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The coronavirus disease of 2019 (COVID-19) pandemic con-
tinues to ravage populations across the world, with more than
3 million confirmed cases and 200,000 lives lost. Given the
rapid spread of disease, the medical community is looking to
pre-existing medications, paradigms, and models to better un-
derstand and treat COVID-19, necessitating multi-disciplinary
expert input to explain the myriad of findings in COVID-19,
as well as help formulate novel and effective therapies.

Cardiac injury is commonly seen in patients with COVID-
19, and is associated with worse prognosis and mortality [1].
The exact mechanisms of cardiac injury are unknown, but
some hypothesized mechanisms include direct viral myocar-
dial injury, microvascular injury, stress cardiomyopathy, myo-
cardial supply-demand mismatch, and/or systemic
hyperinflammation resulting in cardiac injury [2]. Published
reports of COVID-19 cohorts demonstrate the presence of
significant inflammation, with elevated interleukin (IL)-6,
high sensitivity C-reactive protein, D-dimer, ferritin, and
erythrocyte sedimentation rate. Therefore, there is a signifi-
cant likelihood that a hyperinflammatory state akin to cyto-
kine release syndrome (CRS) plays an important role in the
pathogenesis and prognosis of advanced COVID-19, includ-
ing its cardiotoxicity.

Cancer immune therapy may provide key insights into the
pathobiology of the hyperinflammatory phase in COVID-19
and its effects on the cardiovascular system. Two key contem-
porary immune therapies are immune checkpoint inhibitors
(ICD and chimeric antigen receptor T cells (CAR-T). With
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ICIs, monoclonal antibodies block various inhibitory check-
points (such as PD-1, PD-L1, CTLA-4) in the host’s immune
system, rendering the immune system able to recognize and
more effectively attack tumor cells. In CAR-T therapy, T cells
are engineered to express chimeric tumor-associated antigen
receptors which recognize tumor antigens and initiate the
host’s immune response. Although these approaches have
provided remarkable success in treating previously aggressive
cancers, they may be associated with cardiac injury and car-
diovascular events [3]. The mechanisms of cardiotoxicity in
ICI and CAR-T therapy are distinct but poorly understood. In
ICI cardiotoxicity, blockade of intrinsic checkpoints by anti-
body administration leads to immune cell-mediated myocar-
ditis, which is associated with significant morbidity and mor-
tality. [4] Cardiotoxicity associated with CAR-T cells is relat-
ed to CRS, a phenomenon marked by an exuberant release of
inflammatory cytokines, with IL-6 thought to be an important
mediator of this response [5]. Primary treatment for these im-
mune therapy—related cardiotoxicities is different. For ICI
myocarditis, the front-line therapy generally involves broad
immunosuppression. For CAR-T-related toxicity, therapy is
aimed at reducing the inflammatory milieu and limit organ
dysfunction. As such, in severe CRS, IL-6 inhibitors are
now a mainstay of therapy with reasonable outcomes.

Given the emerging picture of COVID-19 leading to a
hyperinflammatory state with resulting cardiotoxicity, there
may be important lessons to learn and apply from our immune
therapy experience (Fig. 1). With COVID-19, early data sug-
gest a T cell exhaustion with increased expression of PD-1 and
PD-LI1. In this setting, blockade of these critical pathways
with ICIs may be harmful. Rather, supporting the immune
response with a CTLA-4 agonist may be helpful. There has
been a hesitance to employ immunomodulators in COVID-19
for fear of potentiating viral replication and reducing host
immune viral clearance. However, there is likely a role for
immune-modulatory therapy in severe COVID-19, where a
dysregulated host immune response is responsible for the cap-
illary permeability and multi-system dysfunction seen in
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Putative mechanisms of cardiotoxicity in COVID-19 and relationship to contemporary
immune therapies
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Fig. 1 Putative mechanisms of cardiotoxicity in COVID-19 and relationship to contemporary immune therapies

critically ill patients. In advanced disease, the use of general
immunomodulators such as corticosteroids, along with intra-
venous immunoglobulin, may provide for reduction in the
inflammatory environment and rescue vital organs, akin to
that seen in ICI myocarditis. More directly, with a key role
of IL-6 in COVID-19 hyperinflammation, utilizing IL-6 in-
hibitors may lead to interruption of the cytokine storm, similar
to that with CAR-T myocardial injury. In addition, and be-
yond the focus of this report, the long-term sequelae of this
hyperinflammation to the cardiovascular system are unknown,
both with immune therapies and in COVID-19. Indeed, it has
been posited that these immune injuries may be risk factors for
the development of future cardiovascular disease through fi-
brosis or accelerated atherosclerosis, among other mecha-
nisms. This identifies a critical need for long-term study of
COVID-19 patients to understand cardiovascular sequelae ef-
fects of this disease.

In summary, a significant part of the cardiovascular sequel-
ae of COVID-19 is likely due to the exuberant immune acti-
vation. There are important parallels to be drawn between this
stage of COVID-19 with the cardiac injury seen with both
CAR-T cell and ICI therapies, where dysregulation of the
immune and inflammatory response can lead to cardiovascu-
lar events. Use of immunomodulators in COVID-19 may fol-
low the relative success of such therapies to treat the toxicities
of CAR-T and should be heavily considered in cases of patient
decline and emerging shock. Only with the application of such
inter-disciplinary investigation and therapeutic development
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can there be an effective and urgent treatment of the global
COVID-19 pandemic that threatens millions of lives globally.
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