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Heart failure in cancer: role of checkpoint inhibitors
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Abstract: The introduction of immune checkpoint inhibitors have greatly improved clinical outcomes
in several cancer types, revolutionizing the management of a wide variety of tumors endowed with poor
prognosis. Despite its success, high grade immune related adverse events were observed in patients treated
with checkpoint inhibitors. While cardiotoxicity was largely underestimated in initial studies, numerous
reports of fulminant myocarditis and fatal heart failure (HF) have been recently described. In this review we
discuss possible mechanisms involved in cardiac toxicity triggered by inhibition of cytotoxic T lymphocyte
antigen 4 (CTLA-4) and programmed cell death 1 (PD-1) pathway, the most prominent checkpoint
inhibitors available in the clinic. Major cardiovascular events associated with checkpoint inhibitors

adds another layer of complexity in cancer therapy and urges for an interdisciplinary approach between

oncologists, cardiologists, and immunologist.
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Introduction

The interaction of the heart with cancer and cancer treatment
has recently become a topic of high interest in scientific
community. Indeed recent findings suggest that heart
failure (HF) can trigger tumor growth: The group of R. de
Boer demonstrated that presence of HF enhanced tumor
growth (1). On the other side, there are several anti-cancer
medications that might lead to HF. Therefore, the
discipline Cardio-oncology was coined to describe strategies
on detection, monitoring, and treatment of cardiovascular
diseases occurring as a side effect of chemotherapy and
radiotherapy (2). Cardiotoxicity can occur as a result of
cancer therapy or be accelerated in patients which present
traditional risk factors. Earlier studies showed how cancer
patients exposed to anthracyclines developed HF and
further studies on trastuzumab (anti-HER-2) expanded the
notion of cardiotoxicity triggered by chemotherapy (3,4).
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Consequently, the European Society of Cardiology published
two position papers on the management of cardiotoxicity
that develops during cancer in the past two years (5,6). While
those reports provide strategies for cardiotoxicity triggered
by anthracyclines, antimetabolites, anti-HER?2, anti-VEGF
antibodies and tyrosine kinase inhibitors, a gap still exists
regarding the so-called immune checkpoint inhibitors.

The emergence of immune target therapies in oncology
since the early 1990s [interferons (IFNs) and IL-2 therapy] has
revolutionized the management of advanced-stage malignancies
of various histological types with previously poor prognosis.
During cancer progression, tumor cells accumulate
mutations which can result in abnormal or neoantigen
expression. Those antigens are readily recognized by innate
and adaptive immune cells, leading to killing of tumor cells
and protective immunity. However, tumor cells can avoid
or subvert host immune response by exploiting a large
variety of immune-escape mechanisms, including changes
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Figure 1 Sustained activation of T cells by immune checkpoint
inhibitors. T cell activation by APCs occurs through 2 distinct
signals: (I) antigen sequences within MHC molecule are recognized
by TCR; (II) co-stimulatory molecules expressed by APCs binds
CD28 receptor on T cells, strengthening TCR signaling and
promoting T cell activation and survival. Continuous antigen
presentation leads to upregulation of CTLA-4 and PD-1 in T cells,
which promotes cell suppression, regulatory phenotype or anergy/
apoptosis. As a result, antibody mediated inhibition of CTLA-4,
PD-1, or its ligand (PD-L1) extends T cell activation, survival, and
proliferation in the context of antigen presentation. APC, antigen-
presenting cell; MHC, major histocompatibility complex; TCR,
T-cell receptor; CTAL-4, cytotoxic T lymphocyte antigen 4.

in the expression of MHC, NK ligands, FAS receptor, and
immune-checkpoint molecules (7). While those pathways
are necessary for peripheral tolerance maintenance, in
cancer context they promote tumor growth and ultimately
host death (7,8). In particular, seminal studies conducted
by Allison and Chen group demonstrated the ability of
tumor cells to hijack immune tolerance through cytotoxic
T lymphocyte-associated antigen 4 (CTLA-4) and
programmed cell death 1 (PD-1) molecules respectively,
which profoundly dampen the antitumor functions of T
cells (9,10). In this context, neutralization of CTLA-4
results in tumor rejection, including pre-established tumors,
promoting protective immunity against secondary exposure
to cancer cells (9). Remarkably, clinical usage of neutralizing
monoclonal antibodies targeting those immune checkpoint
molecules as Ipilimumab (anti-CTLA-4), nivolumab
(anti-PD-1), and atezolizumab (anti-PD-L1) have largely
improved the prognosis of solid and hematological tumors,
such as melanoma and multiple myeloma, cancer types
endowed with poor prognosis (11) (Figure 1 and Table 1).
Although immune checkpoint inhibitors (ICI)
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treatment brought an unprecedented advance in cancer
therapy, a wide variety of immune related adverse effects
in different organ systems were reported in patients
undergoing therapy (12). Of notice, several cases of
autoimmune myocarditis and fatal HF were reported in
cancer patients treated with ICI during the last years (13).
While cardiotoxicity (hypertension, myocarditis,
thromboembolism, arrhythmias and fibrosis) induced by
conventional anti-neoplastic drugs (e.g., anthracyclines,
anti-metabolites, Her-2 inhibitors, anti-VEGF) have been
historically reported [reviewed in (14)], new evidence points
at cardiac adverse effects of biological drugs targeting
specific signaling pathways.

CTLA4

Activation of antigen specific T lymphocytes are a hallmark
of adaptive immune response. Briefly, naive T cells require
two distinct signals in order to proliferate and differentiate to
effector cells. The first signal comes from the interaction of
T'CR with its cognate antigen, presented in class I or II MHC
context. The second signal is conferred by co-stimulatory
molecules expressed in antigen-presenting cells
(APCs), known as B7 molecules (CD80 and CD86).
In T cells, CD28 recognizes B7 molecules, promoting
along with the first signal, T cell activation. Besides
CD28, CTLA-4 also recognizes B7 molecules but
negatively impacts T cell activation, leading to
cell arrest, regulatory phenotype or apoptosis (15).
CTLA-4 is normally confined to vesicles in naive T
cells, homing to extracellular membrane following T
cell activation. Importantly, both CD28 and CTLA-4
competes for B7 binding, where CTLA-4 has significantly
higher affinity than its counterpart. For this reason
the tight spatial and temporal regulation of CTLA-4
expression is critical for determining the outcome of T
cell response (16). Those mechanisms are essential for
mounting a protective immune response while controlling
inflammation, tissue damage, and promoting immune
tolerance (Figure 2). This becomes evident in the study of
Tivol and coworkers, where mice with knockout for CTLA-
4 develop massive polyclonal expansion of peripheral
T cells and fatal multiorgan tissue destruction (17).
In addition, treatment of mice with anti-CD#4 antibody
abolishes lymphoproliferation and autoimmunity,
suggesting that CD4"T cells initiate the phenotype in
CTLA-4 KO mice (18). Work of Sakaguchi highlights the
role of CTLA-4 in controlling Treg homeostasis. Specific
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Targeted molecule Inhibitors Antibody Cardiac effects
CTLA-4 Ipilimumab Human IgG, Immune-mediated myocarditis
Takotsubo-like syndrome
Smoldering myocarditis
Tremelimumab Human IgG, Immune-mediated myocarditis
PD-1 Pembrolizumab Humanized IgG, Myocarditis
Polymyositis
Nivolumab Human IgG, Acute lymphocytic myocarditis
Heart fail
Complete atrioventricular block
Herzmyasthenie
PD-L1 Avelumab Human IgG; Immune-mediated myocarditis
Hypertension
Durvalumab Immune-mediated myocarditis
Atezolizumab Humanized 1gG, Myositis with myasthenic syndrome
TIGIT BMS-986207 Anti-TIGIT antibody Unknown
TIM-3 Sym023 Anti-TIM-3 antibody Unknown
TSR-022
LAG-3 BMS-986016 Anti-LAG-3 antibody Unknown
LAG525
REGN-3767
BI754111

CTAL-4, cytotoxic T lymphocyte antigen 4; TIGIT, T cell immunoreceptor Ig and ITIM domains; TIM-3, T-cell immunoglobulin and containing-3;
LAG-3, lymphocyte-activation gene 3; PD-1, programmed cell death protein 1; PD-L1, programmed death-ligand 1.

deletion of CTLA-4 in FoxP3" cells results in spontaneous
development of systemic lymphoproliferation and fatal
T cell mediated autoimmune disease (19). In humans,
CTLA-4 signaling also controls T cell homeostasis, as
demonstrated by Treg dysregulation, hyperactivation of
effector T cells, and lymphocytic infiltration in brain, lung,
and gut tissue of patients carrying Ct/a4 mutation (20).
Whereas immune checkpoint molecules are essential for
maintaining immune tolerance and preventing autoimmunity,
strong T cell suppression can be unfavorable for the host.
Pre-clinical and clinical data have shown that T cell functions
are impaired in several types of cancers, where those cells
display an unresponsiveness to tumor antigens (anergy/
exhaustion) and a regulatory phenotype (21). Co-stimulatory
molecules, which are expressed by APCs, can also be
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found in different types of tumor cells and further activate
immune checkpoint receptors (22,23). As a strategy to
increase T cell response towards tumor cells and enhance
antitumor immunity, pioneering work conducted by Allison
showed that inhibition of CTLA-4 signaling promotes
tumor rejection. Blocking of CTLA-4 increased T effector
cells activity, promoted Treg depletion and mediated Fc-
receptor dependent tumor rejection (9). In 2010, a phase
3 study reported an improved overall survival in patients
with metastatic melanoma treated with Ipilimumab
(anti-CTLA-4), imposing a new paradigm for cancer
immunotherapy (24). In the same year, Ipilimumab was
approved by the Food and Drug Administration and in 2011
by the European Medicines Agency to treat melanoma.
Although ICI treatment has led to ground breaking
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Figure 2 Suppression of T cell response by CTLA-4 signaling.
CTLA-4 is restricted within vesicles in naive CD4" T cells. Following
T cell activation by TCR and CD28 molecules [1], CTLA-4 is
recruited to T cells’ membrane [2]. In a context of continuous antigen
presentation [3], CTLA-4 binds with higher affinity to CD80/CD86
molecules [4], resulting in suppression of T cell functions, regulatory
phenotype, or apoptosis. TCR, T-cell receptor; CTAL-4, cytotoxic T

lymphocyte antigen 4.

improvements in cancer therapy, several immune related
adverse events (IRAE) were reported. Due to their critical
role in immune tolerance maintenance, therapeutic blockade
of checkpoint molecules can give rise to inflammatory or
autoimmune side effects. In its first report, 10% to 15% of
patients experienced grade 3 and 4 IRAE; 14 deaths (2.1%)
were related to Ipilimumab treatment (24). Whereas not
described in phase 3 study, fulminant myocarditis after
Ipilimumab and other ICIs treatment has recently caught
attention from physicians and scientific community (25).
Since then, a growing body of evidence has emerged over the
last years illustrating cardiac toxicity of ICI, with 101 cases
of severe myocarditis reported in 2017 (13).

A link between CTLA-4 function and cardiac
homeostasis has long been observed in mouse models
which do not express this molecule and succumb to death
due to myocarditis and pancreatitis (17). In transplant
context, CT'LA-4 blockade accelerates the acute rejection
of cardiac allografts, in a mechanism independent of
CD28 signaling. Increased lymphocyte infiltration
followed by upregulation of IL-6 and IFN-y transcripts
on allografts suggests autoreactive T cell expansion,
augmented by CTLA-4 blocking (26). On the other hand,
CTLA-4 based conditioning resulted in cardiac allograft
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tolerance, as demonstrated by the absence of obliterative
arteriopathy and lymphocyte hyporesponsiveness in graft
tolerant animals (27). In a mouse model of coxsackievirus
B3 (CVB3) induced myocarditis, Frisancho-Kiss and
coworkers demonstrated that CTLA-4 controls regulatory
T cell population and heart inflammation in a Tim-3
dependent mechanism (28). Corroborating those results,
Han and coworkers found reduced IFN-y levels and
increased survival in CVB3 infected mice treated with
CTLA-4 agonist (29). Moreover, the Lichtman group
showed that CTLA-4 regulates CD8" T cell responses in
myocarditis, where CTLA-4 ablation combined with IL-12
driven differentiation synergistically increased cardiac
pathogenicity of CD8" T cells (30).

Evidence in humans also depicts the pivotal role of
T cells in cardiac diseases. In a study conducted by the
German Heart Failure Network, the G/G genotype of
Thr17Ala CTLA-4 variant was significantly more frequent
in patients with dilated cardiomyopathy (14.7%) versus
7% in control group (31). The G/G genotype was also
more frequent in patients that developed Rheumatic
Heart Disease as a sequela of Acute Rheumatic Fever,
illustrating that uncontrolled T cell activation can promote
cardiac tissue damage (32). In contrast, genotypes and
haplotypes reported to increase CTLA-4 expression were
associated with asymptomatic form of Chagas disease,
whereas genotypes associated with reduced function
were more present in patients with a mixed form of
disease (cardiodigestive form) (33). Taken together, those
observations highlight the importance of T cell regulation
by immune checkpoint molecules in cardiac homeostasis
(Figure 3).

The importance of heart-T cell axis was further
addressed in patients receiving neutralizing antibodies
against CTLA-4. In 2016 two cases of fatal myocarditis were
reported in patients receiving Ipilimumab and nivolumab
(anti-PD-1). Myositis with rhabdomyolysis followed by
massive macrophage and T cell infiltration were found in
both patients. T cell clones infiltrating the myocardium
were identical to those in tumors and composed of
both CD4" and CD8" cells, suggesting unspecific T cell
autoimmunity mediating myocarditis (34). Takotsubo-like
syndrome was also reported in a patient with metastatic
melanoma after receiving four doses of Ipilimumab,
suggesting that autoimmune myocarditis triggered by anti-
CTLA-4 treatment could be a cause of apical ballooning
and cardiomyopathy (35). The same dose regimen was also
found to induce acute myocarditis in patient with malignant
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checkpoint inhibitors. Cardiac regulatory T cells, among CD4"
and CD8" T cells are present in the heart and draining lymph
nodes under physiological condition, exerting protective immune
response. Blockade of checkpoint molecules CTLA-4/PD-1 in
T cells and PD-L1, expressed on endothelial and cardiac muscle
cells, disrupts tissue tolerance, inhibits Treg functions and initiates
conventional T cell activation and proliferation. Uncontrolled
T cell response in the heart promotes inflammation and tissue

damage. CTAL-4, cytotoxic T lymphocyte antigen 4.

melanoma, which lead to biventricular failure (36).
In another study, post mortem analysis of heart tissue
demonstrated findings consistent with giant cell
myocarditis, from a patient that presented with steroid-
refractory myocarditis after Ipilimumab treatment.
While high clonality was found in metastatic lung tissue,
low TCR repertoire was found in the heart (37,38).
In a comprehensive analysis of ICI associated myocarditis,
35 patients were identified from 2013 until July 2017,
corresponding to 1.14% of patients receiving ICI.
Importantly, myocarditis onset was in median 34 days after
starting ICI and following 102 days, 46% of those patients
developed major adverse cardiac events. Their findings
portrait myocarditis after ICI therapy as an early event,
with malignant course, which responds to high doses of
steroids. In comparison to controls, myocarditis cases had a
higher prevalence of diabetes mellitus and higher body mass
index (39). Late onset of cardiac adverse effects was also
reported in metastatic melanoma patient after twelve weeks
of last ipilimumab cycle administration. ICI treatment was
accompanied by acute fibrinous pericarditis with mixed
inflammatory infiltrates in pericardial wall and surface fibrin
deposition (40). Norwood and coworkers reported a case of
smoldering myocarditis soon after (17 days) of ipilimumab
plus nivolumab treatment. Besides no cardiac clinical

© Journal of Thoracic Disease. All rights reserved.

jtd.amegroups.com

$4327

symptoms were present, troponin I levels were 13 times the
upper limit and endomyocardial biopsy revealed fibrosis
with lymphocytic inflammation, predominantly comprised
of CD8" T cells (41). In summary, inflammatory response
in the heart following CTLA-4 inhibition can occur quickly
after treatment and progress to life-threatening condition.

PD-1 and PD-L1

Programmed cell death 1 receptor and its cognate ligands,
along with CTLA-4, constitutes the major group of immune
checkpoint molecules which counteract T cell activation
program. Similarly to CTLA-4, PD-1 is not normally
expressed on naive T cells, whereas TCR engagement induces
its expression. PD-1 negatively regulates TCR and CD28
signaling pathways when bound to its ligands PD-L1 (B7-H1)
and/or PD-L2 (B7-DC) (42). In the absence of antigen
clearance, PD-1 expression is sustained, leading to T cell
exhaustion, a state of unresponsiveness towards the cognate
antigen and/or apoptosis (43). While CTLA-4 expression is
more restricted to T cells, PD-1 is also present on B cells,
NK cells and in some myeloid cells. CD8PD-1" cells are
found in the circulation of healthy human subjects (42).
In that way, PD-1 signaling can promote different responses
depending on cell type and microenvironment involved. In
particular, several tumor cells express PD-L1, which may
dampen antitumor T cell response. Early works of Minato
group showed indeed that PD-L1 expression in P815
tumor cells rendered them less susceptible to T cell antigen
receptor-mediated lysis. Moreover, growth of myeloma
cell lines in syngeneic mice was significantly inhibited
by administration of neutralizing PD-L1 antibody (23).
Involvement of PD-1 in tumor immune escape was also
reported in humans, where CD8"T cells from melanoma
patients present increased expression of PD-1 and impaired
cytotoxicity against tumor cells (44). Regarding its ability
to inhibit T cell activation against tumor cells, neutralizing
antibodies against PD-1 (nivolumab) and their respective
ligand PD-L1 (atezolizumab) were developed and tested
in tumors with poor prognosis. Notably, 20% to 25% of
patients presenting either melanoma, non-small cell lung, or
renal cancer obtained objective responses, lasting more than
one year. Nivolumab also increased the survival of patients
with previously untreated melanoma, with 5.1 months of
progression-free survival against 2.2 months in dacarbazine
group (45,46). It was therefore approved in December 2014
for the treatment of unresectable or metastatic melanoma
by FDA.
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Despite its success in clinical trials, similarly to anti-
CTLA-4 treatment, PD-1 blocking lead to 14% of grade
3 and 4 IRAE, where in 1% of patients drug related
adverse effects led to patient death (45,46). Although
cardiovascular adverse effects were also unnoticed
in initial studies with anti-PD-1 therapy in humans,
recent reports have demonstrated a link between PD-1
treatment and autoimmune myocarditis, especially
with anti-CTLA-4 treatment (47). The role of PD-1
controlling autoimmunity was illustrated in a mouse
knockout model, which developed spontaneous lupus-
like proliferative arthritis and glomerulonephritis (48).
In NOD (nonobese diabetic) mice, PD-1 deletion
accelerates the onset and frequency of type I diabetes,
with strong Th1 polarization and T cell accumulation into
islets (49). Strikingly, deletion of PD-1 in BALB/C mice
resulted in dilated cardiomyopathy with severely impaired
contraction and sudden death by congestive heart failure.
The lymphocyte compartment was necessary for pathology
induction, where PD-1 and RAG2 double knockout did
not developed the disease (50). Furthermore, high titer of
autoantibodies against cardiac troponin I were identified in
PD-1 deficient mice and monoclonal antibodies reproduced
the cardiac dysfunction observed in knockout animals (51).
Non-classical immune cells can also regulate PD-1
signaling and control T cell activation. In a cytotoxic T
lymphocyte model of myocarditis, PD-L1 was upregulated
in endothelial cells by a mechanism dependent on IFN-y
signaling. Abrogation of IFN-y signaling or PD-L1 genetic
deletion transformed transient myocarditis to lethal disease,
in association with leukocyte rich abscesses (52). Regulation
of CD8" T cell response was the major event controlling
myocarditis, as demonstrated by increased cytotoxicity
and activation profile of CD8" PD-1 knockout cells in
myocarditis model. PD-L1 was also shown to prevent the
development of heart autoimmunity in a model of graft
versus host disease (53). In humans, PD-1 and PD-L1
proteins were detected in muscle tissue, preferentially in the
heart (54) (www.proteinatlas.org).

It is therefore possible that inhibition of PD-1
signaling results in uncontrolled T cell activation and
tolerance disruption within the heart (Figure 3). This
hypothesis was confirmed in some patients receiving
anti-PD1 antibodies for cancer treatment. In phase
1b trial, combination of avelumab (anti-PD-L1) and
axitinib (anti-VEGF) for renal-cell carcinoma resulted
in grade 3 or worse treatment-related adverse effects,
where the most frequent was hypertension (55).
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Besides hypertension, which is possibly related to
axitinib treatment, one patient died before data cutoff
due to autoimmune myocarditis. In a phase II trial with
pembrolizumab (anti-PD-1) for thymic epithelial tumor,
34% of patients displayed grade 3 or superior IRAE, where
myocarditis developed in 9% and myasthenia gravis in
6% (56). Notably, heart IRAE were also present during a
phase II study of Pembrolizumab for thymic carcinoma, in
which six patients developed severe IRAE and two patients
(5%) present myocarditis and polymyositis after the second
cycle of therapy (57). Patients immediately required
high-dose steroid treatment and pacemaker placement,
although one patient died of HF despite intervention.
Corroborating other results, polyclonal T cell activation
was found in the blood of myocarditis committed patients,
with 26 TCR clones expanded in the blood and 7 in
muscle biopsy (58). Tadokoro and coworkers reported
a case of acute lymphocytic myocarditis in a melanoma
patient that underwent 3 cycles of Nivolumab treatment.
Left ventricular dysfunction and CD8"T cell infiltration
in myocardium were observed after 2 weeks since last
treatment. While continuous dobutamine infusion did
not improve cardiac function, high doses of prednisolone
were sufficient to gradually improve the symptoms (59).
Myocarditis was also observed in patient receiving
Nivolumab for squamous cell lung carcinoma. Despite
partial remission of lung tumor, drug induced myocarditis
lead to immunotherapy stoppage and HF therapy with
ACE-inhibitors, B-blockers, and steroids was initiated (60).
Combination of tremelimumab (anti-CTLA-4) and
durvalumab (anti-PD-L1) triggered myocarditis in an
endometrial cancer patient, three weeks after last cycle.
Immunotherapy stoppage and steroid administration
over eight weeks were also necessary, which resulted in
progression of metastatic disease (61).

Major heart adverse effects were also observed in
a lung cancer patient treated with nivolumab in the
presence of cytokine activated af lymphocytes. Complete
atrioventricular block and high levels of creatine kinase-
myocardial b (CKMB) were observed after nine days of
treatment, which could not be reversed despite high-dose
steroid therapy (62). A similar case of fatal autoimmune
myocarditis was observed in patient undergoing avelumab
(anti-PD-L1) plus axitinib (tyrosine kinase inhibitor) for
renal cell carcinoma. Fast onset of hypertension occurred
after last axitinib treatment, and dose reduction was
sufficient to control blood pressure levels. Despite the
clinical absence of cardiovascular disease and only grade 1
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rise in creatinine kinase levels, patient collapsed and post-
mortem examination indicated massive infiltration of CD3"
lymphocytes in myocardium, suggestive of autoimmune
myocarditis (63). In some patients, concomitant
autoimmune diseases were triggered after anti-PD-1
treatment. In that scenario, a patient receiving Nivolumab
for lung cancer developed myocarditis and myasthenia
gravis (MG). A fast IRAE was observed, after 3 weeks of
last Nivolumab treatment. Immunohistochemical analysis
revealed myocardium necrosis followed by CD4" and CD8"
T cell infiltration. Elevated serum levels of acetylcholine
receptor antibody suggest the onset of MG (64). In a
second case, patient receiving Nivolumab for pulmonary
adenocarcinoma presented diabetic ketoacidosis, receiving
the diagnosis of insulin-dependent diabetes mellitus,
likely to anti-PD-1 treatment. It is worth noticing that the
patient already presented risk factors for cardiovascular
disease, such as hypertension and chronic obstructive
pulmonary disease (COPD). Even though diabetes was
controlled, lethargy and shortness of breath were reported.
The final diagnosis indicated acute decompensated right-
side HF and post-mortem analysis showed myocardial
inflammation, necrosis, and T lymphocyte infiltration (65).
Together, the use of immune checkpoint inhibitors targeting
CTLA-4 and PD-1 signaling led to major cardiac adverse
effects of autoimmune nature, which could not be reversed
in some patients.

TIGIT, TIM-3 and LAG-3

Successful application of immune checkpoint inhibitors to
tumors endowed with poor prognosis sparked the scientific
community to extend its knowledge beyond CTLA-4
and PD-1 molecules. New inhibitory pathways that
could potentially dampen T cell antitumor activity were
discovered and currently blocking antibodies against those
molecules are being investigated in first clinical trials (66).
Lymphocyte activation gene-3 (LAG-3) is expressed by T
and NK cells following MHC class II ligation. Despite the
exact mechanism remains largely unclear, LAG-3 activation
results in negative regulatory effects over T cells (67).
Analysis of tumor infiltrating lymphocytes revealed that
LAG-3, along with PD-1, were highly expressed in those
cells (67). LAG-3 signaling pathway is thought to induce
T cell exhaustion and subsequent tumor growth and
spread (68). Moreover, several tumor types express MHC
II, the ligand for LAG-3, where they interaction promoted
melanoma resistance to apoptosis (69). LAG-3 expression
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correlates with poor prognosis in head-neck carcinoma
and inhibition of LAG-3 in mouse model favors T cell
responses against tumor (70). Also, inhibition of LAG-3
alone or in combination of PD-1 resulted in improved
T cell immunity against tumor cells followed by tumor
rejection (71). As expected, two independent studies
demonstrated that PD-1 and LAG-3 act synergistically to
prevent autoimmunity (72,73). While LAG-3 knockout
did not induce autoimmunity per se, deficiency of LAG-3
and PD-1 resulted in lethal myocarditis (72). Recently
a link between LAG-3 and coronary artery disease was
established. Humans, which present the rs10846744
noncoding variant of lipoprotein scavenger receptor Bl
(SCARB1), are more prone to develop atherosclerotic
disease independently of common cardiovascular risks.
Cells presenting the noncoding variant produced less
amounts of LAG-3 under basal conditions and following
BCR engagement. Plasma LAG-3 levels were found lower
in hyperalphalipoproteinemia patients and significantly
associate with HDL and IL-10 concentration in plasma (74).
Therefore, LAG-3 may confer protective immune response
in the heart, although this hypothesis was not formally
addressed. Currently two phase I trials reported the effect of
IMP321, a recombinant Ig which agonizes MHC II driven
DCs activation (75). In a first study, CD8 T cell activation
was increased along better progression-free survival. Minor
adverse effects (grade 1) were reported. In a second study,
combination of IMP321 with gemcitabine was used for
pancreatic adenocarcinoma, but no treatment efficacy was
observed after treatment (76). An initial efficacy of anti-
LAG3 (BMS-986016) in combination with Nivolumab was
seen in melanoma patients. Grade 3 or superior adverse
events were observed in 9% of patients, but descriptive
results are still not available (77).

T-cell immunoglobulin-3 (TIM-3) is a molecule
expressed on NK cells and macrophages which negatively
regulates T cells activation (78). Mechanism wise, TIM-
3 has been shown to induce and expand myeloid derived
suppressor cells (MDSCs) (79). Also, galectin-9, a TIM-3
ligand, induces intracellular calcium flux, aggregation, and
death of Th1 cells iz vitro. Moreover, in vivo administration
results in selective loss of IFN-y producing cells and
suppression of Thl mediated autoimmunity (80). Exhausted
T cells present high levels of TIM-3 and the presence of
TIM-3" cells is associated with poor prognosis in lung and
follicular carcinoma (81,82). For that reason, strategies
that inhibit TIM-3 activation would greatly benefit T cell
response against tumor cells. In that scenario, Lee and
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coworkers showed that TIM-3 inhibition enhances efficacy
of tumor vaccine in a mouse mode of lung carcinoma (83).
Combined blockade of TIM-3 and MEK pathway increases
CD8" T cell response in a mouse model of melanoma (84).
From studies investigating CTLA-4, PD-1, and LAG-
3 pathway, uncontrolled immune cell activation was
anticipated. In a recent study, Zhang addressed the role
of TIM-3 in CVB-3 mediated myocarditis. Exogenous
administration of galectin-9 attenuated viral induced
myocarditis by promoting the expansion of MDSCs.
Production of Arg-1 and IL-4 suppressed CD4" T cell
proliferation in vitro (85). Using the CVB3 model of
myocarditis, Frisancho-Kiss and coworkers described an
increased inflammatory response in male BALB/C mice
when compared to female mice. This phenotype was
accompanied by increased TLR4 and IFN-y positive cells
in the heart, whereas female hearts displayed a regulatory
T cell phenotype, comprised of TIM-3, IL-4 and Treg.
Importantly, inhibition of TIM-3 in male mice led to a
significant increase in inflammation and TLR4 expression,
while Tregs were significantly reduced (28). Currently anti-
TIM-3 mAbs (MBG453) are being under phase I-II clinical
trial for advanced tumors. There are no results reported yet.

The T cell immunoreceptor Ig and I'TIM domains
(TIGIT) was recently classified as a member of
immunoglobulin superfamily expressed on effector T cells,
Tregs, NK cells, and in NKT population. TIGIT activation
on T cells leads to proliferation inhibition, decrease in T-bet,
GATA-3, IRF4, ROR-vt expression and ultimately reduced
production of IFN-y (86). TIGIT can also control T cell
activation in an indirect fashion, dependent on dendritic
cells. Yu and coworkers demonstrated the biding of TIGIT
to poliovirus receptor (PVR) in DCs, leading to enhanced
IL-10 secretion and diminished IL-12p40 production (87).
Besides those mechanisms, engagement of TIGIT in
PVR and PVRL2 receptors present on human NK cells
inhibits cytotoxicity through its I'TIM domain (88).
While TIGIT ligands are widely expressed on several
epithelial cell types and on circulating monocytes, tumor
cells also up-regulated PVR and PVRL2 as an immune
escaping mechanism (89). Recent studies support this idea by
showing the involvement of TIGIT in NK and CD8" T cell
exhaustion in melanoma and multiple myeloma models (44).
Similarly to other immune checkpoint molecules,
TIGIT deletion results in a hyperproliferative T cell
response; antagonistic antibodies exacerbates experimental
autoimmune encephalomyelitis (90,91). Besides PVR,
TIGIT can also recognize nectin molecules, resulting in
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inhibition of T and NK cell activation (92,93). Nectins 1,
2, and 3 are expressed at different levels in heart tissue
and Nectin-2 has been shown to maintain structure and
function of intercalated disc and protect heart from pressure
overload (54,94). It is therefore possible that T- and NK-
cell surveillance in heart tissue mediated by TIGIT—Nectin
interaction also contributes to a tolerogenic and protective
type of immune response, although this has not been formally
addressed yet. Meanwhile, a phase I trial is currently recruiting
patients for safety and efficacy evaluation against antd-TIGIT
mAb OMP-31M32. There are still no results available.

Based on previous cardiac related adverse events reported
with classical ICI and data discussed about new checkpoint
inhibitors, a careful analysis of cardiotoxicity should be
included in clinical trials of next-generation ICI treatment.

Concluding remarks

Cardiac dysfunction in cancer patients during or after
treatment is rapidly becoming a topic of high interest where
an interdisciplinary approach is necessary to fulfil its needs.
Only a deep understanding of the pathophysiology can lead
to adequate treatment of cardiovascular side effects. While
the introduction of immune checkpoint inhibitors improved
the prognosis of several malignant cancers, it imposed new
challenges for the scientific community. Major cardiac
adverse effects were increasingly reported during and after
ICI treatment. Mechanisms underlying such events, early
detection of cardiotoxicity, and managing cardiac function post
chemotherapy induced damage are still largely undetermined.
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