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Cancer immune checkpoint blockade therapy and
its associated autoimmune cardiotoxicity
Jiu-cheng Zhang1, Wei-dong Chen1, Jean Bustamante Alvarez2, Kelly Jia2, Lei Shi3, Qiang Wang3, Ning Zou1, Kai He2 and Hua Zhu3

The immune checkpoint molecules are emerged in the evolution to protect the host from self-attacks by activated T cells. However,
cancer cells, as a strategy to survive and expand, can hijack these molecules and mechanisms to suppress T cell-mediated immune
responses. Therefore, an idea of blocking the checkpoint molecules to enhance the anti-tumor activities of the host immune system
has been developed and applied to the cancer therapy after discovery of the inhibitory T cell co-receptor, cytotoxic T-lymphocyte
associated protein 4 (CTLA-4), and further enhanced on the identification of PD-1 and its ligands. Since 2010, several checkpoint
inhibitors have been approved by FDA and many more are in clinical trials. In the treatment of advanced cancers, these inhibitors
significantly increased response rates and survival benefits. However, accompanied with the striking results, immune-related
adverse events (irAEs) that broadly occurred in many organs were observed and reported, some of which were fatal. Herein, we first
review the recent progressions in the research of the immune checkpoint molecules and the application of their blocking
antibodies in cancer treatment, and then discuss the cardiac toxicity induced by the therapy and the strategy to monitor, manage
this adverse event when it occurs.
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INTRODUCTION
Cancer comprises a group of diseases in which cells divide
uncontrollably, without following the normal process of cellular
growth, proliferation and differentiation. Cancer cells undergo
multiple mutations and express different antigens known as
tumor-specific antigens (TSA). They also upregulate the expression
of non-mutated molecules to abnormally high levels, referred to
as tumor-associated antigens (TAA) [1]. Both TSA and TAA can be
detected by the host immune system-activating downstream
pathways that can eliminate cancer cells. Cancer cells are able to
evade immune surveillance through overexpressing checkpoint
proteins that prevent immune cells from killing them [2]. This
process allows for them to survive and persist in the host [3]. To
overcome this survival mechanism adopted by cancer cells,
immunotherapy has emerged as a method to allow for the
immune system to activate, recognize and attack neoplastic cells.
Compared to the traditional surgical, chemotherapeutic or radio-
therapeutic approaches, immunotherapy exhibits a more favor-
able toxicity profile while treating metastatic solid tumors
systemically and provides clinical benefit with long-term disease
control [4].
Immune-checkpoint inhibition is currently one of the most

promising types of immunotherapy employed in cancer manage-
ment. It has revolutionized the treatment of various malignancies
including melanoma, non-small-cell lung cancer, renal cell
carcinoma, Hodgkin’s lymphoma, bladder cancer, head and neck

cancer, gastric cancer, liver cancer and microsatellite instability
high or DNA mismatch repair-deficient colorectal cancer and solid
tumors by improving the response rates and overall prognosis of
cancer patients. Immune checkpoints are comprised of multiple
inhibitory pathways that involve the interactions of co-receptors
and ligands expressed on the surfaces of T cells and antigen-
presenting cells. Once a T cell recognizes and binds to its cognate
antigen through the T cell receptor (TCR), the interaction exerts a
co-stimulatory or inhibitory downstream signaling to either
suppress or activate the T cell. These co-stimulatory and inhibitory
interactions also allow for the maintenance of self-tolerance under
normal physiological conditions, preventing autoimmunity and
tissue damage upon pathogenic insults [5]. In light of the immune
tolerance that occurs within the tumor microenvironment,
pharmaceutical companies have devoted significant efforts to
develop drugs that block the immune checkpoints while
activating the host’s immune system against cancer. Indeed, since
the approval of ipilimumab—a monoclonal antibody against
cytotoxic T-lymphocyte-associated protein 4 (CTLA-4) by the Food
and Drug Administration (FDA) in 2011—the era of immunother-
apy has emerged rapidly (a full list of FDA-approved checkpoint
inhibitors is shown in Table 1). Following ipilimumab, two anti-
programmed cell death-1 (PD-1) antibodies (nivolumab and
pembrolizumab) and three anti-programmed cell death ligand
(PD-L1) antibodies (atezolizumab, durvalumab, and avelumab)
have also been developed and subsequently approved by the FDA
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for treatment of various metastatic solid tumors [6–9]. With the
rapid emergence and use of the checkpoint inhibitors, a wide
spectrum of immune-related adverse events (irAEs) has been
documented [10–13]. Of all the irAEs, cardiovascular toxicity,
although rare but potentially deadly, has not been well recognized
or reported [11]. In this review, we will elaborate on the
mechanisms and clinical applications of immune checkpoint
inhibitors, focusing on CTLA-4 and PD-1/PD-L1 inhibitors and
their associated autoimmune cardiotoxicity. We will discuss the
preclinical modeling and clinical investigation of immunotherapy-
induced cardiac adverse effects, the prophylactic strategies, and
the potential treatments for checkpoint inhibitor-induced
cardiotoxicity.

IMMUNE CHECKPOINT THERAPY
Role of co-stimulatory and co-inhibitory molecules
The immune system performs the surveillance and clearance of
transformed malignant cells. T lymphocytes, as a major compo-
nent of the human immune system, play an essential role in both
processes [14]. Once the T cell receptor recognizes a tumor
antigen presented by major histocompatibility complex I or
II molecules expressed on antigen-presenting cells (APCs) or
tumor cells, co-stimulatory and co-inhibitory interactions take
place on the cell surface (summarized in Table 2), resulting in

either the activation or inhibition of T cells [5, 15]. CD28 is an
example of a well-studied stimulatory T cell co-receptor, which can
bind to CD80 (also known as B7-1) or CD86 (also known as B7-2)
expressed on ACPs. This interaction subsequently decreases the
threshold required for the full activation of T cells (Figs. 1a, b).
Furthermore, CD28 also mediates co-stimulatory signaling that
contributes to cytokine production and enhances T cell prolifera-
tion and differentiation [16].

Inhibitory co-receptor CTLA-4
CTLA-4 is a co-inhibitory molecule that can suppress T cell activity
upon binding of CTLA-4 to B7 expressed on the surface of APCs.
The regulation of T cell inhibition is critical in that it balances T cell
activation to prevent auto-immunity [9, 16–18]. Therefore, CTLA-4
(also known as CD152) represents a relevant checkpoint to target
in clinical practice given its role in overcoming tumor induced
immunosuppression. The CTLA-4 molecule is structurally related
to CD28 with approximately 30% sequence homology but has a
greater affinity for binding to the ligands B7-1 and B7-2 [19]. CTLA-
4 is originally located in the intracellular compartment, but after
binding with CD28 and B7, it is upregulated and translocates to
the surface of T lymphocytes and subsequently competes with
CD28 for binding of B7-1 and B7-2 [9, 16, 20], thereby dampening
the synergetic CD28 co-stimulatory effect on TCR activation
(Fig. 1a) [9, 16, 20–22]. In addition to the physical competition, the

Table 1. Summary of FDA-approved checkpoint inhibitors

Name Target Trade name Company First approval year

Ipilimumab CTLA-4 Yervoy Bristol-Myers Squibb Co. 2011

Pembrolizumab PD-1 Keytruda Merck & Co., Inc. 2014

Nivolumab PD-1 Opdivo Bristol-Myers Squibb Co. 2014

Atezolizumab PD-L1 Tecentriq Genentech, Inc. 2016

Avelumab PD-L1 Bavencio EMD Serono, Inc. 2017

Durvalumab PD-L1 Imfinizi AstraZeneca UK Limited 2017

Table 2. Summary of T cell co-receptors, their ligands, and functions

Co-receptor Ligand (alias) Stimulatory or inhibitory

CD28 CD80 (B7-1), CD86 (B7-2) Stimulatory

ICOS (CD278) ICOSL (B7-H2) Stimulatory

4-1BB (CD137) 4-1BBL Stimulatory

OX40 (TNFSF4, CD134) OX40L Stimulatory

CD27 CD70 Stimulatory

GITR (glucocorticoid-induced TNFR-related protein) GITR ligand Stimulatory

DR3 (death receptor 3) TL1A (TNF-like ligand 1A) Stimulatory

HVEM (herpesvirus entry mediator) LIGHT Stimulatory

LIGHT HVEM Stimulatory

CTLA-4 CD80, CD86 Inhibitory

PD-1 PD-L1, PD-L2 Inhibitory

BTLA (B and T-lymphocyte attenuator) HVEM Inhibitory

CD160 HVEM Inhibitory

KIR (killer-cell immunoglobulin-like receptors) HLA class I Inhibitory

LAG3 (lymphocyte-activation gene 3) HLA class II Inhibitory

TIM3 (T-cell immunoglobulin and mucin-domain containing-3) Galectin-9 Inhibitory

TIGIT (T cell immunoreceptor with Ig and ITIM domains) CD112, CD113, CD155 Inhibitory

Adenosine A2a receptor Adenosine Inhibitory

Unknown B7-H3 Inhibitory

Unknown B7-H4 Inhibitory
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engagement of CTLA-4 with ligands leads to the activation of
downstream phosphatases SHP-2 and PP2A, which dephosphor-
ylate kinases, including FYN, LCK and ZAP-70 as well as the
members of the RAS pathway, therefore reducing IL-2 production
and preventing the progression of the cell cycle in activated T cells
(Fig. 1a) [16]. CTLA-4 is consistently expressed in Treg cells, both
on the cell surface and intracellularly [16, 23, 24]. The specific
depletion of CTLA-4 in Treg cells results in spontaneous lympho-
proliferation and autoimmune diseases [16, 24]. These findings
indicate that the molecule may also negatively regulate an
immune response via upregulation of Treg cell activities. Overall,
CLTA-4 plays a key role in immune suppression through both the
inhibition of conventional effector T cells and promotion of
regulatory T cells.

Clinical applications of CTLA-4 blocking antibody
Allison et al. explored in preclinical models the effects of CTLA-4
blockade. They used mouse models that were injected with

murine colon carcinoma cells and showed that administration of
anti-CTLA-4 antibody dramatically restrained the tumor cell
growth compared with the control group [25]. Although the
authors did not investigate the mechanism by which CTLA-4
blockade induced tumor regression, the results provided evidence
supporting their hypothesis that releasing the suppression of
inhibitory co-receptors on T cell activation and T cell-mediated
immune responses can greatly enhance tumor rejection by the
host immune system. In a novel syngeneic murine prostate cancer
model, Allison’s lab further confirmed the effectiveness of CTLA-4
blockade-mediated cancer cell rejection [26]. In combination with
a granulocyte/macrophage colony-stimulating factor (GM-CSF)-
expressing tumor cell vaccine, the blocking anti-CTLA-4 antibody
successfully evoked CD8+ T cell-dependent immune responses to
induce tumor regression in mice infused with highly tumorigenic,
poorly immunogenic murine melanoma cells, while either the
tumor vaccine or the CTLA-4 blocking antibody alone exhibited no
or little effect [27].
These encouraging preclinical findings led to the design of

clinical trials to test two fully humanized CTLA-4 blocking
antibodies, tremelimumab and ipilimumab. In a phase III clinical
trial, tremelimumab failed to show survival benefit in treating
patients with naive, unresectable stage IIIc or IV melanoma
compared to the standard-of-care chemotherapy (temozolamide
or dacarbazine). On the other hand, ipilimumab tested in two
phase III, double blinded, randomized clinical trials showed
improved response rates, overall survival, progression-free survival
and duration of response in patients with treated or untreated
advanced melanoma. Up to 60% of patients in the ipilimumab
group had more than 24 months of clinical response. Overall, 11%
of patients in the ipilimumab group also exhibited objective
clinical responses compared to 2% in the gp100 (melanoma
vaccine) group. The average survival time for patients in the
ipilimumab group was 3.5 months; 20% of patients experienced
long-term survival (2 year median survival was 18% in the
ipilimumab group vs 9% in the dacarbazine group) [28–30]. In
2011, the FDA approved ipilimumab for treating late-stage
melanoma, and the drug is currently under study for its use in
treating non-melanoma cancers, with or without other conven-
tional or immuno-therapies. [5, 9].

Inhibitory PD-1/PD-L1 signaling
In 1992, Tasuku and colleagues at Tokyo University identified
PD-1 in the search of genes upregulated during programmed cell
death using subtractive hybridization [31]. Although the molecule
was named “programmed cell death-1”, it was later discovered
that the main function of PD-1 was not directly related to
apoptosis, but rather, the main function was as a negative
regulator of T cell activation and T cell-mediated immune
responses. These experiments demonstrated that compared to
wild-type controls, the PD-1 deficient mice were more susceptible
to developing T cell-mediated autoimmune diseases such as
arthritis, glomerulonephritis and autoimmune myocarditis. [17].
PD-1 protein is composed of 288 amino acid residues, forming

four domains [32–35]. Unlike CTLA-4, whose expression is mainly
restricted to T cells, PD-1 is more broadly expressed on many cell
types, including activated CD4+ and CD8+ T cells, B cells,
monocytes, natural killer cells and dendritic cells (DCs) [36–38].
Specifically, PD-1 expression on T cells can be induced by cytokine
(IL-2, IL-7, IL-15 and IL-21) receptors that share a common γ chain
(CD132), as well as by different T cell regulators, including NFATc1,
Foxo1, Notch and IRF9 [39–43].
The primary effect of PD-1 signaling is to inhibit TCR activation

through both direct inhibition of TCR signaling and indirect
interference of co-stimulatory receptor-mediated signaling cas-
cades. Upon engaging its ligand, PD-1 recruits and activates a
tyrosine phosphatase, SHP-2, which dephosphorylates TCR CD3ζ
and Zap-70, preventing the initiation of TCR signaling and

Fig. 1 Schematic diagram of the molecular actions of CTLA-4 and
PD-1 on inhibiting T cell function. TCR binds to the antigen peptide
presented by HLA class I and class II molecules to initiate cellular
signaling. CD80 and CD86 expressed on antigen-presenting cells
interact with CD28 on T cells, inducing the activation of the PI3K-
Akt-mTOR pathway, which co-operates with the TCR signaling to
activate the downstream Ras/MEK/Erk pathway for the full activation
of T cells. a Once TCR signaling is initiated, intracellular CTLA-4
translocates to the cell surface and competes with CD28 for binding
to CD80 and CD86; phosphorylated CTLA-4 also recruits and
activates phosphatases PP2A and SHP-2, which dephosphorylates
PTEN and subsequently inactivates PI3K/Akt/mTOR signaling. b TCR
signaling induces the upregulation of PD-1. The interaction of
PD-1 with its ligands leads to the phosphorylation of PD-1, which
recruits and activates SHP-2. Similar to the scenario for CTLA-4, PTEN is
activated, and PI3K/Akt/mTOR signaling is inhibited. In addition, the
activation of PD-1 impairs the activity of the Ras/MEK/Erk pathway
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transduction to the downstream effects [44]. Meanwhile, active
SHP-2 also releases the inhibitory phosphorylation on PTEN
(phosphatase and tensin homolog), which leads to the activation
of PTEN’s lipid phosphatase function and consequently inhibits
CD28-mediated PI3K-Akt-mTOR (mechanistic target of rapamycin)
signaling cascades, as well as impairs the activity of the Ras/MEK/
Erk signaling pathway through dephosphorylation of the kinases
(Fig. 1b) [45, 46]. Similar to CTLA-4, PD-1 is also highly expressed in
Treg cells. By increasing the expression of Foxp3 (forkhead box
P3), a master transcription factor of Treg cell population, PD-1
promotes the growth and function of these regulatory T cells [47].
To this day, two ligands of PD-1 have been identified and

characterized, PD-L1 (also known as B7-H1, CD274) and PD-L2
(programmed cell death ligand 2, also known as B7-DC, CD273).
PD-L1 was first discovered in 1999 by Chen and colleagues using
an expressed-sequence tag database search based on the
homology sequence of CD80 and CD86 [48]. 1 year later, the
molecule was identified as the binding ligand and function
partner of PD-1 [2]. 2 years after the discovery of PD-L1, two
laboratories independently identified the second PD-1 ligand and
named it PD-L2. PD-L1 and PD-L2 have 38% homology at the
amino acid sequence level [49], but they exhibit distinctly different
cellular distribution profiles. PD-L1 is expressed on many types of
immune cells, including T cells, B cells, monocytes, macrophages
and DCs, as well as some non-hematopoietic cell populations.
However, PD-L2 is mainly expressed on DCs, although it is
upregulated on monocytes and macrophages once they are
activated [37]. Notably, PD-L1 is often overexpressed on various
cancer cells as a mechanism for triggering PD-1 signaling that
suppresses the anti-tumor activities of tumor-infiltrating
T lymphocytes [50].

Clinical applications of PD-1 and its ligand PD-L1
The mechanism employed by cancer cells to evade tumor
suppression via PD-1 signaling and downstream T cell inhibition
led to the development of PD-1/PD-L1 inhibitors. These mono-
clonal antibodies disrupt PD-1 signaling, reduce its downstream
inhibitory effects on TCR, and ultimately enhance the T cell-
mediated tumor cell elimination [50]. Since 2010, two PD-1
monoclonal antibodies (mAbs) and three PD-L1 mAbs have been
approved by the FDA to treat malignant tumors. The clinical trial
results showed that anti-PD-1/PD-L1 therapies have induced
regression and improved survival in several solid organ cancers
and hematological malignancies [6, 50, 51]. Nivolumab is the first
anti-PD-1 antibody that showed significant clinical benefits with a
consistent objective response rate (ORR) of 30–40% in patients
with melanoma (NCT00730639, NCT01721772 and NCT01844505)
and up to 87% in those with relapsed or refractory Hodgkin’s
lymphoma [52–54]. In addition, compared to patients receiving
chemotherapy, nivolumab demonstrated an overall extended
survival rate in patients with advanced (stage IIIB and IV)
squamous-cell non-small-cell lung cancer (NSCLC) who had
progressed. First-line chemotherapy patients who received
nivolumab lived 3.2 months longer than those treated with
docetaxel. At 1-year follow-up, the overall survival rate was 42%
(95% CI, 34 to 50) in the nivolumab group vs. 24% (95% CI, 17 to
31) in the docetaxel group. The median progression-free survival
with nivolumab was 3.5 months vs. 2.8 months with docetaxel
[55]. Pembrolizumab is another PD-1 inhibitor similar to nivolu-
mab in efficacy and safety for the treatment of melanoma and
NSCLC. Compared with ipilimumab, however, perbrolizumab
exhibits a higher efficacy and a far better survival rate, which
suggests different mechanisms underlying the PD-1 and CTLA-4
signaling pathways and their respective immune system regula-
tions. To date, pembrolizumab has been FDA approved for the
treatment of many metastatic solid tumors, including advanced
melanoma, NSCLC with PD-L1 expression greater than 50% (a first
line monotherapy), or metastatic non-squamous NSCLC (as

combination therapy with carboplatin and pemetrexed), refractory
classical Hodgkin lymphoma, bladder cancer, recurrent or meta-
static head and neck cancer that progressed during or after
platinum-based therapy, gastric cancer and microsatellite instabil-
ity high-grade tumors or with deficient mismatch repair mechan-
isms that have progressed on prior treatments [6, 50, 51].
PD-L1-blocking mAbs can eliminate the interactions of PD-1 and

PD-L1 as well, therefore attenuating the suppressive effect
mediated by PD-1. The clinical trial on anti-PD-L1 mAb used to
treat patients with metastatic urothelial bladder cancer supported
this hypothesis. The trial results showed significant induction of
cancer regression in the anti-PD-L1 cohort. Patients with PD-L1-
positive tumors treated with PD-L1 inhibitor had a 43% ORR vs.
11% in those with PD-L1 negative tumors [56]. In an expanded
clinical trial conducted on patients with multiple cancer types
being treated with anti-PD-L1 mAb, the best anti-tumor responses
observed were in those with tumors expressing high levels of PD-
L1. This finding suggests that the level of PD-L1 expression may be
a useful screening and prognostic tool when initiating anti-PD-L1
inhibitor therapy [57].

The adverse effects induced by the checkpoint inhibitor
immunotherapy
Immune checkpoints play a critical role in limiting excess T cell
activation and immune responses; therefore, the inhibition of
these co-receptors often breaks the balance between immunity
and tolerance. Immune checkpoint-blocking mAbs have been
associated with a variety of irAEs, including colitis, dermatitis,
nephritis, endocrinopathies, hepatitis, pneumonitis and myocardi-
tis [9, 11, 12] (summarized in the reference article [58]). The irAEs
are graded according to the Common Terminology Criteria for
Adverse Events. In patients receiving ipilimumab, 64–80% devel-
oped irAEs, and of those, 23% were Grade 3/4. Up to 79% patients
treated with pembrolizumab had irAEs, with 13% being Grade 3/4.
When ipilimumab and nivolumab were combined, the incidence
of irAEs reached 96% with 55% being Grade 3/4. [29, 59–61].
Although most irAEs were mild, transient and reversible, the
ipilimumab and nivolumab combination treatment was discon-
tinued in approximately 40% of patients [11]. Furthermore, some
adverse events can be associated with severe consequences. For
example, cardiac toxicities such as myocarditis can be fatal.

Preclinical evidence of autoimmune myocarditis
In a CTLA-4-deficient mouse model in which CTLA-4 expression
was specifically disrupted in the resident cells in lymph node and
spleen, the accumulation of activated T lymphocytes was
observed in the heart, liver, lung, bone marrow and pancreas
tissues. Electron microscopic examination of the myocardium from
these mice revealed the presence of fibroblast proliferation,
neutrophils, macrophages and few lymphocytes in ill-defined
edematous areas, which eventually led to myocardial infarctions.
Myocardial failure was thought to be the cause of early death of
these mice at the 3rd and 4th weeks [18].
Similarly, PD-1-deficient mice started to die at the 5th week [17].

The study showed that the depletion of PD-1 resulted in dilated
cardiomyopathy with severely impaired contraction and conges-
tive heart failure followed by sudden death. The hearts collected
from knockout mice exhibited diffuse deposition of immunoglo-
bulin G (IgG) on the surface of cardiomyocytes, and all PD-1
knockout mice had circulating high-titer IgG autoantibodies
against an autoantigen expressed on the cell surface of
cardiomyocytes. Interestingly, the defect was not observed in
PD-1 and Rag-2 (recombination-activating gene-2) double knock-
out mice in which only a few T and B cells were present due to loss
of Rag-2 mediated TCR and B cell receptor gene rearrangement.
This finding indicated the contribution of self-reactive T cell-
mediated B cell autoantibody production. Tarrio et al. determined
that myocardial damage was induced by PD-1-CD4+ T cells and
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PD-1-CD8+ T cells and concluded that both subsets of T cells
required PD-1 to maintain their tolerance on self-components on
the myocardium [62]. Meanwhile, PD-L1, a ligand of PD-1, is
expressed in both human [48] and murine heart [2]. The Lichtman
group used cytotoxic T cells to induce myocarditis. They found
that the genetic deletion of both PD-1 ligands, PD-L1 and PD-L2,
as well as treatment with PD-L1 inhibitor, caused a transient
myocarditis to progress to a lethal disease, which confirms the
pivotal role of PD-1 signaling in protecting the myocardium from
self-reactive T lymphocytes [63]. In another investigation pub-
lished in the same year, a Japanese group utilized PD-L1 and PD-
L2 blocking antibodies to study the role of these two PD-1 ligands
in the development of murine acute myocarditis caused by viral
infection. They found that PD-L1, but not PD-L2, played a pivotal
role in suppressing myocardial inflammation during infection, as
demonstrated by the increased expression of IFNγ, FasL, CD40L,
perforin and viral genomes in myocardial tissue in the presence of
PD-L1 blocking antibody [64]. Furthermore, PD-L1 deficiency in
Murphy Roths Large mice (genetically predisposed to autoimmu-
nity) caused lethal autoimmune myocarditis, with infiltrating
macrophages and T cells predominantly detected throughout
the heart along with heart-specific autoantibodies [65].
The incidences of cardiotoxicity have been reported in patients

receiving checkpoint inhibitor therapy, including several fatal
cases. In patients treated with ipilimumab and combination of
ipilimumab and nivolumab, myocardial fibrosis, left ventricular
dysfunction, Takotsubo cardiomyopathy and late-onset pericardi-
tis were reported [10, 66–69]. There was one fatal case of
myocardial infarction in a patient with NSCLC who received
pembrolizumab [70]. In another clinical trial with ipilimumab plus
nivolumab, two cases of fulminant myocarditis and myositis were
described [71]. Both were melanoma patients who had a history of
hypertension without any other cardiac risk factors. Histological
analysis of myocardial biopsy demonstrated the infiltration of
CD4+ T and CD8+ T cells and macrophages in the myocardium,
cardiac sinus and atrioventricular nodes. Generally, patients who
received combined immune checkpoint inhibitors (anti-CLTA-4
plus anti-PD-1 or anti-PD-L1) were more susceptible to developing
severe myocarditis than those getting nivolumab immunotherapy
[71]. Myocarditis was also noted to be an early cardiotoxicity
diagnosed on average 17 days after the initial treatment [71].
To manage myocarditis associated with immune checkpoint

inhibitor therapy, cardiac monitoring with serum troponin I and
electrocardiogram early after treatment initiation is recommended
[11, 13]. When a diagnosis of myocarditis is suspected, immu-
notherapy should be discontinued temporarily while starting
corticosteroids. Grade 3 or 4 myocarditis requires permanent
discontinuation of the immunotherapy, and systemic oral or
IV steroids should be started at 1 to 2mg/kg/day for 3 days followed
by a gradual taper over at least 1 month to avoid the recurrence or
worsening of irAEs. The steroid doses can be adjusted based upon
the severity or grade of the adverse effect. Endomyocardial biopsy
may be considered before the therapy is permanently discontinued
[13, 72]. Of note, extra caution may be required in using checkpoint
inhibitors in patients with systemic autoimmune diseases, as they
may develop subclinical myocarditis without obvious signs and
symptoms [11]. In addition, the development of cardiac protective
agents that can be co-administered with checkpoint inhibitors will
be critical to preventing cardiac irAEs.

CONCLUSION
The ultimate goal in battling cancer is to achieve the specific
recognition and effective elimination of malignant cells with
minimum/tolerable side effects. The immune checkpoint inhibitor
therapy has emerged as a milestone in the cancer treatment in
recent years. It inhibits the suppression on T cell activation and
anti-tumor activities and thereby effectively increases the

response rate, induces cancer regression and improves patient
survival. However, a high incidence of adverse events is associated
with this therapy, ranging from mild to severe cases. Cardiotoxicity
related to immunotherapy use is one of the rare but life-
threatening irAEs that deserves special attention. Better under-
standing of the mechanism, early recognition and diagnosis and
prompt treatment are critical in managing cancer patients with
cardiotoxicity related to immunotherapy.
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