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Cardiovascular disease is the most com-
mon cause of death in Germany (38.5%)
followed by cancer (25%; [1]). Cardio-
vascular disease and cancer share com-
mon risk factors, e.g., smoking, diabetes
mellitus, and age. Hence, a significant
portion of patients are affected by both
diseases. With improvements in can-
cer therapy and subsequently increased
numbers of long-term cancer survivors,
cardiovascular side effects related to
cancer therapy are a health concern
of increasing importance considering
their significant impact on morbidity
and mortality [2]. Cancer and heart
disease are closely related in terms of
pathophysiology and influence on each
other [3]. While the induction of cardio-
vascular diseases by cancer and cancer
therapy has already been extensively
characterized, there are now indications
that cancer itself can be promoted by
heart diseases [3]. Oncocardiology aims
to identify mechanisms that lead to car-
diovascular diseases through cancer and
cancer therapy, to establish appropriate
diagnostic measures, and to identify the
best possible therapy to reduce the bur-
den of cardiovascular disease in cancer
patients [4].

The novel field of oncocardiology has
gained recognition within the medical
and scientific community. Scientific ef-
forthasraised awareness of this field, par-
ticularlyamong oncologistsand cardiolo-
gists. During the past 4 years, the number
of annual PubMed-listed scientific pub-
lications dealing with “oncocardiology”
has more than doubled. Specialist soci-
eties, including the European Society of
Cardiology (ESC) and the German Soci-
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ety of Cardiology (DGK), have estab-
lished oncocardiology working groups
[5]. Importantly, a joint working group
was also initialized within the German
Society for Hematology and Medical On-
cology (DGHO) and the DGK as an
effort to improve interdisciplinary co-
operation. Specialized oncocardiology
units have been embedded at centers with
a large cardiologic and oncologic focus
[5].

Despite growing recognition and ad-
vances in scientific research, significant
gaps of knowledge can still be found
among specialized personnel involved
in this discipline. A recent interna-
tional survey on healthcare providers’
knowledge on oncocardiology identified
in particular profound differences re-
garding the definition, monitoring, and
treatment of cancer therapy-related car-
diotoxicity [6]. Particularly, only 45.8%
of oncologists interviewed believed that
oncocardiology clinics could improve
patients’ outcome [6]. In light of the
considerable relevance of providing the
best possible care for the growing patient
population, the results indicate persist-
ing deficits and call for more educational
and scientific effort in the field of on-
cocardiology. Complete integration into
the medical care system and evaluation
within the current socioeconomic con-
text is mandatory for future progress.
In the following, recent advances in
oncocardiology are summarized and the
necessary scientific effort and structural
improvements to facilitate the best-pos-
sible oncocardiology care are outlined.

Cardiotoxicity of new
substances

Anthracyclines  (e.g.,  doxorubicin,
daunorubicin) are widely regarded as
the prototype of cardiotoxic cancer ther-
apy [7]. They were identified as one of
the first chemotherapeutic agents in 1963
and were first applied for the treatment
of leukemia and solid tumors shortly
thereafter [8]. Anthracyclines continue
to be a cornerstone of modern cancer
therapy and represent integral parts of
systemic cancer therapy, including the
standard form of adjuvant therapy in
breast cancer, which is the cancer with
the highest incidence in Germany [2].
Anthracyclines are associated with a sig-
nificant risk of cardiotoxic side effects,
with left ventricular (LV) dysfunction
and consecutive manifest heart failure
as the most important form considering
their profound impact on short- and
long-term morbidity and mortality [9].

During the past two decades, targeted
therapeutics have been developed and are
increasingly applied in cancer therapy.
By specifically targeting cancer-specific
aberrant signaling or biochemical mech-
anisms, this new form of therapy aims
for better anti-cancer efficacy while si-
multaneously reducing systemic side ef-
fects. The firstevidence of significant car-
diotoxicity from a widely used targeted
therapy was found for trastuzumab, an
inhibitor ofhuman epidermal growth fac-
tor receptor 2 (HER2) thatis broadly used
in the treatment of HER2-positive breast
cancer. Patients receiving trastuzumab
are at risk of LV dysfunction in 7-34% of
cases, and concomitant use of anthracy-
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Fig. 1 A lllustration of various cancer therapeutics with known cardiovascular side effects. Green, con-
ventional cancer therapy; blue, targeted cancer therapy. BRAF mutated rapidly accelerated fibrosar-

coma kinase B, EGFR endothelial growth factor receptor, HER2 human epidermal growth factor recep-
tor 2, MEK mitogen-activated protein kinase kinase, VEGF vascular endothelial growth factor receptor

clines appears to augment the cardiotoxic
potential of both agents [2, 4]. Signifi-
cant progress in the development of new
drugs has led to the increasing use of tar-
geted therapeutics with great improve-
ments in morbidity and mortality, but
the increased use has unmasked various
forms of side effects, including severe
cardiovascular toxicities (B Fig. 1; [10]).
Considering the broad application and
rapid progress in the field of targeted
therapeutics together with the growing
number of long-term survivors after can-
cer therapy, in-depth knowledge of the
cardiotoxic side effects of specific classes
of targeted therapies is essential for the
best possible oncocardiology treatment.
Identifying relevant cardiovascular toxic-
itiesand appropriate preventive measures
will be the most important challenge for
oncocardiology in the future.

Immune checkpoint inhibitors

Immune checkpoint inhibitor (ICI) ther-
apy induces an anti-tumor immune re-
action by blocking immune-inhibitory
signaling via the programmed death 1
(PD1), or T-lymphocyte associated pro-
tein 4 (CTLA4) pathways [11]. The
survival rate of various cancers has been
greatly improved thanks to ICI therapy,
particularly melanoma and non-small
cell lung cancer. However, ICI therapy is
associated with the risk of autoimmune-
triggered immune-related adverse events
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(irAEs), including a significant risk of
cardiotoxicity. The most recognized
form is ICI-related myocarditis, which
is found in 1-2% of treated patients
with a fatality rate of 27-46% due to
the high rate of cardiogenic shock and
severe arrhythmia [11]. Increasing use
of ICI therapy has unmasked further
cardiotoxic side effects, including sub-
clinical LV dysfunction or elevations in
cardiac troponin, takotsubo syndrome,
and pericardial disease [12]. Cardiac
irAEs are commonly treated by im-
munosuppressive therapy. It is currently
unclear whether it is safe to re-initi-
ate a potentially life-saving ICI therapy
after the resolution of cardiac adverse
events [12]. Future research is needed to
determine the underlying pathomecha-
nisms and to identify a specific therapy
for cardiovascular side effects without
compromising the anti-cancer efficacy.

VEGF inhibitors

Inhibitors of the vascular endothelial
growth factor (VEGF) receptor such as
bevacizumab are used in various forms
of solid cancers, including colorectal
carcinoma, non-small cell lung cancer,
and renal cell cancer. These inhibitors
decrease tumor growth by inhibiting
intra-tumoral angiogenesis. They are
associated with a dose-dependent risk of
arterial adverse events including cardiac
ischemia, venous thromboembolism,

and arterial hypertension [13]. Car-
diotoxic effects are dependent on the
type of cancer and the stage of disease.
Decreased endothelial generation of ni-
tric oxide is hypothesized as a potential
underlying pathomechanism. Interest-
ingly, arterial hypertension may serve as
a surrogate parameter for monitoring an
effective VEGF inhibition and response
to therapy as it is considered a direct,
on-target effect on VEGF signaling [14].
Oncocardiology care of patients receiv-
ing VEGF inhibitors focuses on optimal
control of arterial hypertension to reduce
the risk of major adverse events. The
potential benefits of thromboprophylaxis
remain controversial due to the higher
bleeding risk linked to VEGF inhibitors
[15].

BRAF and MEK inhibitors

Inhibitors of mutated rapidly acceler-
ated fibrosarcoma kinase B (BRAF),
e.g., dabrafenib and vemurafenib, and
inhibitors of mitogen-activated protein
kinase kinase (MEK), e.g., trametinib
and cobimetinib, are used for melanoma
therapy. As combination therapy, BRAF
and MEK serine/threonine protein ki-
nase inhibitors have improved survival
rates in metastatic disease in the pres-
ence of the BRAF-V600 mutation [16].
However, both classes of drug are asso-
ciated with a high risk of cardiovascular
adverse events that are more commonly
found when they are used as combina-
tion therapy. Adverse effects include LV
dysfunction, pulmonary embolism, and
arterial hypertension [15]. Currently,
a combination of BRAF-/MEK-inhibitor
therapy and ICI therapy targeting PD1
is under clinical evaluation [17]. It is
clearly expected that this form of com-
bination therapy may exhibit a complex
pattern of cardiovascular side effects that
requires oncocardiologic surveillance.

Proteasome inhibitors

The proteasome inhibitor carfilzomib im-
proved treatment of multiple myeloma
but large-scale application has revealed
cardiotoxicity in 8.7% of treated patients,
particularly with arterial hypertension
and cardiac failure in 6-8% of cases



Hier steht eine Anzeige.

@ Springer



Abstract - Zusammenfassung

[18-20]. Although the underlying path-
omechanism has not been elucidated,
proteasome inhibitor-associated per-
turbation of endothelial nitric oxide
synthase (eNOS) has been hypothesized
to facilitate cardiovascular dysfunction
[21]. Additionally, a direct effect on
cardiac protein homeostasis has been
demonstrated in a preclinical model
[22]. Risk factors for cardiotoxicity (e.g.,
diabetes mellitus, poorly controlled arte-
rial hypertension, known history of heart
failure) should be assessed at baseline.
Echocardiography is recommended at
every two to three cycles. Monitoring
of brain natriuretic peptide (BNP) levels
is recommended for patients who are at
increased cardiac risk. Elevation of BNP
(>400pg/ml) is associated with higher
rates of hospitalization for cardiovascular
adverse events [21]. Metformin may ex-
hibit a preventive effect, but prospective
clinical data are still warranted [22].

Bruton kinase inhibitors

Ibrutinib is an inhibitor of Bruton ty-
rosine kinase. It is used for treatment
of chronic lymphocytic leukemia, man-
tle cell lymphoma, and Waldenstrom
macroglobulinemia. Patients receiving
ibrutinib therapy are at risk of atrial fibril-
lation (AF) with a cumulative incidence
of up to 11%. Additionally, ibrutinib in-
duced new-onset arterial hypertension
in 71.6% of ibrutinib users, consequently
predisposing them to major cardiovas-
cular events [23]. In a recent phase-
III trial on ibrutinib together with the
CD20 inhibitor rituximab for chronic
lymphatic leukemia, the combination
therapy showed a twofold higher inci-
dence of severe cardiovascular events
compared with chemoimmunotherapy
[24]. Despite this finding, FDA approval
was granted in April 2020 [25].

It is hypothesized that inhibition of
phosphoinositide 3-kinase (PI3K) in
cardiomyocytes by ibrutinib induces AF
[26]. Therefore, ECG is recommended
at baseline and every 3 months there-
after or when symptoms occur [27].
Importantly, ibrutinib interacts phar-
macologically with several common
cardiac drugs via cytochrome P3A4
and the P transporter, e.g., dabigatran,
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Abstract

Patients with cancer are at a higher risk of
cardiovascular disease, which contributes to
significant morbidity and mortality. The rapid
progress in the field of oncological treatments
has led to a steady increase in long-term
cancer survivors. Care for cardiovascular com-
plications is therefore becoming increasingly
important. In addition, the establishment

of new oncological therapies has resulted

in the identification of previously unknown
cardiovascular side effects. Oncocardiology
aims to detect and treat cardiovascular
diseases associated with cancer and cancer
therapy. Continuous scientific, clinical, and
structural developments are necessary as
the basis for the best care of the growing
number of affected patients. This review
summarizes current developments in the
field of oncocardiology with regard to
advances in cancer therapy and challenges in
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clinical oncocardiology work. Cardiovascular
side effects by targeted cancer therapies

are characterized and recent advances in
the field of cardiovascular diagnostics are
outlined. Developments to better integrate
oncocardiology into the medical care system
and perspectives for modern, patient-
oriented care are shown. In light of the coro-
navirus disease 2019 (COVID-19) pandemic,
current challenges and opportunities are
highlighted. The relevance of profitable
further advances in oncocardiology including
standardized guidelines and educational
programs is delineated as a mandatory
requirement for the successful development
of oncocardiology.
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Zusammenfassung

Patienten mit einer Krebserkrankung sind
einem erhdhten Risiko von Herz-Kreislauf-
Erkrankungen ausgesetzt, welche zu einer
erheblichen Morbiditdt und Mortalitat
beitragen. Der schnelle Fortschritt bei der
onkologischen Behandlung fiihrt zu einer
stetigen Zunahme von Langzeitiiberle-
benden nach Krebserkrankung, sodass

der Behandlung von kardiovaskuldren
Komplikationen eine wachsende Bedeutung
zukommt. Dariiber hinaus wurden mit

der Etablierung von neuen onkologischen
Therapien neue, bisher unbekannte kar-
diovaskuldre Nebenwirkungen identifiziert.
Ziele der onkologischen Kardiologie sind das
Erkennen und Behandeln von Herz-Kreislauf-
Erkrankungen im Zusammenhang mit Krebs
und Krebstherapien. Eine kontinuierliche
wissenschaftliche, klinische und strukturelle
Entwicklung ist die Grundlage fiir die best-
mdogliche Versorgung der wachsenden Zahl
betroffener Patienten. In der vorliegenden
Ubersichtsarbeit sind aktuelle Entwicklungen
im Bereich der onkologischen Kardiologie in
Hinblick auf Fortschritte in der modernen

Onkokardiologie: Neue Herausforderungen, neue Moglichkeiten

Tumortherapie und aktuelle Herausforde-
rungen der klinischen onkokardiologischen
Arbeit zusammengefasst. Kardiovaskuldre
Nebenwirkungen durch zielgerichtete
Krebstherapien und Weiterentwicklungen auf
dem Gebiet der kardiovaskuldren Diagnostik
werden erortert. Ansdtze zur besseren
Einbindung der onkologischen Kardiologie
in das medizinische Betreuungssystem und
Chancen fiir eine moderne, patientenori-
entierte Versorgung werden beschrieben.
Angesichts der aktuellen Coronavirus-
Pandemie (COVID-19) werden aktuelle
Herausforderungen und Chancen in der
onkokardiologischen Patientenbetreuung
dargestellt. Die Relevanz einer profitablen
Weiterentwicklung in der onkologischen
Kardiologie mit standardisierten Leitlinien
und Fortbildungsprogrammen wird als Vor-
aussetzung fiir eine erfolgreiche Entwicklung
in der Kardioonkologie aufgezeigt.

Schliisselworter
Krebs - Herz-Kreislauf-Erkrankungen -
Kardiotoxizitat - COVID-19 - Bildgebung
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calcium antagonists, amiodarone, and
digitoxin [28]. It exhibits a platelet ag-
gregation defect and is associated with
an increased incidence of central ner-
vous system hemorrhagic events [28].
Elevated bleeding risk can be further
augmented by oral anticoagulation that
is introduced following new-onset AF.

New imaging in oncocardiology

Despite a robust body of evidence on
anthracycline-related cardiotoxicity, di-
agnosis often remains challenging due to
suboptimal diagnostic tools. Echocar-
diography is the diagnostic gold stan-
dard in oncocardiology. Left ventricular
ejection fraction (LVEF) serves as the
main parameter for detecting changes
in LV function [4]. However, manifest
changes in LVEF are found at an ad-
vanced stage of myocardial impairment
due to cancer therapy, and may not be
entirely reversible. It is crucial to detect
early, subclinical changes in LV function
during cancer therapy so as to initiate car-
dioprotective measures before manifest
heart failure develops [9]. Myocardial
strain is thought to meet this require-
ment by offering a method for detecting
early changes before heart function dete-
riorates, and it has been evaluated in var-
ious studies. As demonstrated in a new
meta-analysis, aggregate evidence con-
firms a good prognostic performance of
global longitudinal strain for subsequent
LV dysfunction from anthracycline ther-

CV disease

+ Impaired circulation

+ Impaired respiratory
reserve

+ Vascular complications

+ Hypertension
+ Hypercholesterinemia
» Obesity

Fig. 2 < Risk fac-
tors for coronavirus
2019 (COVID-19)

in oncocardiology.
Shared risk factors,
cancer-associated
risk factors, and risk
factors from car-
diovascular disease
(CV) predisposing to
COVID-19 infections
with adverse out-
comes are depicted

apy with or without trastuzumab [29].
Combining assessment of cardiac tro-
ponin and strain analysis further aug-
ments the sensitivity of predicting man-
ifest cardiotoxicity [9, 30].

While a robust body of evidence
covering LV function during cancer
therapy is available, the characteristics
and clinical relevance of right ventricular
(RV) impairment are poorly understood.
Right ventricular dysfunction upon can-
cer therapy is more common in cancer
survivors than LV dysfunction and de-
velops 6-7.5 months after exposure to
anthracyclines and/or trastuzumab with
adose-dependent incidence [31]. Three-
dimensional assessment of RV volumes
including the assessment of RV strain
may represent a beneficial tool for the
evaluation of chemotherapy-related RV
dysfunction and has yielded consistent
results, but it is not yet broadly applied in
standardized echocardiographic exami-
nations [32]. Future studies are needed
to determine appropriate cutoff values
and recommendations for the use in
oncocardiology [31].

Nuclear cardiology offers a wide array
of diagnostic possibilities and may be-
come indispensable as a diagnostic tool
in oncocardiology. Fluorodeoxyglucose
positron emission tomography com-
puted tomography (**FDG-PET/CT)
shows enhanced myocardial "*FDG-up-
take in patients exposed to anthracycline
chemotherapy as a sign of oxidative stress
and alterations in cardiac metabolism

[33]. Distinct patterns of "*FDG up-
take, particularly including the RV,
have been associated with anthracycline
cardiotoxicity.  Furthermore, "$FDG-
PET/CT offers an elegant approach
for a simultaneous assessment of car-
diac involvement and tumor response
to therapy [33]. Cardiac iodine-123
meta-iodobenzylguanidine ('>*I-mIBG)
scintigraphy is a novel approach for
imaging dysregulated presynaptic nore-
pinephrine homeostasis as a prognostic
marker in heart failure. Early evidence
proposes increasing '»’I-mIBG washout
asamarker for myocardial compensation
to cardiotoxic injury from anthracycline
exposure [34]. Future studies are war-
ranted to assess the promising potential
of nuclear imaging in oncocardiology.

Excursus: oncocardiology
during COVID-19

The present coronavirus disease 2019
(COVID-19) pandemic requires an eval-
uation of the overall risk associated with
the two largest health burdens, cardio-
vascular disease and cancer. COVID-19
is caused by the severe acute respiratory
syndrome coronavirus 2 (SARS-CoV-
2), a positive-sense single-stranded RNA
virus, and induces a variety of symp-
toms ranging in severity through to acute
respiratory distress syndrome (ARDS).
Cancer and cancer therapy are important
risk contributors for immune deficiency
that may be aggravated by cardiovas-
cular risk factors and diseases known
to weaken the immune system, such
as diabetes mellitus, advanced age, and
heart failure. Patients with underly-
ing cardiovascular disease and cancer
are at an increased risk of life-threat-
ening complications from COVID-19
due to poor tolerance of a decreased
respiratory capacity, and they account
for a large proportion of COVID-19-
related deaths. Hence, oncocardiology
patients are considered as a particularly
vulnerable collective (B Fig. 2).
Angiotensin-converting enzyme 2
(ACE2) is a membrane-bound receptor
that plays a crucial role in cardiovascular
physiology and disease, and has been
identified as a functional receptor for
SARS-CoV-2 [35]. Through the use
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of spike proteins, the virus binds to
the ACE2 receptor and enters the cell.
The ACE2 receptor can be upregulated
in patients with cardiovascular disease,
particularly during ACE inhibitor ther-
apy. According to anecdotal evidence,
this mechanism can result in a systemic
viral vasculitis including the cardiac
vasculature with currently unknown
consequences [36]. It is under investiga-
tion whether this mechanism promotes
uptake of virus particles and whether
ACE inhibitor therapy affects the disease
phenotype [35].

Cardiac  involvement during a
COVID-19 infection predicts adverse
outcome; particularly myocardial injury
from COVID-19 with increased lev-
els of high-sensitivity cardiac troponin
can be seen in a significant proportion
of patients (>12% of the first 41 diag-
nosed patients from Wuhan; [35]) and
predisposes them to a severe course
of disease with the need for intensive
care treatment. It is furthermore ex-
pected that SARS-CoV-2 can cause viral
myocarditis analogous to the reports
on Middle East respiratory syndrome
(MERS) coronavirus infection [37].

Oncocardiology care is severely af-
fected by the current COVID-19 pan-
demic. Potential delays in antineoplastic
therapy or elective surgery, as well as
logistic restrictions for outpatient care,
challenge the best possible diagnostic
and therapeutic care in oncocardiology.
Determining whether certain medical
measures are elective or urgent may be
difficult in individual cases, particularly
when doctor-patient contact is restricted
due to measures of infection prevention
[38]. This can be aggravated by patients
misjudging life-threatening symptoms to
avoid a hospital visit in order to prevent
COVID-19 infection, as has already been
shown for acute myocardial infarction
and stroke [39].

The COVID-19 pandemic is an op-
portunity for the role of telemedicine
in oncocardiology [40]. By using dig-
ital health technology including virtual
patient visits and remote data monitor-
ing, telemedicine provides an opportu-
nity to maintain effective, patient-cen-
tered oncocardiology surveillance while
avoiding hospital visits. Particularly for
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routine follow-ups, telemedicine might
offer a valuable option during the time
of the pandemic and beyond [40].

Future requirements

The growing number of long-term cancer
survivors is a challenge, but also an op-
portunity for healthcare. Rapid progress
in the field of oncology research and drug
development leading to new substances
with improved efficacy but also new car-
diovascular side effects requires a high-
quality care. The ESC has outlined re-
quirements for oncocardiology in their
2016 Position Paper on cancer treatments
and cardiovascular toxicity, but standard-
ized oncocardiology guidelines are not
available so far [4]. With the establish-
ment of a consensus paper by the DKG,
a significant step toward constant, high-
quality oncocardiology care in Germany
has been taken.

Persisting deficits regarding recogni-
tion and knowledge of oncocardiology
in the medical community indicate that
training and educational programs are of
great importance [6]. Particular in the
field of oncocardiology, a profitable in-
terdisciplinary cooperation between car-
diologists and oncologists is mandatory
for satisfactory patient care.

Technology platforms, electronic con-
sultations, and services via mobile de-
vices can serve to improve follow-up of
oncocardiology patients, particularly in
the outpatient setting and for routine
oncocardiology check-ups. Embedding
knowledge from behavioral economics
with telemedicine can have a positive ef-
fect on medical care and improve healthy
behavior [41]. Easy accessibility to digital
healthcare services including oncocardi-
ology may serve as an innovative ap-
proach for better patient-centered care.
Significant technical and structural pre-
requisites must be addressed in order to
promote the great potential of telehealth
for oncocardiology [41].

Finally, future scientific efforts to char-
acterize cardiovascular disease in cancer
patients and its underlying pathomech-
anisms, as well as the best possible treat-
ment strategies, are an integral part of
successful oncocardiology care. This in-
cludes basic science research with ap-

propriate preclinical models, as well as
prospective clinical trials to provide evi-
dence for diagnostic and therapeutic ap-
proaches. In this context, the standard-
ized recording of cardiovascular side ef-
fects in phase I-III studies for new cancer
therapeutics is of utmost importance in
order to detect and characterize associ-
ated cardiovascular toxicity that requires
oncocardiology management.

Conclusion

Patients with cancer are at increased
risk of cardiovascular disease, which
contributes to significant morbidity and
mortality. Advances in the field of onco-
logical treatments have led to an ever-
growing number of long-term cancer
survivors, and care for cardiovascular
complications is thus becoming ever
more important. Moreover, the estab-
lishment of new oncological therapies
has resulted in the identification of pre-
viously unknown cardiovascular side
effects. Oncocardiology aims to detect
and treat cardiovascular diseases asso-
ciated with cancer and cancer therapy.
Continuous scientific, clinical, and struc-
tural developments are necessary as
the basis for the best care of affected
patients.
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