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Abstract: The advent of immuno-oncology (I0) has
revolutionized cancer treatment, particularly with the
introduction of immune checkpoint inhibitors (ICls)
like anti-PD-1, anti-PD-L1, and anti-CTLA-4 therapies.
These agents have demonstrated remarkable efficacy in
various cancers by enhancing the immune system's
ability to detect and destroy tumor cells. However, along
with their clinical benefits, ICIs have introduced a range
of immune-related adverse events (irAEs), among which
cardiotoxicity, though rare, has emerged as a significant
concern. Cardiotoxicity in the context of 10 therapies
includes myocarditis, pericarditis, heart failure, and
arrhythmias. Myocarditis, in particular, can present
with high morbidity and mortality, necessitating early
recognition and intervention. The underlying
mechanism is believed to involve immune-mediated
inflammation of cardiac tissues, likely due to the overlap
between tumor-associated antigens and self-antigens,
leading to off-target effects on the myocardium. The
incidence of cardiotoxicity with 10 therapies is
relatively low compared to other irAEs but can be life-
threatening when it occurs. Studies suggest that patients
with preexisting cardiovascular conditions may be at
higher risk, and thus, the role of cardio-oncology has
become pivotal in managing such patients. Emerging
strategies to mitigate these risks include vigilant
cardiovascular monitoring, the use of corticosteroids to
manage inflammation, and collaborations between
oncologists and cardiologists to ensure comprehensive
care. As immuno-oncology continues to evolve,
understanding and managing the risks of cardiotoxicity
is crucial for optimizing patient outcomes. This review
highlights the mechanisms, clinical manifestations, and
management strategies of cardiotoxicity associated with
immuno-oncology treatments, underscoring the need
for further research to develop predictive biomarkers
and safer therapeutic approaches.

Keywords: Arrhythmia; Cancer immunotherapy;
Cardiotoxicity; Cardiovascular toxicity; Immune
system; Myocarditis.

1. INTRODUCTION

The side effects of chemotherapy, particularly
cardiovascular disease, have drawn a lot of attention
due to the longer life expectancy of cancer patients
nowadays. In fact, the frequency of cardiovascular
events like heart damage, toxicity, or hypersensitivity
is greater than the rate at which malignant tumors
return [, The link between immunotherapy and
cardiovascular risks calls for more research into
underlying mechanisms. Combining ICls with
immune activators offers promise but poses
challenges, especially after heart damage. Traditional
treatments like anthracyclines may aid immunity but
heighten heart risks. Insights into inflammation and
clonal hematopoiesis are promising, though the
CANTOS trial highlights hurdles in clinical
translation despite positive results [, Recent
oncology research has significantly enhanced our
understanding of tumor growth, resistance,
metastasis, and immune suppression. This has led to
the development of many new compounds, with
several promising agents awaiting approval.
Immunotherapy is currently one of the most
promising treatments for systemic cancer [l
Oncologic treatments focus not only on efficacy but
also on drug-related adverse reactions. While cancer
therapies can affect multiple organ systems,
cardiovascular side effects are particularly serious
due to their impact on prognosis and quality of life.
The cardiotoxicity of treatments like radiation and
anthracyclines is well-documented 1. Early detection
of drug-related cardiotoxicity is crucial due to
improved cancer survival. Type 2 cardiotoxicity,
linked to drugs like trastuzumab, can reverse, while
Type 1, from anthracyclines, causes permanent
damage.  Speckle-tracking (STE) and 3D
echocardiography (3DE) are more accurate than
traditional 2D echocardiography for detecting early
heart changes. STE's global longitudinal strain (GLS)
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is especially useful in identifying subclinical damage,
though it requires advanced imaging technology E!.
Radiation therapy or chemotherapy can lead to
cardiovascular dysfunction. A recent study found that
for left-sided breast cancer patients, the risk of
ischemic heart disease increased by 6.2% per gray
(Gy) of radiation dose, with a hazard ratio of 1.062 [,

Key cardiovascular  risk  factors include
hyperlipidemia, chronic renal disease, and aging. A
left ventricle radiation dose (LV V25) > 4% is a
stronger predictor of myocardial ischemia than the
mean heart dose. While this may improve heart
protection in breast cancer treatment, more research
is needed. Radiation therapy can lead to acute events
like heart attack and arrhythmias, and long-term
issues such as heart failure and cardiomyopathy.
Drugs may increase heart disease risk through blood
pressure or direct cardiomyopathy effects [,
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Fig. 1. The world of cardio-immunooncology.

2. CARDIO TOXICITY

"Cardiotoxicity" in cancer treatment refers to a dose-
dependent, lasting cardiovascular reaction that
persists even after treatment stops. Unlike acute
toxicity, which results from brief exposure,
cardiotoxicity leads to a fibrotic response that
requires histological confirmation, though this has
been underexplored [ The terms “cardiac
dysfunction related to cancer treatment" and
"cardiotoxicity" are often used interchangeably, but
there is disagreement on their definition, especially
regarding chemotherapy. "Cardiotoxicity" is less
commonly used for short-term side effects of
monoclonal antibodies. Factors like exposure degree
and route influence adverse effects, with chronic
toxicity causing long-term harm and sub-chronic
toxicity lasting over a year but less than a lifetime.
Most definitions of cardiotoxicity focus on a

progressive decline in left ventricular ejection
fraction [,

3. ICI-RELATED CARDIOTOXICITY

Fig. 2. ICl-associated cardiotoxicities and their
characteristics ¥

3.1. Myocarditis

T cells targeting both tumor and heart antigens may
contribute to cardiotoxicity, though the mechanism
remains unclear. While CTLA-4, PD-1, PD-L1, and
LAG-3 protect the heart, inhibiting ICIs may increase

heart vulnerability, potentially causing myocarditis
[11-12]

3.2. Pericardial Disease
Pericardial illness can arise from the same
pathogenetic pathway as is described for ICI-related

myocarditis, namely ICI stimulated cytotoxic T cells
[13]

3.3. Takotsubo-Like Cardiomyopathy

The exact mechanism of ICl-associated Takotsubo
cardiomyopathy is unclear, but it appears non-
inflammatory, unlike myocarditis or pericarditis. ICIs
may directly cause acute multi-vessel coronary
spasms or indirectly induce myocardial stunning
through adrenergic stress from rapid catecholamine
release (4291,

3.4. Myocardial Infraction

Although various mechanisms for ICl-related Ml are
proposed, none are conclusive. PD1 inhibition may
activate T cells, worsening atherosclerosis and
potentially causing cardiac ischemia, as PD1 is
elevated in plaque T cells 61, Acute MI from ICls
may result from inflammation causing plaque rupture
or from coronary spasm following PD1 inhibitor
treatment, with systemic inflammation potentially
contributing.  Direct T-cell-mediated coronary
vasculitis is also a possible, though undocumented,
mechanism in the absence of atherosclerosis 71,

3.5. Arrhythmias and Conduction Disorder
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Conduction of energy disorders and ventricular
arrhythmias are believed to be mostly caused by
inflammation, either systemically or locally in the
ventricle or His-Purkinje system. Myocarditis,
pericarditis, systemic inflammation, or subsequent to
another irAE, like thyroiditis, can all cause atrial
fibrillation (281,

4. RISKFACTOR

An international registry identifies independent risk
factors for ICl-related cardiotoxicity, including
combined ICI therapy, diabetes, obesity, and anti-
CTLA-4 medication. The risk of myocarditis is five
times higher with combination therapy compared to
monotherapy. Other potential risk factors include
autoimmune disorders and pre-existing
cardiovascular conditions like MI, heart failure, and
previous cancer treatments. T-cell-mediated reactions
and systemic inflammation from ICI therapy may
worsen heart failure in vulnerable individuals, though
this remains theoretical. The European Society of
Cardiology guidelines recommend categorizing
patients as low- or high-risk based on these factors
and adjusting surveillance accordingly. Further
research is needed to better identify patients at risk for
cardiovascular immune-related adverse events, [

5. TREATMENTS

5.1. Ipilimumab: The FDA approved
ipilimumab, a CTLA-4 antibody, in 2011 for treating
lung cancer, melanoma, and other cancers. Common
side effects include fatigue, diarrhea, rash, and colitis,
while severe immune-related adverse events (IRAES)
occur in less than 1% of patients. For mild side
effects, treatment can be paused until recovery, but
severe  IRAEs wusually require  permanent
discontinuation of the medication [20-21],

5.2. Pembrolizumab: In 2014, the FDA approved
pembrolizumab, a PD-1 antibody, for treating various
cancers, including triple-negative breast cancer, lung
cancer, and melanoma. Unlike regular 19G
antibodies, it doesn't cause antibody-dependent
cellular cytotoxicity. Up to 70% of patients
experience immune-related issues, which can be
severe or fatal 22231,

5.3. Nivolumab: FDA-approved in 2014,
nivolumab treats cancers like non-small-cell lung
cancer. It doesn’t cause antibody-dependent
cytotoxicity. Common side effects include fatigue,

rash, itching, diarrhea, pain, and nausea. IRAEs can
occur long after treatment due to prolonged PD-1
inhibition, with cardiac reactions affecting less than
1% of patients 2423,

5.4. Atezolizumab: Atezolizumab, approved in
2016, treats cancers like triple-negative breast cancer.
Myocarditis or pericarditis occurs in less than 1% of
patients, and treatment is stopped if cardiotoxicity
occurs. More cases may arise with increased use as a
first-line treatment [26-271,

5.5. Durvalumab: Durvalumab, approved in
2017, treats non-small-cell lung cancer and urothelial
carcinoma. Common side effects include fatigue and
UTIs, while severe ones like colitis and hepatitis can
be fatal. High-grade reactions may require prolonged
treatment discontinuation [28-2%1,

6. CLINICAL MANIFESTATION OF ICI-
ASSOCIATED CARDIAC TOXICITY

6.1. Myocarditis: Myocarditis is the main
symptom of immunotherapy-related cardiotoxicity,
with a high fatality rate, especially in combination ICI
therapy, where rates can exceed 76%. Prevalence has
increased from 0.09% to 1-2%. Common symptoms
include chest pain, fatigue, dyspnea, palpitations, and
sudden cardiac death, often occurring within the first
three months. Risk factors include combination
therapies, prior cardiotoxic treatments, and pre-
existing  cardiovascular  conditions.  Diagnosis
involves elevated cardiac biomarkers, ECG
abnormalities, and imaging techniques like cardiac
MRI (cMRI) and endomyocardial biopsy (EMB),
with EMB being the gold standard. Prompt treatment
is critical for better outcomes &1,
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Fig. 4. Proposed Classification of Myocarditis:
Definite, Probable, and Possible %
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6.2. Pericarditis: Pericarditis is the second most
common ICl-related cardiotoxicity, often presenting
as pericardial effusion or cardiac tamponade, and is
more common in men. It typically occurs around 30
days after ICI therapy. Transthoracic
echocardiography is essential for diagnosis, with
cMRI and PET/CT aiding in peri myocarditis
detection. Elevated troponin and ECG changes like
tachycardia and ST elevation are common. Patients
with malignant visceral involvement require close
monitoring for rapid exudate buildup, as seen in lung
cancer patients on nivolumab [B-32,

6.3. Arrhythmias: Atrial fibrillation (30%) is the
most common arrhythmia caused by ICls, followed
by ventricular tachycardia (27%) and conduction
abnormalities (17%). These abnormalities increase
heart disease mortality significantly. Causes include
inflammation, electrolyte imbalances, and systemic
issues. Early ECG monitoring is essential for timely
diagnosis and prevention of heart block [33-34]

7. DIAGNOSIS OF ICI-ASSOCIATED
CARDIOTOXICITY

Repetitive ECGs and laboratory testing (such as
cardiac troponin and natriuretic peptides) are
recommended for the early detection of subclinical
cardiotoxicity linked to ICI, together with quick
access to TTE in questionable situations. A thorough
physical examination and questions concerning heart
symptoms should be asked at every visit during ICI
treatment.

7.1 Electrocardiogram: Transthoracic
echocardiography is key for diagnosing pericardial
issues like tamponade and effusion. cMRI and
PET/CT help diagnose peri myocarditis. Elevated
troponin levels are common in peri myocarditis, and
ECG may show tachycardia and ST-segment
changes. Close monitoring is recommended for
patients with malignant involvement, as seen in two
lung cancer cases who developed cardiac tamponade
after nivolumab. 3%

7.2. Imaging Techniques: TTE can detect
pericardial effusion, WMA, LV changes resembling
Takotsubo syndrome, and LV dysfunction. GLS
should be assessed alongside LVEF to evaluate LV
systolic function. Awadalla et al. found that patients
with ICl-associated myocarditis had worse GLS,
regardless of LVEF changes 9.

7.3. Laboratory Test: Transthoracic
echocardiography is key for diagnosing pericardial
disorders. cMRI and 18F-FDGPET/CT help diagnose
peri myocarditis. Elevated troponin levels are
common, and ECG may show tachycardia and ST-
segment elevation. Patients with malignant visceral
involvement should be monitored closely, as seen in
two lung cancer patients who developed cardiac
tamponade after nivolumab treatment. %

8. CLINICAL OUTCOME

Collaboration between immunologists, oncologists,
and cardiologists is essential to address the growing
concern of ICl-related cardiotoxicity, particularly in
NSCLC patients. While myocarditis, especially in its
fulminant form, is linked to poor outcomes, IClIs offer
significant survival benefits. A meta-analysis by
Rahouma et al. found that anti-PD/PD-L1 therapies
did not significantly increase cardiotoxicity compared
to chemotherapy. ICIs often result in better response
rates, survival, and progression-free survival.
Ongoing research is needed to identify risk factors
and improve monitoring to optimize ICI benefits
while minimizing cardiac risks. %

9. CARDIOVASCULAR HYPERSENSITIVITY

Cardiovascular  hypersensitivity, a  complex
inflammation not dependent on dosage, can occur at
any stage of chemotherapy or monoclonal antibody
treatment. It is often linked to anti-drug antibodies
like IgE and 1gG and elevated tryptase levels.
Diagnosing severe hypersensitivity, such as
anaphylaxis, can be difficult without typical skin
symptoms. The peak tryptase level must be at least 1-
2 times the baseline plus 2 mg/L. Severe
hypersensitivity may cause hypotension due to
reduced cardiac output, plasma leakage, and
decreased venous return.

Harmful effects from a

1 single/brief exposure =
FLLLY MUMAN
AN PLATINUM
e s - g Agtons
WA NGTHE KON I
- s
e seratant

ANTHRACYCLINES SISO
. treman corer g
\ " ‘ e e wat g0
{ S HUMANIZE
GrHENs" Antbodies
B ——

Harmful effects over
prolonged exposure (>1 year)

Sub / chronic

IJIRT 170515 INTERNATIONAL JOURNAL OF INNOVATIVE RESEARCH IN TECHNOLOGY 457



© December 2024 | UIRT | Volume 11 Issue 7 | ISSN: 2349-6002

Fig. 5. Hypersensitivity (immune-allergic) responses
to cancer therapeutic agents. 7]

Transthoracic echocardiography is key for diagnosing
pericardial disorders, while cMRI and PET/CT help
diagnose perimyocarditis. Elevated troponin levels
and specific ECG changes, like tachycardia and ST-
segment elevation, are common. Patients with
malignant visceral involvement, especially those on
nivolumab, should be closely monitored for rapid
exudate buildup, as seen in two lung cancer cases. 7

10. MECHANISM OF CARDIOVASCULAR
TOXICITY

Transthoracic echocardiography is key for diagnosing
pericardial disorders, while cMRI and 18F-
FDGPET/CT help with peri myocarditis. Elevated
serum troponin and ECG changes, like tachycardia
and ST-segment elevation, are common in peri
myocarditis. Patients with malignant involvement
should be closely monitored, as rapid exudate buildup
can occur, as seen in two lung cancer patients with
cardiac tamponade after nivolumab. [

10.1.  Anthracycline;  The  first type of
chemotherapy-induced  cardiotoxicity to  be
documented was anthracycline-induced
cardiomyopathy. As a result, the mechanism has been
studied the most and reflects the wide range of effects
and toxicities of conventional chemotherapeutic
drugs. This kind of cardiotoxicity, which has
historically been known as type I, results in the death
of cardiomyocytes. [3%-401

Transthoracic echocardiography is key for diagnosing
pericardial disorders. cMRI and 18F-FDGPET/CT
help diagnose peri myocarditis. Elevated troponin
levels and ECG changes like tachycardia and ST-
segment elevation are common. Close monitoring is
recommended for patients with malignant visceral
involvement, as seen in two lung cancer cases with
cardiac tamponade after nivolumab. [#1-42]

10.2. HER2/ErbB2 Inhibitor: Anthracyclines have
long been the focus of studies on cardiac toxicity in
cancer therapy. However, the introduction of
trastuzumab, a HER2-targeting monoclonal antibody
for HER2-positive breast cancer, has highlighted a
different but related form of cardiac toxicity. 1]

Transthoracic echocardiography is key for diagnosing
pericardial disorders, with cMRI and 18F-
FDGPET/CT aiding in peri myocarditis diagnosis.
Elevated troponin levels and specific ECG changes

are common in peri myocarditis. Close monitoring is
crucial for patients with malignant involvement, as
seen in two lung cancer patients who developed
cardiac tamponade after nivolumab. [*4-4%]

10.3.  Immune Checkpoint Inhibitor:
Immunological ~ checkpoint inhibitors, like
ipilimumab and nivolumab, have shown great
promise in treating cancers such as metastatic
melanoma. However, their use is associated with
autoimmune side effects. 6471 Checkpoint blocking
agents make patients more susceptible to attacks on
healthy tissue by enabling the immune system to
become more active against cancerous cells. This can
result in allergic consequences such adrenal
insufficiency, pneumonitis, and hepatitis, 14849

11. CARDIOPROTECTIVE DRUGS
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Fig. 6. Mechanisms of Dexrazoxane 64

Transthoracic echocardiography is key for diagnosing
pericardial disorders like tamponade, while cMRI and
18F-FDGPET/CT aid in diagnosing peri myocarditis.
Elevated troponin levels and ECG changes like
tachycardia and ST-segment elevation are common in
peri myocarditis. Close monitoring is recommended
for patients with malignancies, as seen in two lung
cancer cases that developed cardiac tamponade after
nivolumab treatment. 54591

11.2.  pB-blockers: Transthoracic echocardiography
is key for diagnosing pericardial disorders, with cMRI
and 18F-FDGPET/CT aiding peri myocarditis
diagnosis. Elevated troponin levels and ECG
changes, such as tachycardia and ST-segment
elevation, are common. Patients with malignancies,
especially lung cancer, should be closely monitored
for rapid exudate buildup, as seen in two cases after
nivolumab. [56-581
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11.3.  Angiotensin  converting-enzyme (ACE)
Inhibitor Therapy (ACEIls): ACE inhibitors (ACEISs)
may help prevent heart failure in patients at risk, such
as those receiving chemotherapy. Studies show
ACEIls protect against anthracycline-induced
cardiomyopathy by influencing the heart’s renin-
angiotensin  system, improving mitochondrial
metabolism, reducing cardiac fibrosis, lowering cell
apoptosis, and offering antioxidant effects. [5°-61

11.4.  Neuregulin-1  (NRG-1):  Transthoracic
echocardiography is key for diagnosing pericardial
disorders, with cMRI and PET/CT aiding in peri
myocarditis diagnosis. Elevated troponin levels and
ECG changes like tachycardia and ST-segment
elevation are common in peri myocarditis. Patients
with malignant visceral involvement, like those with
lung cancer on nivolumab, should be closely
monitored for rapid exudate development. [

12. DISCUSSION

The incorporation of immunotherapy into oncologic
treatment regimens has yielded substantial
enhancements in patient outcomes in recent years.
However, this advancement comes with challenges,
particularly regarding cardiotoxicity. Cardiotoxicity
refers to the heart-damaging effects of certain cancer
therapies, which can lead to heart failure and other
cardiovascular  complications. Immunotherapies,
especially  checkpoint inhibitors, have been
associated with immune-related adverse events
affecting the cardiovascular system. Identifying high-
risk patients, such as those with pre-existing
conditions, is crucial for effective monitoring and
management. A collaborative, multidisciplinary
approach involving oncologists, cardiologists, and
other relevant specialists is crucial for mitigating
cardiotoxicity risks. Continued research is essential to

elucidate  the underlying  mechanisms  of
cardiotoxicity and to inform the development of
targeted prevention and intervention strategies.

13. CONCLUSION

Immunotherapy has transformed cancer treatment,
leading to better survival outcomes and providing
new hope for numerous patients. However, a
significant challenge is the risk of cardiotoxicity,
which can lead to heart damage through immune-
related adverse events. Understanding the
mechanisms of cardiotoxicity is essential, especially
for patients with pre-existing cardiovascular
conditions or those receiving combination therapies.
A proactive, multidisciplinary approach involving
oncologists, cardiologists, and primary care providers
is crucial for early identification and management,
including regular cardiovascular monitoring.
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