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Abstract

We report a case of immunotherapy associated myopericarditis in a patient treated with Nivolumab/Ipilimumab. We further-

more performed a comprehensive literature review regarding the biological mechanisms of cancer immunity, the pathophysiology

behind immunotherapy related adverse effects (irAEs), current guideline, and the role of immune checkpoint inhibitors to the

recurrent irAEs.
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Introduction

Immune checkpoint inhibitors have proven to be a promising and novel therapy for a variety of previously
refractory malignancies, designed to subvert the cancer-mediated suppression of the normal immune sys-
tem. Malignancies can adapt to the host environment, exacting a number of signaling cascades to evade
host detection. Malignant cells can limit recognition by downregulation of the major histocompatibility
complex (MHC) Class I molecules involved in antigen presentation to T-lymphocytes and modulate the
tumor microenvironment by dampening regulatory T-lymphocytes (Treg), myeloid-derived suppressor cells,
and tumor-associated macrophages via elaboration of multiple immunosuppressive soluble cytokines (TGF-ß,
IL10).1-5Additionally, malignant cells suppress host immune activation by upregulation of specific cell-surface
proteins such as Programmed Death Ligand 1 (PD-L1) and Cytotoxic T-lymphocyte-associated protein 4
(CTLA4) – whose ultimate function is to bind to receptors on those inflammatory, tumor-killing, tumor-
infiltrating T-lymphocytes and block pathways associated with T-lymphocyte activation, proliferation, in
turn limiting malignant cell detection and killing.6-8While many factors play a role in mediating effective
immune responses to cancer, T-lymphocytes are a cornerstone of the anti-cancer immune response and are
likely a critical factor in determining clinical outcome.

T-lymphocytes target tumor cells mainly by two mechanisms. The first mechanism involves an antigen-
specific signal through T-cell receptors (TCRs); the second mechanism involves antigen-nonspecific signals
mediated by co-signaling receptors: co-stimulatory or co-inhibitory, which act by accentuating or attenuating
T-lymphocyte responses, respectively.9,10 CD28 is an important co-stimulatory receptor, whereas CTLA-4
and PD-1 are co-inhibitors. These latter signals are essential to restrict cytotoxic T-lymphocyte effector
function. Malignancy-mediated upregulation of PD-L1 and CTLA4 leads to T-lymphocyte anergy and sup-
pression, ultimately leading to evasion of the host immune response. It was subsequently hypothesized that
blockade of the PD-1/ PD-L1 interaction or inhibition of the malignancy-mediated upregulation of PD-L1
and CTLA4, would lead to enhanced recognition of malignant cells. Backed by strong pre-clinical evidence,
these novel therapies have proven to be very effective in advanced melanoma in phase I-III trials.11-13 Two
such therapeutics, Nivolumab and Ipilimumab, designed to inhibit PD-1 and CTLA-4, respectively, have
steadily expanded their application from advanced melanoma to a variety of other advanced malignancies,
including renal cell carcinoma, colorectal cancer, non-small-cell lung cancer.12-18

While these immunotherapies have demonstrated enhanced tumor recognition and T-lymphocyte activation,
their use has been associated with several deleterious side effects, termed immunotherapy-related adverse
events (irAEs). Though the exact pathogenesis of irAEs remains to be fully delineated, it is thought to be
driven by the same immunologic mechanisms responsible for the drugs’ therapeutic effects, namely blockade
of inhibitory mechanisms that suppress the immune system and protect body tissues from an unchecked
acute or chronic immune response.19 Though a variety of irAEs have been described in the literature –
colitis, thyroid dysfunction, pneumonitis, hepatitis, and nephritis – cardiac involvement has been noted
to be exceedingly rare, with an incidence rate of less than 1%, and commonly manifests as non-specific
symptoms - dyspnea, palpitation, fatigue, and myalgia.20-24 Here we report a case of dual-immunotherapy
associated myopericarditis in an individual with metastatic renal cell carcinoma treated with combinatorial
Nivolumab/ Ipilimumab therapy and provide a brief literature review regarding the biological mechanisms
of immunotherapy and the pathophysiology behind irAEs.

Case Presentation

A 63-year-old male with a past medical history notable for a remote, seven pack-year tobacco history and
recently diagnosed Stage 4 renal cell carcinoma (PAX 8(+)/TTF-1(-)) complicated by metastasis to the right
hilum status post radiation and recent initiation of Nivolumab and Ipilimumab presented to our facility in the
context of a two-week history of shortness of breath and fatigue. Of note, four months prior to presentation
the patient visited his primary care physician in the context of a three-week history of an unexplained
cough. Chest radiograph demonstrated a right hilar mass, which was confirmed on computed tomography,
measuring 6.9 cm x 3.3 cm x 4.3 cm, and resulted in severe narrowing of the Superior Vena Cava with
associated deformity of the right upper lobe and pulmonary artery. CT also demonstrated the presence of a
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heterogenous left renal mass measuring 6.3 cm x 5.8 cm x 5.6 cm and the patient was referred for biopsy which
demonstrated metastatic renal cell carcinoma. He was subsequently initiated on radiation therapy directed
toward the hilar mass (4000cGY) with a planned two-week course, which he completed 3 weeks prior to
our hospital presentation. Following induction of radiation therapy, he was initiated on immunotherapy with
Nivolumab/ Ipilimumab. Three days following his second cycle of Nivolumab/ Ipilimumab, he presented to
our facility.

On presentation the patient reported shortness of breath that began two days after his first immunotherapy
treatment, characterized initially as dyspnea on exertion and fatigue that acutely worsened and progressed
following his second cycle of immunotherapy to involve dyspnea at rest. He had no associated fevers, chills,
chest pain, cough, leg swelling, recent travel, or sick contacts. On presentation the patient was afebrile,
tachycardic (140 beats per minute), and normotensive (SBP ranging from 100-120 mmHg), with a preser-
ved oxygen saturation (97%) on room air. Initial laboratory workup demonstrated a preserved VBG (pH
7.39/pCO2 42.9 mm Hg/pO2 31.5 mm Hg/HCO3 26.2 mEq/L) and NT-proBNP (37 pg/mL), with an ele-
vated troponin of 2.1 ng/mL, and D-dimer (1.07 mcg/mL). Complete blood count and basic metabolic panel
were unremarkable, however aspartate aminotransferase (AST) and alanine aminotransferase (ALT) were
elevated to 166 units/L and 129 units/L, respectively. Alkaline phosphatase and bilirubin were within nor-
mal limits. Creatine Kinase was elevated to 1266 units/L. Chest computed tomography (CT) demonstrated
a 6.7 cm x 4 cm right hilar mass consistent with prior imaging with no appreciable change in size compared
to the chest CT completed four months prior, with continued narrowing of the SVC (Figure 1 ). There
were multiple, small scattered irregular nodular densities throughout the right lung suspicious for metastatic
disease, without associated pleural effusions. The heterogeneous left-sided renal cell mass measuring 4.6 cm
x 5.3 cm (Figure 2 ) was once again appreciated, with noted interval decrease in size. Electrocardiogram
demonstrated sinus tachycardia, left atrial enlargement, delayed R-wave progression, and subtle, diffuse ST
elevations and PR depressions (Figure 3 ). Nuclear medicine scan was performed which demonstrated no
evidence of pulmonary embolism.

Due to concern for SVC compression and an associated demand ischemia, he received three liters of cry-
stalloid and was transferred to the medicine service for further evaluation. On presentation to the medicine
ward, he remained persistently tachycardic and demonstrated no resolution of his elevated Troponin despite
resuscitation, which peaked at 2.6 ng/mL. Echocardiography was performed that demonstrated a preser-
ved ejection fraction, mildly enlarged right ventricle, and a moderately elevated pulmonary artery systolic
pressure (47 mm Hg), with no evidence of cardiac deformation. Additional diagnostic workup revealed an
undetectable TSH (< 0.005 μIU/mL) and an elevated free T4 (5.54 ng/dL), which were previously noted
to be normal one month prior to initiation of Nivolumab/ Ipilimumab. Given his marked PR and ST
segment changes, he was given a presumptive diagnosis of immunotherapy-mediated myopericarditis and
initiated on 1mg/kg Prednisone. Cardiology and Oncology were consulted who noted a low probability of
immunotherapy-mediated myopericarditis but agreed with presumptive steroid therapy. He demonstrated
clinical improvement on prednisone and was discharged on a two-week taper with plans for outpatient follow
up with Oncology.

On follow up two weeks post-discharge, that patient continued to note symptomatic improvement with near
resolution of his underlying dyspnea. Repeat echocardiogram demonstrated no significant changes. Labo-
ratory diagnostics demonstrated a down-trending CK (322 units/L) and in discussion with his outpatient
Oncologist, steroid therapy was discontinued. Seven days following steroid cessation, the patient experi-
enced recurrence of his shortness of breath and developed associated proximal muscle weakness. Laboratory
diagnostics revealed an elevated CK (1,147 units/L) and as a result, he was re-started on steroids and
immunotherapy was abandoned.

Discussion

Mechanisms of T cell activation: co-stimulation

In the normal host immune system, T-lymphocytes aid in both surveillance and clearance of neoplastic

3
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cells. In the context of malignancy, the host immune system generally responds to cancer cells in two
ways, either by reacting against tumor-specific antigens (TSA), unique malignancy-associated molecules,
or tumor-associated antigens (TAA), molecules that are expressed by cancer cells and normal cells but
have divergent post-translational modifications.25,26 The antigen presenting cells (APCs), including dendritic
cells, natural killer cells, macrophages, and antibody-producing B lymphocytes, sample and process tumor-
specific or tumor-associated antigens and present them as TSAs or TAAs to MHC-I or MHC-II molecules
on the surface of APCs. T-lymphocytes recognize those antigens (CD4 T-lymphocytes recognize MHC-II
and CD8 T-lymphocytes recognize MHC-I, respectively) and attach to them via TCRs. To fully activate
T-lymphocytes, however, a second signal is required, mediated by either cytokines or the engagement of co-
stimulatory molecules such as B7.1 (CD80) or B7.2 (CD 86) on APCs. After the two signals co-stimulation, a
single T-lymphocyte clone that recognizes a specific tumor antigen is clonally expanded. Compared to helper
T-lymphocytes, cytotoxic T-lymphocytes are less reliant on CD28 for activation, but do require signals from
other co-stimulatory molecules such as CD70 and CD137. Meanwhile, during the process of T-lymphocyte
activation, cytokines (IL-12, IL-6, etc.) induce further differentiation of T-lymphocytes into mature helper
T-lymphocytes, Th1 or Th2, each performing a specific task in furthering the immune response.27

Immune checkpoints: regulators of the immune system.

The immune system is a finely tuned temporal balance of pro- and anti-inflammatory signals that allow for ap-
propriately timed inflammatory responses with subsequent resolution. As such, immune system stimulation
is balanced by numerous pathways designed to guard against excessive activation and prevent unnecessary
damage. Besides the well-known Tregs, which allow immune tolerance and prevention autoimmunity through
suppression of CD8 T-lymphocytes, several additional regulatory molecules have been increasingly recog-
nized as having a pivotal role.28-30 PD-1 and CTLA-4 (Table 1 ) are two examples of these regulators and
are known as immune checkpoint molecules. During the activation of T-lymphocytes, stimulation of CD28
(expressed on T-lymphocytes) by B7 (expressed on APCs) induces T-lymphocytes to produce CTLA-4, a
CD28 homolog expressed in low levels on resting T-lymphocytes.27 Upon T-lymphocyte activation, CTLA-4
moves from intercellular stores to the T-lymphocyte surface where APC interaction occurs.27,31,32 CTLA-4
has a much higher binding affinity for B7, but does not produce a stimulatory signal or even an inhibitory
signal,32-35 instead competing with CD28 for B7, in effect reducing activating signals to the T-lymphocyte,
resulting in anergy of immature/ näıve T-lymphocytes, and dampening the cytotoxic T-lymphocyte immune
response.8 Moreover, regulatory T-lymphocytes constitutively express CTLA-4, thus potentially contributing
to these cells’ ability to provide suppressive function.7

PD-1 is a glycoprotein receptor expressed on T-lymphocytes, activated B-lymphocytes, natural killer cells,
monocytes, and some dendritic cells, while its major ligands (PD-L1 and PD-L2) are found on B-lymphocytes,
dendritic cells, macrophages, as well as non-hematopoietic cells, such as vascular endothelial cells, neurons,
and certain epithelial cells.36 Though PD-L2 has a more potent affinity for PD-1 compared to PD-L1, it is
expression repertoire is much more limited, leaving its role in tumor immunity unclear.37 If T-lymphocytes
experience simultaneous binding of the TCR and PD-1, the interaction of PD-1 with PD-L1 generates signals
that prevent phosphorylation of phosphatidylinositol-3-kinase (PI3K) and downstream Akt, ultimately resul-
ting in early termination of TCR signaling and blockade of T-lymphocyte proliferation, cytokine production,
cytolytic function, and impaired T-lymphocyte survival.6,38 Therefore, PD-1 expression is a hallmark of T-
lymphocyte exhaustion, which occurs during chronic infection and cancer, and is characterized by decreased
cytokine expression and effector function of mature effector T-lymphocytes.39 In addition to the effects on
T-lymphocyte, PD-1 signaling has a variety of additional effects - inhibition of macrophages and dendritic
cell (DC) responses and blockade of the synthesis and secretion of IL-2, a cytokine crucial in T-lymphocyte
proliferation and differentiation.40-43

Malignancy and implication of immune checkpoints inhibitors (ICIs)

Malignant transformation is characterized by the ability to avoid the normal regulatory mechanisms of
cell growth, division, and immune-mediated cell death. Indeed, malignant cells are capable of upregulating
immune checkpoint proteins – increasing the expression of both PD-L1 as well as CTLA-4. Increased PD-L1
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expression has been observed in multiple malignancies, particularly in melanoma, non-small cell lung cancer
(NSCLC), and ovarian cancer.44Preclinical evidence from in vitro and in vivo murine models as well as from
clinical trials have shown that malignancy-invading T-lymphocytes can be inhibited by malignancy-related
expression of CTLA-4 or PD-1.45-47 Ipilimumab, a CTLA-4 inhibitor, was the first treatment demonstrated
to prolong overall survival in patients with advanced melanoma across several clinical trials.17,48 Following
this finding, the application of PD-1 inhibitors in patients with melanoma, NSCLC, or renal cell carcinoma
(RCC) also demonstrated significant clinical efficacy, on par with those treated with CTLA-4 inhibitors.49-54

Given the distinct mechanisms (Table 1) of CTLA-4 and PD-1 blockade with respect to T-lymphocyte
regulation, dual-blockade of both CTLA-4 and PD-1 have been suggested as therapeutic option for advanced
malignancies, due to the presumed additive or synergistic, non-overlapping mechanisms.6,55-57Indeed, prior
studies have demonstrated that CTLA-4 inhibition induced a proliferative signal mainly in a subset of T-
lymphocytes, whereas PD-1 inhibition is associated with cytolysis and natural killer cell function with several
preclinical studies and clinical trials demonstrating enhanced antitumor responses using dual ICI therapy as
compared to ICI monotherapy, with the potential caveat of increased toxicity.11,13,58-62

Immunotherapy-related adverse effects (irAEs)

Immune checkpoint molecules play a critical role in maintaining immune tolerance and prevent unnecessary
damage from excessive activation, involving several different mechanisms. Numerous studies have demonstra-
ted that deficiency or reduced expression of CTLA-4 or PD-1 leads to uncontrolled T-lymphocyte proliferati-
on, autoimmunity, multiorgan failure, and early death.63-67 The incidence of irAEs depends on several factors
including the type of ICI, dosage, monotherapy or combined therapy, and the cumulative dosage.68 According
to a meta-analysis synthesized from 22 clinical trials, irAEs cover a broad spectrum across all organ-systems,
most commonly manifesting as - dermatologic (eg. vitiligo and self-limited dermatitis), gastrointestinal (eg.
Colitis), endocrine (eg. hypothyroidism, hyperthyroidism, type 1 diabetes), hepatitis, and pulmonary (eg.
Pneumonitis) manifestations.12,69 In histopathological findings from the ICI-mediated irAE vitiligo patients,
CD4 and melan-A-specific CD8 T-lymphocytes were found juxtaposed to apoptotic melanocytes.70 Similar-
ly, T-lymphocyte infiltration was found in other common irAEs, indicating that ICIs stimulated an immune
response directed against normal cells leading to the noted multi-organ irAEs (e.g. colitis, pancreatitis, and
endocrinopathies).71,72 ICI-mediated myocarditis and pericarditis are less commonly reported, though can
be fatal.73,74 Previously published data from animal models and case reports have demonstrated the presence
of lymphocytic infiltration of the myocardium and pericardium,65,74-76 with immunohistochemical analysis
revealing the presence of markers for T-lymphocytes (CD3, CD4, CD8, and FOXp3), B-lymphocytes (CD20),
macrophages (CD68), PD-L1, and diffuse IgG and complement deposition (C3d, C4d).65,76 In a PD-1 defi-
cient mouse model, Nishimura et al. found cardiac-specific autoantibodies.65 Taken together, these findings
suggest that ICI-mediated myocarditis may result from a common, shared antigen between malignant cells
and cardiac myocytes, homologous tumor and myocardial antigens, or dissimilar antigenic targets with sha-
red epitopes.74 Further research is warranted to investigate the exact mechanism and variability not only
in incidence but the variable patterns of irAEs, even in the context of similar background malignancies in
patients treated with ICIs.

The American Society of Clinical Oncology (ASCO) published guidelines in 2018 to aid in the diagnosis and
workup of suspected cardiotoxicity secondary to immunotherapy.77 These guidelines note that diagnostic
evaluation include an ECG, troponin, NT-pro-BNP, and echocardiogram, as well as viral serologies, to
exclude alternative causes of cardiac myocyte inflammation.77 In a large series, ECG abnormalities were
noted in 89% of cases, troponin elevations were present in 94% of cases, and echocardiogram was characteristic
of a normal LVEF in 51% of cases.78The severity of myocarditis can furthermore be subclassified into four
grades (Table 2 ), with the management tailored to the grade; those with Grade 2 or above require high-dose
steroid therapy, whereas those with Grade 4 require aggressive immunosuppression and oftentimes, adjunctive
advanced heart failure supportive therapies.77 Escudier and colleagues published a descriptive observational
analysis of 30 patients with ICI-related cardiotoxicity and noted that, not surprisingly, management ought
to be individualized according to cancer status and the presence of toxicity regression.79 They furthermore
noted that corticosteroid use correlated with improved left ventricular function, and cardiotoxicity did not
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reoccur in those who underwent ICI administration.79

Despite the noted deleterious and potentially serious side effects of ICIs, the development and severity of
irAEs appeared to be associated with a clinical benefit, according to a recently unpublished study involving
124 patients with advanced sarcoma.80 In this study, Rosenbaum and colleagues found that in comparison
to those patients that developed an irAE, those patients without irAEs, not only had a decreased response
to ICI therapy (6% v. 18%), but also had a lower clinical benefit (29% v. 53%) as well as a decreased
median progression-free survival (10.6 v. 16.4 weeks).80Furthermore, when comparing patients with lower
grade irAEs (Grade 1-2) or no irAEs to those patients with higher grade irAEs (grade 3-4), the patients in
the higher grade irAE group were noted to have a significantly increased response rate (33% v. 15% v. 6%),
a higher durable clinical response (67% v. 50% v. 29%), and a longer median progression-free survival (22.6
v. 15 v. 10.6 weeks).80

Our patient presented with a constellation of symptoms; with. his initial shortness of breath aptly and quickly
attributed to an irAE in the setting of his ICI therapy for his renal cell cancer, and he was promptly initiated
on high dose steroids. His presenting laboratory diagnostics demonstrated mild transaminitis, hyperthyroi-
dism, and an elevated CK and troponin. Diagnostic imaging demonstrated the presence of a persistent mass
abutting the SVC, however physical examination demonstrated no evidence of SVC syndrome and IV hy-
dration failed to improve his symptomatology. Furthermore, while he had a prior history of radiation, the
temporal relationship between the onset of his immunotherapy and symptoms made radiation-induced injury
less likely.81 As such it appears that he presented with a mild systemic inflammatory response secondary to
ICI therapy, which subsequently responded to steroid therapy. He was ultimately diagnosed with Grade 2
myocarditis given his mild symptoms and lab abnormalities. Though the exact pathophysiological mecha-
nism remains unknown, it is likely that in this case ICI therapy resulted in a down-regulation of the normal
immune-regulatory signaling mediated by CTLA-4 and PD-1, with resultant cross-reactivity of malignancy-
associated antigens with antigens on healthy myocytes. In the ideal environment, regulatory T-lymphocytes
would ordinarily recognize the healthy cell antigen and suppress the immune response, however in the setting
of ICI therapy, these normal regulatory events are abrogated. As the patient’s symptoms returned with cessa-
tion of steroids, we suspect that the patient’s presentation was driven by the development of an autoimmune
response with associated autoantibody production. Alternatively, his presentation may also be explained
by IgG and complement deposition, as suggested in Nishimura’s study, which has been suggested to play
a role in the recurrence of symptoms.65 This would place our patient in a different subset of patient’s who
develop irAEs, as this implicates involvement of the adaptive immune system and development of memory
and effector T-lymphocytes.

Our patient also presented with thyrotoxicosis. Immune-related thyroiditis usually manifests as an early onset
of thyrotoxicosis, which is largely asymptomatic, followed by rapid transition to hypothyroidism requiring
long-term levothyroxine substitution. The incidence of immune-related thyroiditis is notably higher and
occurs with increased rapidity in those treated with a combination of ICI, warranting frequent monitoring of
thyroid function tests. Our patient had routine follow up with his oncologist for close monitoring of thyroid
function tests and subsequent initiation of levothyroxine supplementation.

Conclusions/Future Directions

It is important to have a high clinical suspicion for irAEs in those undergoing treatment with novel immuno-
therapies for their malignancies. These therapies are promising and provide hope for an improved length of
survival and quality of life in those with otherwise poor outcomes, however their associated toxicities, which
manifest as irAEs may be fatal. Immunotherapy related cardiac toxicity is an important albeit rare sequalae
of immune checkpoint inhibitor therapy. Further studies are needed to evaluate the risks and benefits of
staggered induction therapy, as has been studied in melanoma, as well as dosing manipulation to reduce the
effects of combined drug therapy.82 As more cases of irAEs are reported, it will be important not only to
determine the underlying genetic determinants that predispose to irAEs, in order to specific tailor therapy
to the patients individual genetic predisposition, but also to longitudinally follow these patients to determine
resolution of these presentations and their effects on outcomes.
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