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Abstract

Purpose of Review Cancer therapeutics have seen tremendous growth in the last decade and have been effective in the treatment
of several cancer types. However, with advanced therapies like kinase inhibitors and immunotherapies, there have been unin-
tended consequences of cardiotoxicities. While traditional chemotherapy and radiation-induced cardiotoxicity have been well
studied, further research is needed to understand the adverse effects of newer regimens.

Recent Findings Both immune-mediated and non-immune-medicated cytotoxicity have been noted with targeted therapies such
as tyrosine kinase inhibitors and immune checkpoint inhibitors. In this manuscript, we describe the pericardial syndromes
associated with cancer therapies and propose management strategies. Pericardial effusion and pericarditis are common presen-
tations in cancer patients and often difficult to diagnose. Concomitant myocarditis may also present with pericardial toxicity,
especially with immunotherapies. In addition to proper history and physical, additional testing such as cardiovascular imaging
and tissue histology need to be obtained as appropriate. Holding the offending oncology drug, and institution of anti-
inflammatory medications, and immunosuppressants such as steroids are indicated.

Summary A high index of suspicion, use of standardized definitions, and comprehensive evaluation are needed for early
identification, appropriate treatment, and better outcomes for patients with cancer treatment-associated pericardial disease.
Further research is needed to understand the pathophysiology and to evaluate how the management of pericardial conditions
in these patients differ from traditional management and also evaluate new therapies.

Keywords Cardio-oncology - Pericarditis - Pericardial effusion - Cancer immunotherapy - Immune checkpoint inhibitors -
Tyrosine kinase inhibitors

Introduction

This article is part of the Topical Collection on Pericardial Disease There has been a revolution in cancer therapeutics in the last
decade with the advent of targeted and immune-based thera-

pies. This has led to a significant improvement in the survival of
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cancer patients. These palpable benefits in outcomes of cancer
patients have opened new and different spectrum of manage-
ment issues, including varying side effects and long-term man-
ifestations of both the traditional and new cancer interventions.
Cardiovascular complications of cancers and cancer therapeu-
tics are important components of modern oncologic care lead-
ing to a new field of collaborative medicine referred to as
cardio-oncology [1]. Cardio-oncology encompasses various in-
tersections between cardiovascular disease and cancer but has
blossomed as a field due to myocardial, vascular, and metabolic
sequelae of cancer therapies [2]. In this manuscript, we will
focus on the pericardial complications of cancer and cancer
treatments with an emphasis on the new cancer therapeutics.
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Pericardial Disease in Cancer Patients

Pericardial disease including pericardial effusion can occur fre-
quently in cancer patients (Fig. 1). Pericardial effusion is most
often noted as an incidental finding. Cardiac tamponade may
develop if the effusion grows rapidly, if there is prior fibrosis of
the pericardium or if there is any bleeding into the pericardial
sac, which may be fatal. Acute, recurrent, and chronic pericar-
ditis may also develop. Acute pericarditis is defined as the first
episode of pericardial inflammation with presence of at least 2
of 4 criteria. These include pericarditic chest pain; pericardial
rub; widespread electrocardiographic changes, including ST
elevation and/or PR depression; and new or worsening pericar-
dial effusion. In addition, laboratory and imaging findings (e.g.,
elevated inflammatory markers and delayed hyperenhancement
on magnetic resonance imaging) may support the diagnosis as
recommended by the 2015 European Society of Cardiology
Pericardial Disease Guidelines [3]. Incessant pericarditis is de-
fined as pericarditis lasting more than 4-6 weeks and up to
3 months while chronic pericarditis is defined as any pericardi-
tis lasting more than 3 months. Any relapse of symptoms after a
quiet period of 4-6 weeks is referred to as recurrent pericarditis.
Finally, constrictive pericarditis, where the pericardial compli-
ance is reduced due to fibrosis and/or calcification may be the
initial presentation or long-term complication. Effusive-
constrictive pericarditis, where tense pericardial effusion occurs
along with visceral pericardial constriction may also be seen
[4]. Importantly, pericardial disease itself may be a sign of oc-
cult cancer. A Danish national database study reported that
patients with pericarditis had a 50 % higher occurrence of sub-
sequent cancer diagnosis. In this study, pericarditis portended
an increased mortality after a cancer diagnosis [5].

Cancer itself can involve the heart and pericardium
[6]. Primary malignancies involving the pericardium
such as mesothelioma, fibrosarcoma, and angiosarcoma
are rare while secondary or metastatic disease is much
more common [7-9]. The pericardium may be involved
by direct extension of the tumor or much more fre-
quently by metastatic disease such as from the lung,
breast, lymphoma, and melanoma [10]. The overall in-
cidence of both malignant and benign (fibroma, lipoma)
primary pericardial tumors is 0.02 % in the USA based
on autopsy data. Reported prevalence is 0.017 % to
0.028 % and approximately 0.25 to 0.33 % of primary
heart and pericardial tumors are malignant.
Paraneoplastic involvement or general metabolic de-
rangements such as transudative pericardial effusions
are also seen. Furthermore, as life expectancy improves,
primary pericardial conditions may manifest independent
of cancer involvement which may complicate the diag-
nosis and management. In about two-thirds of patients
with documented malignancy, pericardial effusion is
caused by non-malignant causes like radiation, other
therapies, or infections.

Cancer treatment modalities themselves may affect the
heart and pericardium (Fig. 1). The effects of traditional can-
cer therapies such as radiation and anthracyclines on the heart
have been well studied and well described [11, 12]. Hodgkin’s
disease patients who have received radiation therapy can pres-
ent decades later with constrictive pericarditis, valvular heart
disease, or premature coronary artery disease [13]. While
strategies to minimize radiation-induced cardiotoxicity (such
as reducing the dose and area of radiation) have helped, newer
targeted therapies, cancer immunotherapies, and combination
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Fig. 1 Etiology and syndromes of pericardial involvement in cancer and cancer therapy
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therapies have led to more heterogeneous cardiac and pericar-
dial complications. In this manuscript, we will concentrate on
the presentation, diagnosis, management, and future direction
of the newer cancer treatment modalities-associated pericardi-
al disease.

Cancer Treatment-Associated Pericardial
Disease

The epidemiology of cancer treatment-associated pericardial dis-
ease is limited. Only about 0.2 % of all cardiovascular admis-
sions are due to acute pericarditis and it is estimated that many
cases may be subclinical, missed diagnostically, or underreported
[14]. This is probably also true of pericardial disease in cancer
patients, which may be underreported due to lack of awareness
and structured testing before, during, and after treatment.

Radiation Therapy

Radiation therapy is a common cause of pericardial disease
with cancer therapies. The mantle radiation that used to be the
norm for Hodgkin’s disease may have extensive involvement of
the heart, pericardium, and mediastinal structures [15]. Among
solid tumors, radiation is most commonly used for breast and
lung cancer. Radiation may cause large effusions or hemorrhag-
ic effusions or even tamponade. Though early pericarditis that
occurs soon after radiation may be amenable to anti-
inflammatory therapy, most of radiation-associated complica-
tions are delayed and occur after one to two decades [16].
Effusive-constrictive pericarditis or classic constriction may
be seen in about 4-20 % of patients and the incidence seem
to be dose-dependent. Absolute cumulative incidence is 2—5 %
[3]- These patients can present with fibrotic constrictive pericar-
ditis encasing the heart along with restrictive cardiomyopathy,
conduction disease, valvular heart disease, and accelerated cor-
onary artery disease, which increases morbidity and contributes
to increased mortality [17, 18]. Survival is poor, even with
pericardiectomy, leaving few options to effectively manage
these patients [19-21].

Radiation dose-reduction strategies, shielding, and more
narrow fields of radiation have helped reduce the incidence
of complications from 20 to 2.5 %, but the number of patients
presenting few decades after Hodgkin’s disease has increased,
though this is expected to decrease over time given safer ra-
diation treatment strategies [22].

Traditional Chemotherapy

Traditional chemotherapy medications have been associated
with pericardial diseases but much of this appears in case

reports or cases series and has not been systematically studied.
Isolated pericarditis or pericardial effusions have been report-
ed with high dose cytarabine [23—28]. Pericardial and
endomyocardial fibrosis has been described with busulfan
[29]. Myo-pericarditis has been reported with cyclophospha-
mide which has also be associated with pericardial effusion
and pericarditis [30-34]. Although used to manage malignant
pericardial effusion, bleomycin has been associated with life-
threatening pericarditis [35, 36]. Acute pericarditis and peri-
cardial effusion are also seen with anthracycline-based che-
motherapies such as daunorubicin or doxorubicin [37, 38].

Targeted Therapies

Targeted therapy has also revolutionized cancer therapy.
Specifically, the observation that kinase mutations can lead
to cancer has led to the development of kinase inhibitors for
the treatment of cancer. Interestingly, kinase inhibitors can
lead to heterogenous cardiovascular disease including pericar-
dial disease [39, 40]. Pericardial disease has been best de-
scribed with dasatinib, a small molecule inhibitor with activity
against multiple kinases, including which is aberrantly acti-
vated in certain leukemias, such as chronic myelogenous leu-
kemia (CML). Dasatinib has been also associated with both
pleural and pericardial effusions and cardiac tamponade has
been reported [41, 42]. Interestingly, other kinases in this class
such as imatinib can also cause serosal inflammation although
minimal cardiac effects have been reported with imatinib
[43-45].

Cancer Inmunotherapy

Immune system modulation has been used for decades to treat
various conditions including cancer. Nevertheless, in the last
5 years, several new treatments have led to a revolution in
cancer therapy. Depending on the form of immunotherapy,
pericardial diseases can be observed.

a. IL-2 Therapy

Cytokines are small glycoproteins which bind to surface
receptors and influence the development, and function of im-
mune cells. IL-2 is a T-lymphocyte growth factor and in the
1970s was developed as a drug to treat certain cancers includ-
ing renal cell carcinoma and melanoma. IL-2 has a short half-
life in minutes due to rapid metabolism and elimination by the
kidneys; for this reason, it was previously used in high doses. A
number of vascular issues including capillary leak syndrome
(perhaps due to lymphoid infiltration into tissues) were ob-
served after IL-2 treatment [46, 47]. Myocarditis and
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pericarditis are observed in 2.5-5 % of patients and can pres-
ent as asymptomatic temporary left ventricular dysfunction.

b. Interferon Alpha

Interferon alpha was shown to have cytogenic activity and
has been previously used for the treatment of melanoma and
chronic myelogenous leukemia. However, pericarditis and
pericardial effusion can occur [48-50]. With the advent of
targeted and immune-based therapies, interferon is rarely used
for cancer treatment in 2019.

c. Immune Checkpoint Inhibitors

Immune checkpoint inhibitors (ICI) are antibodies against
“brakes” or checkpoints in immune cells—specifically T-lym-
phocytes. ICI include monoclonal antibodies against CTLA-4
(e.g., ipilimumab), PD-1 (nivolumab, pembrolizumab,
cemiplimab), and PD-L1 (atezolizumab, durvalumab,
avelumab). By activating the immune system, ICI have revo-
lutionized treatment for several cancer types [51]. In 2018, the
Nobel Prize in medicine was awarded to Drs. James P. Allison
and Tasuku Honjo for discovering these receptors and their
potent role in cancer regulation. Initially approved in metasta-
tic melanoma, renal cell cancer, and non-small cell lung can-
cer, they are being used for many cancer types. In 2017, there
were over 3000 active clinical trials with more than 600,000
patients involving ICI [52]. Increasingly, ICI are being used in
combination for more effective therapies. In addition, for
many cancer types, ICI are being combined with existing tra-
ditional or targeted therapies. Occasionally, ICI can cause
immune-related toxicities, which include the cardiovascular
systems. In 2016, Johnson and colleagues reported two cases
of fulminant myocarditis following treatment with ipilimumab
and nivolumab [53]. Since then, ICT have been associated with
a number of other cases of myocarditis, but also pericardial
disease, including pericarditis, vasculitis, or arrhythmia [54¢].
Pharmacovigilance databases suggest that close to 1 % of
patients with combination ICI treatment can have cardiovas-
cular toxicities [55, 56]. ICI-associated cardiovascular toxic-
ities, especially myocarditis, can portend a poor prognosis
with 50 % mortality [55].

Pericardial conditions were not recognized in the early clin-
ical trials with ICI but are increasingly reported and include
pericarditis, pericardial effusion, and tamponade, and can be
associated with myocarditis [5S7—60]. Based on the large
World Health Organization (WHO) pharmacovigilance data-
base (Vigibase), ICI-associated pericardial disease can present
after a median time of 30 days (IQR 8.5-90), often 1 or 2 ICI
administrations following initiation of therapy [54, 61¢¢]. The
fatality rate of ICl-associated pericarditis was 21.1 %. More
pericarditis was reported in men; however, this may be due to
more men receiving ICI in both clinical trial and real-world
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population settings. Further characterization of ICI-associated
pericardial diseases is needed [54¢]. Interestingly, ICI, when
used in lung cancer, appears to carry a higher risk of pericar-
ditis [54¢].

Pathophysiology of Pericardial Involvement

Cancer therapies can cause pericardial disease by a number of
different mechanisms. Pericardial reaction to injury leads to
fibrinous exudate, fluid, or cells and varies by the type of
injury [62]. Over time, fibrosis may occur though the extent
of which may depend on the etiology and lead to constriction.
Radiation exposure leads to T cell-mediated injury [15]. With
acute pericarditis, neutrophilic or macrophage infiltration may
be observed. In constrictive pericarditis, exudates, fibroblast
proliferation, and neovascularization have been observed [63].
In patients with pericarditis due to ICI, fibrinous exudates with
mostly lymphocytes, plasma cell, and macrophage infiltration
have been observed. Recently, Altan et al. reported 3 patients
with IClI-associated pericarditis with histopathological evi-
dence of lymphocytic and macrophage infiltration. Further
characterization of immune infiltrates revealed increased
CD68 expression in ICI-pericarditis consistent with macro-
phages. In addition, CD 68+ cells had increased PDL1 expres-
sion [64]. These observations are consistent with histological
examination of ICI-associated myocarditis [53, 65]. Further
molecular characterization of ICI-associated pericarditis is
warranted.

Special Conditions
Worsening of Pre-existing Pericardial Disease

While cancer therapies may cause de novo pericardial dis-
eases, they may also worsen pre-existing conditions. For ex-
ample, radiation or medications may cause recurrences of
pericarditis or worsen pre-existing pericardial effusion. It is
important to obtain proper baseline cardiac status before initi-
ation of treatment to assess if any change is attributable to the
cancer therapy or due to other comorbidities.

Combination Therapies

Multi-modal treatment is common in cancer therapeutics and
the different combinations of medications, radiation, and che-
motherapy may have additive or synergistic deleterious effect
on the pericardium or heart. Further combination ICI therapies
are being used more and more often. In addition to cancer
therapeutics, immune reconstitution and opportunistic infec-
tions may lead to worsening or new problems.
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Clinical Presentation and Diagnosis
of Pericardial Disease Associated with Cancer
Treatment

History

A careful cardiac history of baseline cardiac and other pre-
existing conditions must be obtained in every patient undergo-
ing cancer therapy. This is an important consideration for some
medications given cyclically such as ICI therapy, since the con-
dition may not present until after several doses have been
administered.

Physical Exam

Patients should undergo a thorough physical examination and
be evaluated for vital signs, pericardial rub, or signs of
tamponade or constriction including volume status, jugular ve-
nous distension, Kussmaul’s sign, pulsus paradoxus, pericardial
rub, pericardial knock, and pedal edema.

Laboratory

Inflammatory biomarkers such as sedimentation rate and C-
reactive protein have been studied in the diagnosis and man-
agement of pericarditis. Though nonspecific, elevated inflam-
matory markers are supportive of the diagnosis of pericarditis
and may help manage the condition. Serial monitoring of in-
flammatory markers gives important information about when to
taper or discontinue anti-inflammatory therapy.

Elevated troponin may be seen in patients who have myo-
pericarditis (predominant pericardial involvement) or peri-
myocarditis (predominant myocardial involvement) in addition
to patients with acute coronary syndromes. Patients with elevat-
ed troponin have shown to have poor prognosis [56].

Electrocardiogram (EKG)

An electrocardiogram is a first-line investigation in the diagno-
sis of suspected pericarditis. EKG changes such as diffuse ST
elevation, PR depressions may be evolutionary and may be
missed.

Imaging

The American Society of Echocardiography and the European
Association of Cardiovascular Imaging expert consensus doc-
ument on the multimodality imaging of patients during and
after cancer therapy, highlights the importance of multimodality
imaging of patients undergoing cancer therapy. Multimodality
imaging will help clarify patients who have constrictive peri-
carditis or restrictive cardiomyopathy or a combination of both
such as in radiation-induced constriction [66].

Echocardiogram

The American Society of Echocardiography expert consensus
statement recommends echocardiography as the first imaging
study to evaluate pericardial conditions [67]. The presence and
quantity of pericardial effusion, thickness of the pericardium,
diastolic collapse of right-sided chambers in tamponade and
signs of constriction including diastolic septal bounce, respira-
tory variation across mitral and tricuspid valves, respirophasic
shift, and tethering may be identified, which will help in diag-
nosing and managing these patients. An echocardiogram is
non-invasive with minimal risks and can be repeated to follow
the course of pericardial disease.

CT Scan

Most often, patients are incidentally diagnosed with a pericar-
dial condition after a CT scan is obtained as part of evaluation
or treatment for their malignancy. A CT scan may help eval-
uate pericardial effusion, pericardial calcification, and
thickening.

MRI

Cardiac MRI with contrast is more helpful and is indicated in
specific situations. Pericardial edema may be identified by
T2W STIR (Short T1 Inversion Recovery) imaging and late
gadolinium enhancement of the pericardium indicating active
inflammation (Fig. 2). MRI is also useful to identify constric-
tive physiology, including tethering, conical or tubular ven-
tricular deformity, abnormal septal motion, and respirophasic
septal shift.

Histopathology

Patients who undergo pericardiocentesis or pericardial win-
dow should have fluid/tissue tested for chemistry and histol-
ogy. In the event of patient death, an autopsy could be consid-
ered for further evaluation to confirm the diagnosis and
etiology.

General Management of Pericardial Conditions

Diagnosis and management of pericardial diseases due to can-
cer therapy are challenging for a number of reasons. First, the
presentation may be atypical; signs and symptoms may be
attributed to other etiologies. As a result, prompt diagnosis
may not occur, and so an increased awareness of this condition
is critical. Second, identifying the etiology of pericardial con-
ditions and determining if the pathology is due to cancer ther-
apy, cancer itself or due to other reasons can be difficult. A
careful examination of the patient’s baseline cardiac testing, as
well as combination of an EKG, cardiac biomarkers, cardiac
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Fig. 2 Pericardial inflammation on cardiac magnetic resonance imaging.
Orange arrows show late gadolinium enhancement of pericardium
adjacent to the right ventricle

imaging, and a proper history and physical exam is necessary
to delineate the chronology of events that will help better
classify the nature of the pericardial disease. Finally, although
there has been an interest in newer therapies for pericarditis,
there is a paucity of data as how to treat the patients with
pericardial diseases.

Dose-reduction strategies are useful in preventing complica-
tions for traditional chemotherapy and radiation therapy [17]. In
some cases, cancer therapy may be held. The decision to stop
the offending drug depends on the overall cancer prognosis and
cancer response to the individual therapy. If ICI-associated
myocarditis is suspected, complete drug discontinuation may
be needed due to potentially fulminant course.

Pericardial Effusion

Mild and moderate pericardial effusion may be conservatively
monitored with regular echocardiograms. In cases where there
is a need to determine etiology (e.g., malignant effusion or
treatment related effusion), then a diagnostic pericardiocentesis
is recommended. Depending on the size of effusion, this can be
done using echo guidance at the bedside, using fluoroscopy
guidance in the cath lab or with CT guidance in interventional
radiology. Knowing the techniques and expertise available at
your institution is paramount. Large pericardial effusions typi-
cally benefit from therapeutic pericardiocentesis or pericardial
window placement. Malignant effusions may be treated with
intrapericardial instillation of agents such as bleomycin
[68—70]. Recurrent effusions are managed by pericardial win-
dow placement. Pericardial fluid evaluation and pericardial
window placements allow tissue diagnosis and rule out any
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bleeding into the pericardial sac. Pericardial effusion related to
pericarditis is treated by treating the pericardial inflammation as
described below.

Cardiac Tamponade

Cardiac tamponade is a medical emergency and is suspected
clinically. Diagnosis is usually confirmed by physical examina-
tion and focused echocardiogram. Immediate intervention is
needed to prevent hemodynamic collapse and possible death.

Acute Pericarditis

Acute pericarditis is treated with anti-inflammatory med-
ications such as high-dose aspirin or non-steroidal anti-
inflammatory drugs (NSAID) with exercise restriction.
Colchicine may be added to prevent recurrences and is
considered first-line therapy in acute or recurrent pericar-
ditis [3]. Steroids are usually avoided or used as a second-
line at low to moderate doses for cases not improving
with NSAIDs and colchicine but may lead to steroid de-
pendence. However, in patients with ICI-related pericar-
ditis, in addition to stopping the drugs, high-dose steroids
may be needed especially if concomitant myocarditis and
other ICI-associated toxicities are suspected. In patients
with cancer, some of these therapies may have to be al-
tered. For example, aspirin may increase the risk of bleed-
ing in cancer patients with thrombocytopenia.

Recurrent Pericarditis

Chronic or recurrent pericarditis is treated with a combination
of anti-inflammatory medications’ aspirin or NSAIDs with
colchicine and exercise restriction as a first-line. Resistant
cases are treated with low-to-moderate-dose steroids. In idio-
pathic recurrent pericarditis, high-dose steroids have been
shown to increase side effects and chance of recurrences; how-
ever, the pathophysiology of cancer treatment-related pericar-
ditis may be different as discussed above in cancer immuno-
therapy and may need treatment with high doses [71]. Steroid-
dependent or difficult to treat patients may need treatment
with immunosuppressive drugs such as azathioprine or
interleukin-1 blocker such as anakinra [72]. While these drugs
have not been specifically studied in the treatment of cancer
treatment-related pericarditis, they are promising supportive
medications.

Constrictive Pericarditis

Constrictive pericarditis is most commonly seen in pa-
tients who received radiation therapy. Transient constric-
tion or rarely chronic constriction may develop in patients
treated with other modalities. Initial treatment options
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include management of heart failure symptoms with di-
uretics, anti-inflammatory therapy in the presence of peri-
cardial inflammation or elevated inflammatory markers,
and finally pericardiectomy. The prognosis of
pericardiectomy itself varies based on the etiology with
radiation-induced constriction having the worst prognosis
[20, 73, 74]. These patients have coexisting valvular pa-
thology, cardiomyopathy, and accelerated coronary dis-
ease leading to worse outcomes.

Management of Cardiac Inmune-Related Adverse
Events Due to Immune Checkpoint Inhibitors

There are no concrete guidelines recommended for manage-
ment of cardiac immune adverse events. American Society of
Clinical Oncology clinical practice guideline offers guidance on
management of immune-related adverse events, though there is
paucity of evidence-based therapy. Much of the recommenda-
tions extrapolate to similar non-cancer-related diseases and fol-
lowing ACC/AHA guidelines under the guidance of a cardiol-
ogist [75]. Though cardiac immune-related adverse events are
rare, they may be fatal. Therefore, it is recommended that diag-
nosis be made promptly and definitively, and immunotherapy
be held. High-dose steroids are recommended for myocarditis;
there are case reports of patients with pericarditis treated with
high-dose steroids. Anti-inflammatory medications including
aspirin or non-steroidal and colchicine should be considered
in patients with ICI-associated pericarditis [61ee].
Pericardiocentesis and pericardial windows may be needed if
patient presents with tamponade.

Conclusions and Future Direction

The recent advances in cancer therapeutics have resulted in
advances for cancer care and improved survival of oncology
patients. Newer regimens, including targeted therapies and
immunotherapies such as immune checkpoint inhibitors, have
dramatically improved the life expectancy for certain cancers.
Multiple studies are underway for combination treatments for
even better treatment efficacy, leading to an even greater num-
ber of patients being treated. Unintended consequences of
cardiotoxicity have resulted in the new field of cardio-oncol-
ogy. Immune checkpoint inhibitors are especially intriguing
because of adverse immune reactions including pericardial
effusions or pericarditis. A high degree of clinical suspicion
is needed to treat patients. Because of the novelty of these drug
effects, research is needed to better understand the underlying
pathophysiology and to standardize cardiac evaluation.
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