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SUMMARY
Checkpoint inhibitors such as nivolumab represent a
novel class of agents that are being increasingly used in
the treatment of various cancers. Their toxicities
represent unique challenges to the oncologists
prescribing them, patients’ primary care physicians and
other specialists who may encounter these patients
during consultations. It is important for physicians to
remain vigilant and include autoimmune toxicities in the
list of potential differential diagnoses in patients
receiving novel cancer therapeutics who present with
unusual toxicities. We report the unusual case of a
68-year-old woman with advanced lung cancer on the
novel chemotherapeutic Nivolumab whom we suspect
developed autoimmune myocarditis with significant
cardiac conduction disease as an unintended, and as of
yet unrecognised, side effect from this medication.

BACKGROUND
Immunotherapy has rapidly become an important
part of cancer treatment over the past several
decades. Initial success has been primarily in the
form of passive immunotherapy. However, with the
US Food and Drug Administration (FDA) approval
of the drug ipilimumab in 2011 for the treatment
of patients with stage IV melanoma, T cell-directed
immunotherapy with the goal of stimulating the
immune system has assumed an increasing role.
Tumours cells are adept at evading the immune

system through various mechanisms. One of these
mechanisms involves downregulating T cell activa-
tion through the activation of immune checkpoint
pathways and inhibitory T cell receptors. The first
clinically validated checkpoint pathway was cyto-
toxic T-lymphocyte-associated antigen 4 (CTLA-4),
which is the target of and inhibited by ipilimu-
mab.1 2 Programmed death-1 (PD-1) is another
checkpoint receptor on activated T cells that med-
iates immune suppression when it encounters the
PD-1 ligands, PD-L1 and PD-L.3 Blockade of this
interaction via anti-PD-1 antibodies such as pem-
brolizumab and nivolumab has been shown to
produce significant antitumour activity in multiple
malignancies.4–10

Amplification of the immune system through im-
munotherapy has been associated with a unique
panel of side effects known as immune-related
adverse events (irAEs). Classic examples of these
events include rash, pneumonitis, colitis, hepatitis
and various endocrinopathies.11–14 We report a sus-
pected case of autoimmune myocarditis with

concomitant de novo conduction disease after treat-
ment with the PD-1 inhibitor nivolumab.

CASE PRESENTATION
This patient was a 68-year-old woman with refrac-
tory stage IV lung adenocarcinoma, deep venous
thrombosis with pulmonary embolus on fondapari-
nux, a history of Wolff-Parkinson-White syndrome
treated successfully with catheter ablation during
her teenage and no other prior cardiac history who
presented with altered mental status, nausea and
vomiting. She was first diagnosed with metastatic
lung cancer 4 years prior when she developed
respiratory distress from a pulmonary embolus and
required prolonged mechanical ventilation. She
subsequently developed tracheal stenosis, and
during the workup of her tracheal stenosis she was
noted to have a 1.6×1.5 cm lung mass in the left
lower lobe with evidence of extension into the
fourth thoracic vertebrae. This was biopsied and
confirmed to be metastatic lung adenocarcinoma
with exon 21 epidermal growth factor receptor
mutation positivity. She underwent surgical debulk-
ing followed by chemotherapy with carboplatin
and pemetrexed with a modest tumour response.
About 1 year later, she had evidence of progres-

sion of her disease with new thoracic spinal metas-
tases that were treated with radiation therapy. A
trial of erlotinib was initiated. She developed severe
gastrointestinal toxicity from erlotinib and had to
stop therapy due to the side effects. She then had a
similar reaction to afatinib. She received carboplatin
and pemetrexed again with poor tumour response,
and then erlotinib was tried once more but she
developed unexplained thrombocytopenia. She
continued to have progression of her lung cancer
with additional metastases noted throughout her
thoracic spine on repeated imaging. She wished for
continued treatment and was deemed eligible for
therapy with nivolumab given her progressive
disease and failure of other agents. She received
two doses of this medication 2 weeks apart. Almost
1 week after her second dose of nivolumab, she
presented to our hospital experiencing altered
mental status, nausea and vomiting.
Ten days prior to this admission, the results of a

comprehensive metabolic panel were normal. Her
previous surface ECG was about 1 year prior to
admission and had no evidence of pre-excitation or
intrinsic conduction disease. She had a left heart
catheterisation performed 1 year prior for chest
pain which showed non-obstructive disease. During
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her current admission, the patient was noted to have a markedly
abnormal ECG with a right bundle branch block and a left pos-
terior fascicular block. She had a heart rate of 150 bpm and was
in moderate respiratory distress on initial examination. Other
notable laboratory studies on admission were a modest elevation
of the patient’s liver enzymes with aspartate transaminase (AST)
level of 240 U/L, alanine transaminase (ALT) level of 208 U/L
and alkaline phosphatase (ALP) level of 181 U/L. She had sig-
nificantly abnormal cardiac enzymes with serum troponin of
3.08 ng/mL, elevated creatinine kinase level of 1832 and isoen-
zyme CK-MB of 112.4 and CK index of 6.1 U/L. She also
demonstrated pleural effusions on chest radiography. The
patient was not found to be a candidate for immediate percutan-
eous coronary intervention as her altered mental status on
admission in the setting of her widely metastatic disease gave
concern for possible intracranial disease and placed her at an
unacceptably high risk of intracerebral haemorrhage from
anticoagulation.

The patient then began experiencing several electrical abnor-
malities. She had multiple ectopic beats that raised concern for
ventricular tachycardia. She had a noted change in her ECG
axis from a normal baseline to a wide rightward axis. She also
experienced a gradual conversion from initial rightward
vector to a greatly deviated rightward axis. Her ectopic beats
became more frequent as well and did eventually become sus-
tained ventricular tachycardia. Owing to this development, an
urgent bedside transthoracic echocardiogram was performed
which revealed no focal wall motion abnormalities and an
ejection fraction of 65%. The patient’s ECG series are shown
in figures 1–3.

Given the presence of abnormal cardiac markers and ventricu-
lar tachycardia in the absence of echocardiogram abnormalities
and a recent cardiac catheterisation showing non-obstructive
disease, as well as the temporal association to nivolumab admin-
istration, coronary ischaemia was not found to be the cause of
her clinical status. Furthermore, given the known association of
irAEs with nivolumab, and evidence of a current irAE with
acute transaminitis and suspected pneumonitis, autoimmune
myocarditis secondary to nivolumab was suspected.

INVESTIGATIONS
Basic science studies have demonstrated the propensity for both
CTLA-4-deficient mice and PD-1-deficient mice to develop myo-
carditis. The mechanism of this is currently not understood. It

has been suggested that PD-1 limits T-cell responses in the heart,
and inhibition of this predisposes mice to fatal myocarditis.15–17

Additionally, animal models have shown that PD-1-deficient mice
can develop autoantibodies against troponin I or other unidenti-
fied proteins.

Myocarditis is a clinically challenging condition to diag-
nose.18–20 This is in part due to the wide spectrum of presenting
symptoms of the disease, ranging from non-specific and rela-
tively benign symptoms, such as fatigue and malaise, to sudden
cardiac death. Owing to this, myocarditis is a condition that is
often diagnosed retrospectively. The currently accepted gold
standard for diagnosis requires endomyocardial biopsy and
evaluation with the Dallas criterion, which confirms the diagno-
sis with histopathology, immunochemical staining and PCR.
However, endomyocardial biopsy is an invasive test that is diffi-
cult to perform in an unstable patient. Owing to this, alternate
diagnostic criteria have been sought. Cardiac MRI is an alterna-
tive given its non-invasive nature. Abdel-Aty et al reported a set
of criterion for diagnosing myocarditis with cardiac MRI based
on three criteria: an increase in T1 and T2 signal activity con-
sistent with oedema, an increase in myocardial contrast
enhancement relative to skeletal muscle contrast enhancement
consistent with hyperaemia and the presence of late gadolinium
enhancement consistent with scar. When two of the above cri-
teria were met the diagnosis of myocarditis was made with a
specificity of 76% and a sensitivity of 96%.21

DIFFERENTIAL DIAGNOSIS
In our patient’s case, the aetiology of her marked electrical
abnormalities was unable to be confirmed, but was presumed
secondary to her myocarditis. Left heart catheterisation could
not be performed due to her clinical status. However, on
cardiac catheterisation 1 year prior, she had only minor coron-
ary disease with no major obstructive lesions noted.
Furthermore, due to the dual blood supply of the posterior fas-
cicle, a simultaneous occlusion of the right-sided and left-sided
circulations would have occurred causing this degree of com-
promise. She was unable to undergo endomyocardial biopsy
because she was too ill, and she died before cardiac MRI could
be performed. Additionally, autopsy was unable to be per-
formed. Our diagnosis of nivolumab-induced myocarditis was
supported clinically because of the strong temporal association
with nivolumab exposure and the development of her
symptoms. In addition, the cardiac biomarkers, electrical

Figure 1 Normal ECG 1 year prior. The patient’s ECG 1 year prior to presentation.
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abnormalities, transaminitis and pneumonitis all improved with
treatment with high steroids dose.

TREATMENT
The patient received amiodarone infusion and a taper of gluco-
corticoids starting with 80 mg of intravenous methylpredniso-
lone after initially being given 250 mg in the emergency
department. The values of troponin, CK-MB, AST and ALT
trended downwards over the next several hours. The burden of
ventricular tachycardia and ectopic ventricular beats lessened
but did not fully resolve.

OUTCOME AND FOLLOW-UP
She had an urgent MRI of her brain that was performed to
evaluate the changes in her mental status, which revealed the
presence of a new intracranial metastatic disease. Subsequently,
after discussion with the patient’s family, the goals of treatment
shifted to palliation and she was placed under hospice care.
About 48 hours after initial presentation, the patient became
bradycardic and hypotensive and she expired. An autopsy was
offered to the family but was declined.

DISCUSSION
We have reported a case of suspected autoimmune myocarditis
and new conduction disease with nivolumab. Although this
diagnosis could not be proven, we believe nivolumab to be the
culprit for the patient’s condition and ultimate death as

evidenced by her presentation with concurrent transaminitis and
pneumonitis, two commonly encountered irAEs with PD-1 inhi-
bitors, and reports of cardiac toxicities with other novel immu-
notherapeutics. A literature review revealed four cases of
myocarditis—one with ipilimumab, one with anti-PD-L1 anti-
body BMS-936559, one with pembrolizumab and one with
combination ipilimumab and pembrolizumab—and one case of
left ventricular dysfunction with ipilimumab.1 9 22–24 To the
best of our knowledge, this is the first reported case of conduc-
tion abnormalities and myocarditis associated with nivolumab,
and the third reported case of significant cardiac toxicity with
the novel PD-1 inhibitors.25

Learning points

▸ Nivolumab is effective across multiple malignancies and is
increasingly being used.

▸ Like the other PD-1 inhibitors, nivolumab has unique
autoimmune side effects.

▸ We believe our patient experienced autoimmune myocarditis
and we have presented a theoretical model for how this
could occur.

Twitter Follow Merry Markham at @DrMarkham

Figure 2 ECG on presentation. The
evolution of the patient’s ECG shortly
after presentation. Notable
abnormalities include the presence of
three different QRS complexes with a
fourth complex (the 6th complex in the
tracing) showing possible fusion. The
patient also has a right bundle branch
block with a wide right axis deviation.

Figure 3 ECG after amiodarone. The patient’s ECG after amiodarone. Ectopy has lessened but the patient’s right bundle branch block and right
axis deviation persists.
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