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Background: Severe myocarditis associated with electrical conduction abnormalities and occasionally heart failure
has been well documented following treatment with immune checkpoint blockade with an estimated incidence of
less than 1%. However, the incidence, early detection, and management of less severe immune-related myocarditis
are unknown since most immunotherapy trials have not included routine cardiac monitoring. Herein, we provide
the first description of subclinical or smoldering myocarditis with minimal signs and symptoms following immune
checkpoint blockade with a single dose of ipilimumab and nivolumab.

Case presentation: Our patient was diagnosed with immune checkpoint blockade-induced myocarditis based
upon an acute rise in serum cardiac troponin | beginning 2 weeks after the initial dose of ipilimumab/nivolumab
consistent with the reported median onset of clinical myocarditis at 17 days, as well as a lack of other causes
despite extensive cardiac evaluation. The patient initially presented with intractable nausea with no known
gastrointestinal etiology. High dose glucocorticoid therapy led to rapid resolution of nausea and a four-fold
decrease in troponin | over 4 days. Serum troponin | spiked again following a steroid taper to 13 times the
upper limit of normal with endomyocardial biopsy revealing collagen fibrosis and lymphocytic inflammation
predominantly comprised of CD8+ T cells consistent with chronic smoldering myocarditis. Serum anti-striated muscle
antibodies were also detected with no evidence of rhabdomyolysis. Serum cardiac troponin | levels as an indicator of
ongoing myocyte damage gradually improved with chronic prednisone at 10 mg daily. Late addition of intravenous
immunoglobulin was associated with rapid normalization of creatine kinase-myocardial band.

Conclusions: This case demonstrates that subclinical, smoldering myocarditis may occur following immune checkpoint
blockade, with evidence of both humoral and cell-mediated immunity responsive to corticosteroid therapy. This experience
supports early monitoring for myocarditis with serial electrocardiograms and serum troponin | determinations in large,
prospective cohorts of patients receiving combination immune checkpoint blockade as early detection and initiation of
immunosuppression may forestall fulminant presentation of this disease and limit myocardial damage.
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Background

Immune checkpoint blockade (CPB) with monoclonal
antibodies such as ipilimumab targeting cytotoxic T-
lymphocyte-associated protein 4 (CTLA-4) or nivolumab/
pembrolizumab targeting programmed cell death protein
1 (PD-1) have revolutionized the treatment of advanced
melanoma and many other common malignancies. These
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agents activate T cells by inhibiting the interaction of T
cell surface proteins (CTLA-4/PD-1) with their respective
ligands on antigen presenting cells and tumor cells. Under
normal conditions, these interactions limit autoimmune T
cell activation against host tissues and induce exhaustion
of activated T cells to limit collateral damage at sites of
infection. Blockade of these checkpoints unleashes anti-
tumor immunity, but also facilitates autoreactivity
against normal tissues which manifests clinically as im-
mune-related adverse events (irAEs). Approximately 20%
of patients receiving anti-PD1 therapy, 30% receiving
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ipilimumab monotherapy, and 55% receiving ipilimumab
and nivolumab (ipi/nivo) combination therapy will experi-
ence serious irAEs including dermatitis, colitis, hypo-
physitis, hepatitis, pneumonitis, nephritis and, more
rarely, myocarditis [1].

Severe myocarditis associated with chest pain, dyspnea,
and electrical conduction delays has been well documented
and is more frequent following ipi/nivo combination
therapy, with an estimated incidence of 0.3% and 5
deaths among 8 cases from one database [2, 3]. A 2016
review of cardiotoxicity associated with CPB in this journal
described four cases of acute myocarditis following ipi-
limumab with or without anti-PD1 therapy with two
fatalities [4]. However, the incidence, early detection, and
management of less severe immune-related myocarditis are
unknown since most immunotherapy trials have not in-
cluded routine cardiac monitoring using electrocardiogram
(ECQ) or serum cardiac troponin I (cTnl) measurements.
Herein, we provide the first description of subclinical or
“smoldering” myocarditis with minimal signs and symp-
toms following immune CPB with a single dose of ipi/nivo.
Further, we suggest that early detection and initiation of
corticosteroids may forestall fulminant presentation of this
disease and limit myocardial damage.

Methods

Clinical and laboratory data were collected by extraction
of the electronic medical record. Weekly troponin I
measurements were obtained in this patient treated
with ipilimumab and nivolumab given prior reports of
myocarditis. Serial cI'nl measurements were made using the
Siemens Centaur XP Immunoassay System at the University
of Alabama at Birmingham Hospital Lab. Selected samples
were also assayed using the Beckman Coulter UniCel DXI
800 Immunoassay System and concordance was verified. To
exclude heterophilic antibodies as a cause for false-positivity,
selected samples were assayed on both the Siemens and
Beckman Coulter instruments with and without poly-
ethylene glycol pre-incubation shown to remove 98% of
heterophilic antibody interference [5].

Case presentation

A 49-year-old Caucasian female with no cardiac risk
factors aside from mild hyperlipidemia underwent wide
local excision and regional lymphadenectomy to remove a
BRAF wild type cutaneous melanoma of the right anterior
chest involving a single right axillary sentinel lymph node
(Stage IITA). She received 1 month of adjuvant intravenous
interferon and remained clinically disease-free for 8 years
before biopsy confirmation of multiple, bilateral pulmonary
metastases. As initial therapy for metastatic melanoma,
she received ipilimumab at 3 mg/kg and nivolumab at
1 mg/kg. Serum cTnl levels were within the normal
range (0.02-0.06 ng/mL) 2 weeks prior to treatment
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and again on day 1 of ipi/nivo. Two days after initiating
treatment, she experienced painless anterior neck swelling
representing treatment-related thyroiditis which resolved
spontaneously but subsequently required thyroid hor-
mone supplementation.

Two weeks after the first dose of ipi/nivo, she developed
nausea unrelieved by ondansetron and proton pump in-
hibition with normal amylase, lipase and transaminases.
Magnetic Resonance Imaging (MRI) of the brain was
normal 5 days before CPB and again 4 months later.
Additional workup revealed elevated ¢Tnl to 0.19 ng/mL
(3x upper limit of normal [ULN]) which more than dou-
bled over the next 4 days to 0.44 ng/mL (7x ULN) (Fig. 1).
Creatine kinase—myocardial band (CK-MB), was initially
normal but became mildly elevated to 6.3 ng/mL (normal
<5 ng/mL). Total creatine kinase was minimally elevated
at 335 U/L (normal <190 U/L) indicating no significant
myositis. An ECG did not demonstrate conduction delays
or ST changes, and echocardiogram showed a left ven-
tricular ejection fraction of > 55% with normal wall
motion and no significant valvular abnormalities. Cardiac
MRI including T2-weighted spin echo images and late
gadolinium enhanced images with an inversion recovery
gradient echo sequence was normal with no evidence of
focal myocardial fibrosis, scarring or inflammation. She
had no active or antecedent symptoms suggestive of viral
illness, absolute lymphocyte count was normal, and
serology was negative for hepatitis B, hepatitis C, and
HIV. Cardiology was consulted and felt that the clinical
presentation and workup was not suggestive of ischemia.
Checkpoint blockade was discontinued, and intravenous
methylprednisolone was initiated at 125 mg daily for
presumed immune-mediated myocarditis. Following 3 days
of high dose intravenous glucocorticoid, her nausea
resolved and cTnl declined to 0.26 ng/mL (4x ULN)
with a normal CK-MB level. Steroid therapy was con-
verted to oral prednisone at 1 mg/kg daily and tapered
over 1 month. c¢Tnl levels nadired at 0.11 ng/mL (1.8x
ULN) but climbed again to 0.78 ng/mL (13x ULN)
2 months after therapeutic dose prednisone was discon-
tinued and 4 months following the only dose of ipi/nivo
(Fig. 1). To exclude heterophilic antibodies as a source of
false positive cTnl elevation, serum was assayed with and
without polyethylene glycol pre-incubation and no anti-
bodies were detected. The patient was negative for
rheumatoid factor and renal function remained normal,
excluding other potential causes for cTnl elevation.
CK-MB, which had been normal for several months,
became elevated again at 7.6 ng/mL (1.5x ULN) and
total CK was again minimally elevated. The patient was
asymptomatic, and repeated ECG, echocardiogram and
cardiac MRI were normal. Serum brain natriuretic peptide
levels were normal, indicating absence of excessive left
ventricular wall stress [6]. To establish a diagnosis, right
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Fig. 1 Serial Cardiac Troponin | levels following a single dose of Ipi/Nivo. High dose glucocorticoids started - end of steroid taper D initiation

of prednisone at 10 mg daily, % and initiation of intravenous immunoglobulin . Vertical dashed line represents the previously reported median
onset of clinical myocarditis at 17 days following immune CPB. Horizontal dashed line represents the upper limit of normal for serum cTnl at 0.06 ng/mL

heart catheterization with endomyocardial biopsy showed
areas of early collagen deposition admixed with inflam-
matory cells (Fig. 2). The inflammation was not seen
adjacent to or encroaching on normal cardiac myocytes.
Immunohistochemistry (IHC) revealed the great majority
of the inflammatory cells were CD3+ T cells and CD68+
macrophages. Furthermore, the majority of the T lympho-
cytes were CD8+ granzyme B+ cytotoxic cells and a minor-
ity CD4+ helper cells. Only rare CD20+ B lymphocytes and
CD138+ plasma cells were noted. An exercise SPECT myo-
cardial perfusion study showed no abnormality to explain
the clinical or histopathologic findings. Thus, the patient
was thought to have CPB-induced smoldering myocarditis

persisting for almost 4 months and resulting in myocardial
fibrosis with preserved myocardial function.

Computed tomography (CT) scans of the chest, abdo-
men and pelvis performed 7 months after the initiation of
CPB demonstrated stable disease with multiple persistent
lung metastases up to 40 mm in diameter (Fig. 3). Due to
reluctance to use more potent immunosuppression in the
setting of stable metastases, chronic, low-dose prednisone
was started at 10 mg daily following the myocardial biopsy.
As depicted in Fig. 1, cTnl levels steadily declined during
the first 8 weeks of low dose prednisone but subsequently
plateaued near 0.3 ng/mL (5x ULN) with persistent mild
elevation of CK-MB at 84 ng/mL (1.68x ULN) and

number of macrophages

Fig. 2 Endomyocardial biopsy revealed. a Focal mononuclear inflammatory infiltrate in early collagenized areas. b CD3 immunohistochemistry
demonstrated abundant T lymphocytes while CD20 (not shown) showed only rare B lymphocytes. € CD8 immunohistochemistry showed most T
lymphocytes were cytotoxic cells while CD4 staining (not shown) showed positivity in a minority of cells. d CD68 revealed also a significant
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metastases followed similar clinical courses with no new disease

Fig. 3 Serial chest CT images showing a representative left lower lobe metastasis over time (arrows). The nodule progressed for 3 months prior
to ipi/nivo (image (a) to image (b)) but remained relatively stable 7 months following immunotherapy (image (c)). Three additional pulmonary

intermittent atypical chest discomfort at the cardiac apex.
Initial measurement of serum anti-striated muscle anti-
bodies was mildly elevated at a titer of 1:120 (Mayo Clinic
Laboratory). Intravenous immunoglobulin (IVIg) was ad-
ministered at 400 mg/kg daily for 2 days beginning
227 days following initiation of CPB. Two weeks later the
CK-MB level normalized after being persistently elevated
on 8 consecutive determinations over the preceding
4 months and has remained normal on 3 consecutive ana-
lyses over 1 month. The rate of decline in cTnl levels also
accelerated following intravenous immunoglobulin (Fig. 1)
and repeat assay for serum anti-striated muscle antibodies
became negative.

Discussion and conclusions

Although uncommon, myocarditis is an established irAE
following CPB, especially combination therapy with
ipi/nivo. The immunotherapy literature has focused
upon severe cases associated with chest pain, heart block,
arrhythmias, heart failure and even sudden death [2, 7].
However, myocarditis of other diverse etiologies may
present as incidental detection of elevated serum cTnl with
little or no symptoms [6]. Both ECG and c¢Tnl measure-
ments are recommended as initial diagnostic tests for
suspected myocarditis and are gradually being adopted as
screening tests during early ipi/nivo treatment. However,
ECG and even cardiac MRI may be normal in the presence
of significant myocarditis [6]. Our patient was diagnosed
with CPB-induced myocarditis based upon an acute rise in
cTnl beginning 2 weeks after the first dose of ipi/nivo
consistent with the reported median onset of clinical myo-
carditis at 17 days [2, 7], as well as a lack of other causes
despite extensive cardiac evaluation. Her presentation was
associated with intractable nausea with no known gastro-
intestinal etiology. High dose glucocorticoid therapy led to
rapid resolution of nausea and a four-fold decrease in cTnl
over 4 days. Serum cTnl spiked again following a steroid
taper with endomyocardial biopsy revealing collagen

fibrosis and lymphocytic inflammation consistent with
chronic smoldering myocarditis which responded gradually
to chronic prednisone at 10 mg daily.

Since subclinical myocarditis following immune CPB
has not been previously described, the natural history of
this entity is unclear but may parallel viral myocarditis.
Most chronic viral myocarditis is lymphocytic and auto-
immune where initial viral infection of the myocardium
leads to recognition of self-antigens with persistent
anti-cardiac antibodies and inflammation despite viral
clearance based upon endomyocardial biopsy [8]. Myo-
cardial fibrosis is frequently co-localized with inflamma-
tion and contributes to chronic dilated cardiomyopathy
and ventricular arrhythmias [9]. Early diagnosis and treat-
ment with prednisone or cyclosporine improves long term
outcomes [8]. Myocardial fibrosis has also been reported
in three patients with cardiotoxicity associated with CPB
[4]. Another possibility is that the patient would have
developed fulminant myocarditis, but this outcome was
prevented with early corticosteroid use. Our case together
with several recent reports strongly suggests the need for
additional research involving large patient cohorts with
serial ECGs and c¢Tnl measurements especially during the
first 2 months of immune CPB to better characterized the
incidence of subclinical myocarditis, its natural history
and response to treatment to potentially reduce long-term
sequelae of myocardial fibrosis and dilated cardiomy-
opathy or reduce progression to fulminant myocarditis
[2, 4, 7, 10]. For patients receiving immunotherapy who
experience unexplained troponinemia, endomyocardial bi-
opsy should be considered to look for pathological evidence
of myocarditis according to the Dallas criteria [11, 12].

Under physiologic conditions, CTLA-4 and PD-1 are
known to protect the heart from immune-mediated dam-
age. Specifically, CTLA-4 knockout mice develop rapidly
fatal autoimmune myocarditis mediated by CD8+ T cells
while PD-1 knockout mice survive longer but also develop
spontaneous myocarditis and dilated cardiomyopathy [13].
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T cells and macrophages infiltrate the myocardium, and
cardiac specific auto-antibodies are thought to play a
major pathogenic role in some genetic backgrounds
[14, 15]. In models of T-cell-mediated myocarditis, PD-
L1 up-regulation in cardiac myocytes appears to be a
cytokine-induced cardio-protective mechanism that is
abrogated by immune CPB [2, 16, 17].

Once a diagnosis of immune-mediated myocarditis is
strongly suspected, immune CPB should be discontinued
and immunosuppression promptly initiated based upon
the severity of the presentation [7]. In clinically ambiguous
situations, endomyocardial biopsy should be considered
before CPB is permanently discontinued to avoid un-
necessary withdrawal of potentially effect therapy for the
underlying malignancy. High dose glucocorticoids are rec-
ommended for severe cases, but our experience indicates
chronic, low-dose prednisone may be sufficient for sub-
clinical presentations. Our patient demonstrated evidence
of a humoral immune component with elevation of serum
anti-striated muscle antibodies and rapid normalization of
CK-MB levels following IVIg. Although infliximab is com-
monly used for steroid-refractory colitis or pneumonitis
following CPB, it has been associated with heart failure
[18]. Anti-thymocyte globulin or tacrolimus may be con-
sidered in refractory cases given their success in treating
cardiac allograft rejection [7].

This case demonstrates that subclinical, smoldering
myocarditis may occur following immune checkpoint
blockade and respond to corticosteroid therapy. It is
unclear whether this case represents an early presentation
of fulminant myocarditis that was forestalled with prompt
immunosuppression, or a more subacute process with
distinct pathophysiology. Regardless, this experience sup-
ports early monitoring for myocarditis in large, prospective
cohorts of patients receiving combination CPB, which is
becoming more widely used to treat a broad array of
malignancies in patients achieving long term survival.
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