure 1. ECG on July 27, 2018: left axis deviation, sinus tachycardia
and low voltage.

the recent past. Thyroid-stimulating hormone (TSH) was 2.612
ulU/L (reference range: 0.5 - 5.0) and serum protein electropho-
resis did not reveal any monoclonal protein peak.

A Swann-Ganz catheter was placed to monitor cardiac
hemodynamics. Her cardiac index was 1.5 L/min/m?. Patient
was started on milrinone drip. Timely mixed venous oxygen
saturation was drawn and milrinone was up-titrated to up to 0.6
mg/kg/min to achieve optimal cardiac output. Patient was also
on norephinephrine drip to maintain a mean arterial pressure of
65 mm Hg or more. She was also treated with 1 mg/kg of intra-
venous solumedrol. After 3 days, patient did not show any sign
of improvement on inotrope support and underwent implanta-
tion of right-sided axillary Impella 5.0 and Impella RP. Repeat
TTE on July 28 showed LVEF of less than 20 %, severely di-
lated right ventricle and mild pericardial effusion. Patient con-
tinued to remain sedated and ventilated after Impella implanta-
tion. An extensive discussion was done between the patient’s
family members including her power of attorney, primary on-
cologist and cardiologist. In view of extremely poor prognosis
of her widely spread T-cell lymphoma and acute de novo heart
failure, family opted to terminally extubate the patient.

Discussion

Immune checkpoint inhibitors have been found to be promis-
ing in inducing antitumor activity in malignancies including
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Figure 2. Echocardiogram obtained during hospital admission showing
low ejection fraction.

melanoma, NSCLC, RCC and T- and B-cell lymphomas but
overall immune-mediated adverse reactions have been found
to be as high as 40% [5]. These agents can have significant
cardiac adverse effects that can manifest as autoimmune myo-
carditis, cardiomyopathy, cardiac fibrosis, heart failure and car-
diac arrest [4]. Cardiac toxicity per se has been estimated to
occur in less than 1% patients receiving this immunotherapy.
Combination of ipilimumab and nivolumab has been found
to produce more severe and frequent cardiotoxicity compared
to patients on nivolumab alone [3]. It has been previously re-
ported that two or more organs systems can have simultaneous

Table 1. Two-Dimensional Transthoracic Echogardiogram (TTE) Report on July 21, 2018

Pericardium Moderate pericardial effusion

Left ventricle

Severely reduced systolic function, ejection fraction estimated at less than 20%, unable to assess left ventricle diastolic

function (tachycardia), mild asymmetric hypertrophy

Right ventricle Cavity mildly dilated

Right atrium Cavity mildly dilated
Inferior vena cava
Mitral valve
Tricuspid valve
Aortic valve

Pulmonic valve

Dilated (> 2.1 cm) with less than 50% respiratory collapse with an estimated right atrial pressure of 15 mm Hg
Mild to moderate regurgitation on color-flow PW Doppler

Moderate to severe regurgitation on color-flow PW Doppler

The aortic valve is sclerotic without reduced excursion, no stenosis, trace regurgitation on color-flow PW Doppler

The pulmonic valve was not well visualized, trace regurgitation on color-flow PW Doppler

In comparison to the previous study dated June 14, 2018, there is significant change noted (moderate pericardial effusion is seen and LVEF is se-

verely reduced at < 20%).
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Figure 3. (a) Echocardiogram done on June 14, 2018 showing normal ejection fraction by biplane. (b, c) Echocardiogram done

on June 14, 2018.

immune-mediated manifestations with ipilimumab (7%) and
ipilimumab-nivolumab (31%). Thus special attention needs
to be paid for development of cardiotoxicity in those patients
who have already experienced an immune-mediated reaction
but in absence of predictive biomarkers it is difficult to prevent
an impending immune-mediated reaction [6]. The mechanism
of adverse events related to immune checkpoint inhibitors has
not been fully understood. Studies in mice have shown that de-
ficiency of CTLA-4 induces severe myocarditis due to rampant

Figure 4. CT chest showing bilateral pleural effusion.
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lymphocytic infiltration [7]. Since PD-1 is known to be cardio-
protective as it inhibits tissue inflammation and myocardial
damage, studies have shown that mice with PD17/~ CD8" T
cells compared to mice with PD17/* CD8" T cells tend to de-
velop severe myocarditis [8]. Spontaneous autoimmune dilated
cardiomyopathy can also be seen in mice with PL-1 deficiency
[9]. Thus, checkpoint inhibitors likely lower the threshold of
activation of T cells against the self-antigen in the heart [4].

In a case series of eight patients, cardiotoxicity occurred
within 4 - 22 weeks after initiation of check point inhibitors
alone or in combination [4]. In another case series of two pa-
tients, fulminant myocarditis occurred within 12 - 15 days of
initial therapy. All of these patients were started at 1 mg/kg
of nivolumab alone or in combination [3, 4]. In our case, pa-
tient presented with low output cardiogenic shock within 22
days of initiation of nivolumab 1 mg/kg, which was her only
new medication. Endomyocardial biopsy can show features
of interstitial inflammation suggested by infiltration of lym-
phocytes and interstitial fibrosis. Cardiac magnetic resonance
imaging (MRI) can reveal enhanced T2 signal suggestive of
underlying myocardial edema suggestive of myocarditis. Our
patient presented with cardiogenic shock and could not be
subjected to endomyocardial biopsy but cardiac MRI could
have been contemplated if she had stabilized during the course
of treatment. Significant drop in LVEF in echocardiography
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in absence of other identifiable causes can indicate immune-
mediated cardiotoxicity in patients recently started on immune
therapy. Though there is no definite treatment protocol in gen-
eral, smaller studies have shown improvement in LVEF with
intravenous methyl prednisone 1 - 2 mg/kg while in the hos-
pital. This can be transitioned to oral prednisone on discharge
and tapered over a period of month [4]. There are no bigger
studies conducted so far to determine the prognosis of such
cases but few case series have shown recovery in around 60 %
cases with some permanent decrease in LVEF [3, 4].

Conclusions

Clinicians must be aware of the potential cardiotoxicity of im-
mune checkpoint inhibitors. It can have early onset and may
start with non-specific symptoms like fatigue, weakness before
presenting with obvious features of acute heart failure. Rapid
progression and fulminant course of this disease necessitate
high index of clinical suspicion and early diagnosis. Endomyo-
cardial biopsy can reveal features of myocarditis and fibrosis,
but due to its invasive nature, may not be a suitable test in criti-
cally ill patients. Careful history, examination and interpreta-
tion of basic non-invasive test like echocardiography can give
clue to diagnosis. High-dose steroids should be instituted early
to blunt the immune response against myocardium. Further
bigger studies are needed to fully understand the pathogenesis
of this condition so that more specific and effective treatment
strategies can be devised.
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