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ABSTRACT

The discipline of cardio-oncology has expanded at a remarkable pace. Recent developments and challenges to clinicians
who practice cardio-oncology were presented at the Global Cardio-Oncology Summit on October 3 to 4, 2019, in
S3do Paulo, Brazil. Here, we present the top 10 priorities for our field that were discussed at the meeting, and also detail
a potential path forward to address these challenges. Defining robust predictors of cardiotoxicity, clarifying the role of
cardioprotection, managing and preventing thromboembolism, improving hematopoietic stem cell transplant out-
comes, personalizing cardiac interventions, building the cardio-oncology community, detecting and treating cardio-
vascular events associated with immunotherapy, understanding tyrosine kinase inhibitor cardiotoxicity, and enhancing
survivorship care are all priorities for the field. The path forward requires a commitment to research, education, and
excellence in clinical care to improve our patients' lives. (J Am Coll Cardiol CardioOnc 2019;1:256-72) © 2019 The
Authors. Published by Elsevier on behalf of the American College of Cardiology Foundation. This is an open access
article under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).
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HIGHLIGHTS

e The discipline of cardio-oncology has
enjoyed extensive and complex develop-
ment at a breathtaking pace.

e Extensive ongoing clinical and basic
research continue to shape and formulate
the practice of cardio-oncology.

e The path forward for the field needs to be
centered on excellence in clinical care,
transformative research, and broad
education principles.

he development and expansion of cardio-

oncology as a discipline in providing care to

cancer patients has occurred at a remarkable
pace. From the initial beginnings as a concept (1) and
then officially as a dedicated society with the forma-
tion of the International Cardio-Oncology Society in
2009 (2), cardio-oncology continues to encompass a
very broad range of clinical topics. There are basic sci-
ence and clinical research principles describing dis-
ease mechanisms that ultimately explain the efficacy
of cancer therapy and also provide insights into clini-
cally evident cardiovascular (CV) toxicity. It also seems
apparent that an integrated, comprehensive care
model involving a multidisciplinary team of providers
is necessary to achieve the best outcome. In response
to this broad mandate, the Global Cardio-Oncology
Summit (GCOS) is an annual meeting in which scien-
tists, clinicians, and trainees from all over the world
come together tolearn the best practices and most cur-
rent research in the discipline of cardio-oncology. This
year, International Cardio-Oncology Society Brazil
hosted a meeting in Sao Paulo, with 587 participants,
the highest number of attendees to date. The makeup
of this engaged audience included 302 cardiologists;
99 oncologists; 101 nurses, physiotherapists, or phar-
macists; and 85 primarily researchers in the field. The
energy and enthusiasm at this meeting serves as a tes-
tament to the vibrancy of the discipline, particularly in
Brazil (Figures 1A, 1B, and 2).

This Proceedings document is intended to highlight
some of the most important clinical and research
priorities that were discussed in detail at the GCOS
Meeting but it is not all inclusive of what was pre-
sented (Supplemental Figure 1). The specific topics
and priorities highlight the current state of the field as
presented in each lecture and wherever possible the
strategies to purposefully advance the field are
detailed in this document. Cardio-oncology is still in
its early stages; the clinical and basic research data
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that inform our clinical practice decision-
making in many ways need to be developed.
It is the intended goal of this review sum-
marizing the events at GCOS 2019 to help
collectively identify key knowledge gaps that
need to be filled to advance our understand-
ing and improve the clinical care of our pa-
tients (Central Illustration). The following
priorities are discussed in the order of pre-
sentation at the international meeting.

DEFINING ROBUST PREDICTORS
OF CARDIOTOXICITY

Identifying patients at risk of CV toxicity
before initiation of cancer therapy and during
treatment, and in survivors, is an important
priority in cardio-oncology. This would inform
the consideration of alternate but similarly
efficacious cancer therapy, guide targeted
surveillance strategies, promote primary pre-
vention therapies, and guide the frequency

ABBREVIATIONS
AND ACRONYMS

CV = cardiovascular
CVD = cardiovascular disease

DOAC = direct oral
anticoagulant

GCOS = Global Cardio-
Oncology Summit

GLS = global longitudinal
strain

HCT = hematopoietic cell
transplantation

ICI = immune checkpoint
inhibitor
LVEF = left ventricular

ejection fraction

PD-1 = programmed cell death
1 or its ligand

PD-L1 = programmed cell
death ligand 1

TKI = tyrosine kinase inhibitor

VTE = venous
thromboembolism

and duration of follow-up after completion of
treatment.

Cancer survivors as a whole are at an elevated risk
of dying from CV disease (CVD) compared with the
general population (3). This risk is especially promi-
nent with Hodgkin and non-Hodgkin lymphomas;
leukemia, bladder, lung, testicular, and breast ma-
lignancies; and with childhood cancer survivors.
Traditional CV risk models such as the Framingham
risk score are perceived to be insufficient to identify
CV risk, given that they do not consider cancer pa-
tients, do not incorporate cancer therapy as a unique
contributor to the development of CVD, and do not
account for the competing risk of non-CV death (3,4).
Currently, risk prediction models for the develop-
ment of cardiomyopathy do exist in women with
HER2+ breast cancer; however, they are not used
clinically or have poor discrimination (5,6). A recently
published model allows prediction of 5- and 10-year
risk of overall CVD in women with breast cancer (7)
but still requires external validation and assessment
for the ability to specifically discriminate cardiotox-
icity risk. In the absence of robust models, clinicians
have predominantly relied on the identification of
traditional CV risk factors such as diabetes, hyper-
tension, and dyslipidemia, or the presence of prior
CVD (8). Unfortunately, this is far from precision
medicine.

There has also been an interest in cardiac imaging
strategies to predict the risk of cardiomyopathy
development. Pretreatment left ventricular ejection
fraction (LVEF) and myocardial strain (global
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longitudinal strain [GLS] and circumferential strain)
may identify patients at risk for subsequent cardio-
myopathy and major adverse CV events in the context
of anthracycline or trastuzumab therapy (9-11). How-
ever, as it relates to anthracyclines, monitoring LVEF
alone may not be adequate (12). The most widely
studied echocardiographic imaging marker of early
dysfunction is GLS. Although early changes in GLS in
the setting of anthracycline or trastuzumab use predict
the subsequent development of cardiotoxicity as
defined by a significant change in LVEF (13,14), pro-
spective studies are needed to determine specific
thresholds (15). It is also unclear whether car-
dioprotective interventions driven by GLS alter out-
comes in patients; this is currently the focus of the
ongoing SUCCOUR (Strain sUrveillance of Chemo-
therapy for improving Cardiovascular Outcomes) trial
(16). More recently, early diastolic dysfunction also
appears to identify patients at risk of cardiotoxicity
(17); however, itis unclear if this is superior to GLS. The
otherimportant idea that summarizes these data is the

FIGURE 2 Global Cardio-Oncology Summit 2019 Participants

All the attendees at Global Cardio-Oncology Summit 2019.

concept that a minor change in LVEF or GLS may be
detectable with serial testing, but whether this is a
clinically relevant finding that requires a specific ac-
tion, such as holding therapy or adding -car-
dioprotective medications, is an essential knowledge
gap we need to fill.

An alternate approach to risk prediction is to use
circulating biomarkers to identify early cardiac injury
(18). In patients receiving high-dose anthracycline
therapy, initial studies demonstrated repeated mea-
surements of troponin I identified patients at risk of
developing cardiotoxicity (19) and adverse CV events
(20). Initiation of angiotensin-converting enzyme in-
hibitors in those with elevated troponin prevented a
decline in left ventricular function (21). However, the
value of troponin measurements to predict car-
diotoxicity has not been uniformly demonstrated in
other studies (22,23). Another marker that has shown
promise in the setting of anthracycline and trastu-
zumab therapy is myeloperoxidase (10). Other clini-
cally relevant cardiac biomarkers, B-type natriuretic
peptide or N-terminal pro-B-type natriuretic peptide,
have been investigated and may be important ad-
juncts to assess for cardiotoxicity and useful tools to
assist in risk-stratifying patients. Although there have
been several studies than have shown associations
between early or persistent rise in natriuretic pep-
tides and cardiotoxicity (24-28), this has not been a
uniform finding (10,24).

An important new application of troponin is in the
identification of myocarditis secondary to immune
checkpoint inhibitor (ICI) therapy. An increase in
high-sensitivity troponin is described as the most
consistent finding in patients with suspected
myocarditis related to ICI associated myocarditis (29).
However, the value of routine troponin as a screening
tool appears to be limited even in this clinical
scenario (30).
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The priorities identified for the discipline of cardio-oncology from the Global Cardio-Oncology Summit 2019 meeting serve as a focus for our
collective efforts to advance the field. CV = cardiovascular; TKI = tyrosine kinase inhibitor.

Despite the previous data, there are currently
no comprehensive guidelines as to how to inte-
grate clinical information, imaging data, and
serum biomarkers to risk stratify patients before
and during cancer therapy. Although the recent
American Society of Clinical Oncology guidelines
suggest that it may be reasonable to use imaging
and blood biomarkers during cancer therapy to
screen for CV toxicity, specific markers, moni-
toring timelines, or the implications of abnormal
findings are not established at the present time.
This is certainly a knowledge gap that needs to be
filled (31).

CLARIFYING THE ROLE OF
CARDIOPROTECTION

Cardioprotective strategies to mitigate cancer treat-
ment related cardiotoxicity have largely focused on
breast cancer patients exposed to anthracyclines or
trastuzumab (Table 1). Three randomized control trials
(PRADA [Prevention of Cardiac Dysfunction during
Adjuvant Breast Cancer Therapyl, MANTICORE
[Multidisciplinary Approach to Novel Therapies in
Cardiology Oncology Research], and Guglin et al. [32])
in women with early-stage breast cancer receiving
anthracyclines or trastuzumab reported a statistically
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TABLE 1 Primary Car

Trial/First Author

diotoxicity Prevention Trials in Patients With Breast Cancer

(Ref. #) Sample Intervention Outcomes Benefit (Yes/No) Limitations Path Forward
PRADA (34) 130, all 1:1:1:1, metoprolol, Changes in LVEF by  Yes Lack of follow-up beyond PRADA Il (NCTO3760588):
anthracycline, candesartan, CMR at 10 to Absolute LVEF change: adjuvant therapy 300 patients with ESBC
22% trastuzumab metoprolol and 64 weeks 2.6% in placebo, period receiving anthracycline
candesartan, or 0.8% in candesartan  Statistical power for containing chemo
placebo (p = 0.026) subgroup analyses is randomized to Entresto
limited or placebo
MANTICORE 94, all trastuzumab,  1:1:1 bisoprolol, Changes in LVEDVI Yes Limited follow-up period  Future trials involving
(34) 12-33% perindopril, or by CMR at 1yr Small reduction in LVEF Patients younger and subgroups with higher
anthracycline placebo decline with fewer cardiovascular risk factors and that are
bisoprolol compared risk factors than most likely to benefit
with perindopril and average in clinical from primary
placebo (-1% vs. -3% practice prophylaxis therapies
vs. -5%; p = 0.001)
Guglin et al. 468, all trastuzumab, 1:1:1 carvedilol, LVEF >10% or LVEF  Yes Randomized to treatment Future trials comparing the
(32) 40% doxorubicin lisinopril, or decline >5% with >10% LVEF decline in groups post- efficacy of prevention
placebo absolute subset with prior anthracycline with lisinopril vs.

LVEF <50% anthracycline exposure carvedilol and assessing
exposure: 47% Centers measured LVEF optimum timing and
placebo, 31% by their preferred dosing of
carvedilol, 37% method cardioprotective
lisinopril (p = 0.009) (echocardiography, medications alone and

MUGA) in combination
Not powered to compare
efficacy of prevention
between lisinopril and
carvedilol
CECCY (35) 200, all doxorubicin  1:1 carvedilol or LVEF >10% decline  No Single center study Future randomized
placebo from baseline to  LVEF decline: 13.5% Dose of carvedilol was controlled trials of

6 months placebo,14.5% optimized during preventive beta-

carvedilol (p = 1.00) chemotherapeutic blockade in larger
treatment populations and in
Interobserver variability patients with higher risk
may influence of severe left ventricular
repeated LVEF dysfunction and heart
measurements failure
Boekhout 206, all epirubicin 1:1 candesartan or LVEF decline of No Small sample size Future trials exploring
et al. (36) with trastuzumab placebo >15% or a LVEF decline: 19% in Baseline LVEF values not relationships between

decrease below
the absolute
value of 45%

candesartan, 16% in
placebo (p = 0.58)

available in 35.9% of
patients

gene polymorphisms of
ERBB2 and
trastuzumab-related
cardiotoxic effects

CECCY = Carvedilol Effect in Preventing Chemotherapy-Induced Cardiotoxicity; CMR = cardiac magnetic resonance; ESBC = early stage breast cancer; LVEDI = left ventricular end-diastolic volume index;

LVEF = left ventricular ejection fraction; MANTICORE = Multidisciplinary Approach to Novel Therapies in Cardiology Oncology Research; MUGA = multigated acquisition scan; PRADA = Prevention of Cardiac

Dysfunction during Adjuvant Breast Cancer Therapy.

significant benefit, measured as an attenuation in
LVEF decline, with the addition of cardioprotective
medications (candesartan, bisoprolol, carvedilol, lisi-
nopril) (32-34), while 2 other randomized control trials
failed to demonstrate a benefit with these medications
(35,36). Notably, in the Guglin et al. (32) study, the
benefit was only observed in the patient subgroup
receiving both anthracyclines and trastuzumab.

The interpretation of these trials is limited due to
heterogeneity in the study populations with vari-
ability in anthracycline and trastuzumab exposure,
different definitions of cardiotoxicity, and variable
clinical endpoints (33,35). Furthermore, the women
included in these studies were younger and with few
baseline CV risk factors or comorbidities, and the
follow-up was relatively short. In addition, the

clinical significance of the modest LVEF changes re-
ported in these studies is uncertain (32,34,36).

A recent meta-analysis of 17 studies (14 in breast
cancer) of cardioprotective strategies in adult patients
that underwent chemotherapy and neurohormonal
blockade (beta-blockers, mineralocorticoid receptor
antagonists, or angiotensin-converting enzyme in-
hibitors or angiotensin receptor blockers) demon-
strated that with these therapies, there was a 3.96%
(95% confidence interval: 2.90% to 5.02%) smaller
decline in LVEF as compared with placebo, but with
significant heterogeneity observed in treatment ef-
fects across studies, highlighting the need for larger
trials of cardioprotective strategies (37).

WHERE DO WE GO FROM HERE? Future studies
assessing cardioprotective strategies should include
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and stratify patients based on risk of cardiotoxicity
(e.g., =60 years of age, higher anthracycline exposure,
high-dose radiotherapy, cardiac comorbidities) as per
the American Society of Clinical Oncology guidelines
(31) and ascertain clinically meaningful endpoints,
such as heart failure, CV mortality, and ability to
complete anticancer treatment. Clinical trials that
include an assessment of the attenuation of LVEF
declines should use standardized definitions of car-
diotoxicity (e.g., American Society of Echocardiogra-
phy and European Association of Cardiovascular
Imaging Expert Consensus) (14).

There are a number of ongoing randomized clinical
trials exploring novel cardioprotective strategies
including the use of statins, optimization of radiation
therapy (proton vs. photon), diet, exercise, and life-
style interventions. These include the PREVENT
(Preventing Anthracycline Cardiovascular Toxicity
With Statins) trial (NCT01988571), comparing statin
therapy versus placebo in anthracycline-treated pa-
tients; the SUCCOUR trial (ACTRN12614000341628);
the NIH-funded TACTIC trial (NCT03879629); the
PRADA 1I trial (NCT03760588), comparing sacubitril/
valsartan versus placebo in breast cancer patients
receiving anthracyclines; the PROACT (Preventing
Cardiac Damage in Patients Treated for Breast Cancer:
a Phase 3 Randomised, Open Label, Blinded
Endpoint, Superiority Trial of Enalapril to Prevent
Anthracycline-induced CardioToxicity) trial
(NCT03265574); and the Cardiac CARE (The Cardiac
CARE Trial-can heart muscle injury related to
chemotherapy be prevented?) trial (ISRCTN2443946
0). Nevertheless, simply defining the role of phar-
macologic cardioprotective strategies in this patient
population (38) is unlikely to be sufficient. Protecting
patients from the adverse CV consequences of cancer
therapy will likely require a multipronged approach,
including pharmacologic therapy, optimization of
diet, physical activity, CV risk factors and comorbid
conditions (e.g., diabetes). This strategy is supported
by the recent American Heart Association Scientific
Statement on Cardio-Oncology Rehabilitation to
manage CV outcomes in cancer patients and survivors
(39). The optimization of cardioprotective strategies,
particularly in high risk populations, should ulti-
mately lead to the prevention or attenuation of cancer
therapy related CV toxicity.

MANAGING AND PREVENTING
THROMBOEMBOLIC EVENTS IN
PATIENTS WITH CANCER

Cancer associated thrombotic events, both arterial
and venous, are increasingly recognized in specific
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malignancies and in association with cancer thera-
pies. Patients with cancer have 4- to 7-fold greater
risk of venous thromboembolism (VTE), including
deep vein thrombosis and pulmonary embolism,
when compared with noncancer populations, and the
risk of VTE recurrence is as high as 15% per year
(40,41). Patients with active malignancy, particularly
those with advanced disease or cancer types such as
lung, colorectal, and gastric cancer, also face a high
short-term risk of arterial thromboembolism (42).
Risk factors for arterial and venous thrombosis
partially overlap. Many risk factors, such as age,
smoking, hypertension, and diabetes, are common to
both venous and arterial thrombi (43,44).

The Khorana Risk Score utilizes the type of cancer,
blood counts, and body mass index to predict risk of
VTE in cancer patients. Recent randomized clinical
trials have provided data for the prophylactic man-
agement of anticoagulation for VTE in high-risk
ambulatory cancer patients with Khorana Risk
Score =2 (Table 2), including the CASSINI (Rivarox-
aban for Thromboprophylaxis in High-Risk Ambula-
tory Patients with Cancer) (45) and AVERT (Apixaban
to Prevent Venous Thromboembolism in Patients
with Cancer) (46) randomized clinical trials. These
studies suggest that direct oral anticoagulants
(DOACs) could be used in the high-risk setting, and
the American Society of Clinical Oncology clinical
practice guidelines have been updated in 2019 to
reflect these findings (47). Although routine phar-
macologic thromboprophylaxis is not offered to all
cancer patients, those who have a Khorana Risk
Score =2 before starting a new systemic chemo-
therapy regimen may be considered for thrombopro-
phylaxis with apixaban, rivaroxaban, or low-
molecular-weight heparin, provided that there are
no significant risk factors for bleeding and no drug-
drug interactions with concomitant systemic anti-
cancer therapy is anticipated (47). Recent randomized
trials have provided additional evidence to support
the noninferiority of DOACs compared with low-
molecular-weight heparin for the treatment of VTE,
including the HOKUSAI VTE (Edoxaban versus
Warfarin for the Treatment of Symptomatic Venous
Thromboembolism) (48), SELECT-D (Comparison of
an Oral Factor Xa Inhibitor With Low Molecular
Weight Heparin in Patients With Cancer With
Venous Thromboembolism: Results of a Randomized
Trial) (49), and ADAM-VTE (Apixaban and Dalte-
parin in Active Malignancy Associated Venous
Thromboembolism Trial) (50) trials. Additional con-
siderations need to be taken into account when
choosing the proper anticoagulant therapy in cancer
patients, including alterations in DOAC metabolism,
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TABLE 2 Recent Tria

Study

Is Involving Novel Therapies for Anticoagulation

Population Comparators

Primary Efficacy Endpoint

Primary Safety
Endpoint

Primary prevention

CASSINI trial: double-

blind RCT (45)

AVERT trial: double-blind

RCT (46)

Treatment of VTE

HOKUSAI VTE: open-
label, noninferiority
(48)

SELECT-D: open-label

trial (49)

ADAM-VTE trial (50)

841 high-risk ambulatory
cancer patients

Rivaroxaban 10 mg vs. placebo
for 6 months

574 high-risk ambulatory
cancer patients

Apixaban 2.5 mg twice daily
vs. placebo
For 6 months

1,050 cancer patients with
acute symptomatic or
incidental VTE

406 patients with active
cancer and symptomatic
PE or DVT

300 patients with cancer-
associated VTE

LMWH 5 days + edoxaban 60 mg
vs. dalteparin
Treated for 6 months

Rivaroxaban vs. dalteparin
Treated for 6 months

Apixaban 10 mg twice daily for
7 days then 5 mg twice daily
vs. dalteparin

DVT or PE or VTE-related death
HR: 0.66, 95% Cl: 0.40-1.09

Objectively documented VTE
4.2% vs. 10.2%;
HR: 0.41, 95% Cl: 0.26-0.65

Recurrent VTE or major bleeding
12.8% vs. 13.5%
HR: 0.97, 95% Cl: 0.70-1.36

VTE recurrence rate
4% vs. 1%
HR: 0.43, 95% Cl: 0.19-0.99

Major bleeding
1.0% vs. 2.0%
HR: 1.96, 95% Cl: 0.59-6.49

Major bleeding
3.5% vs. 1.8%
HR: 2.00, 95% Cl: 1.01-3.95

Major bleeding
6.9% vs. 4.0%,
HR:1.77,95% CI: 1.03 to 3.04

Major bleeding
6% vs. 4%
HR: 1.83, 95% Cl: 0.68-4.96

VTE recurrence rate
0.7% vs. 6.3%
HR: 0.099, 95% Cl: 0.013-0.78

Major bleeding
0% vs. 1.4%

ADAM-VTE =

Apixaban and Dalteparin in Active Malignancy Associated Venous Thromboembolism Trial; AVERT = Apixaban to Prevent Venous Thromboembolism in Patients with Cancer;
CASSINI = Rivaroxaban for Thromboprophylaxis in High-Risk Ambulatory Patients with Cancer; Cl = confidence interval; DVT = deep vein thrombosis; HOKUSAI VTE = Edoxaban versus Warfarin for the
Treatment of Symptomatic Venous Thromboembolism; HR = hazard ratio; LMWH = low-molecular-weight heparin; PE = pulmonary embolism; RCT = randomized clinical trial; SELECT-D = Anticoagulation
Therapy in Selected Cancer Patients at Risk of Recurrence of Venous Thromboembolism; VTE = venous thromboembolism.

drug-drug interactions, renal and

thrombocytopenia.

impairment,

Although recent data have shed some insight on
the safety and effectiveness of DOACs in cancer pa-
tients both as primary prophylaxis and as treatment
of VTE, several areas need future investigation.
Among them is the optimal anticoagulant manage-
ment of patients with cancer who are admitted for
minor procedures or short chemotherapy infusion, as
well as the optimal duration of post-operative anti-
coagulation in patients with cancer.

As it relates to arterial thromboembolism man-
agement, there are no guidelines specific to patients
with cancer. In recent clinical trials such as the DAPT
(Dual Antiplatelet Therapy) trial and the LEADERS
FREE (Polymer-free Drug-Coated Coronary Stents in
Patients at High Bleeding Risk) trial, 10% to 12% of
patients undergoing percutaneous coronary inter-
vention had a history of cancer (51-53). For cancer
patients, the Society of Cardiovascular Angiography
and Interventions (54) advocates for the use of radial
access or a small needle kit femoral access, careful
review of the appropriate use criteria for the need of
percutaneous coronary intervention, liberal use of
fractional flow reserve in indeterminate cases, and
intravascular ultrasound-guided percutaneous coro-
nary intervention. Cancer patients also have a higher
risk of stent thrombosis, as malignancy is a potent
predictor of late stent thrombosis (55). The other
frequent concern in cancer is thrombocytopenia. A
platelet cutoff of >50,000/pul for coronary artery
bypass grafting, >30,000/ul for dual antiplatelet

therapy, and >10,000/ul for aspirin is advised by the
Society of Cardiovascular Angiography and In-
terventions. Certainly, shaping recommendations for
dual antiplatelet therapy, the role of percutaneous
coronary intervention, and clarifying the bleeding
risk in the cancer population is of critical importance.

IMPROVING CV OUTCOMES IN
STEM CELL TRANSPLANTATION

There are currently 200,000 hematopoietic cell
transplantation (HCT) survivors in the United States
today, a number that will exceed 500,000 by 2030.
HCT survivors continue to have substantially higher
mortality rates compared with the general population
(56-58). In particular, the risk of CV-related mortality
is more than twice that of the general population
(57-59), and the magnitude of risk increases with time
(59). However, examining CVD-associated mortality
alone underestimates the true burden of CVD mor-
bidities after HCT. HCT survivors have a 4-fold higher
risk of developing CVD compared with the general
population (60). Among HCT survivors, the median
age at first CV event such as myocardial infarction is
~15 years earlier than would be expected in the
general population (61). The markedly increased risk
of CVD, coupled with the development of complica-
tions earlier than would be expected in the general
population, suggests the presence of an accelerated
CV aging phenotype in HCT survivors.

Biologic aging involves multiple complex changes
in structure and function that lead to decreased
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reserve capacity across virtually all organ systems,
with increased vulnerability to age-related diseases
(62). Similarly, we can envision CVD in HCT patients
as being induced by pathologic perturbations that
over time resulting in a decline in CV reserve and
accelerated aging (62,63). To understand the patho-
physiology of accelerated CV aging in HCT patients, it
is important to deconstruct the organ-specific injuries
that occur before, during and after HCT, ultimately
contributing to depletion of CV reserves over time.

CARDIAC. It is well-established that cancer treat-
ments (e.g., anthracycline chemotherapy, radiation)
can lead to alterations in the heart and vasculature
(61). For HCT survivors treated with anthracyclines
before HCT, additional exposures such as high-dose
cyclophosphamide during conditioning may further
compromise cardiomyocyte structure and function
(61). Studies have shown that cumulative anthracy-
cline dose =250 mg/m? is associated with a 10-fold
risk of heart failure in HCT survivors (odds ratio:
9.9; p < 0.01) (61,64), a dose threshold that is mark-
edly lower than conventionally recognized cutoffs
(350 to 450 mg/m?) in non-HCT cancer populations
(65). Radiation can cause direct myocardial injury, or
result in endothelial cell proliferation and athero-
sclerosis (66). Among allogeneic HCT patients, graft-
versus-host disease can lead to additional microvas-
cular disease, because of endothelial infiltration of
alloreactive cytotoxic T lymphocytes (67), suggesting
an immunological mechanism for accelerated arterial
disease (67).

PULMONARY. Pulmonary disease in these patients can
further contribute to decreased exercise intolerance
and deconditioning. Nearly one-half of all patients
undergoing allogeneic HCT will develop acute pul-
monary toxicity, and pulmonary complications ac-
count for up to 40% of transplant-related deaths
within the first year after HCT (68,69). Pulmonary
complications can be due to injuries sustained during
HCT or noninfectious complications that develop after
HCT (69). In a recently study, there was a high preva-
lence (35%) of previously undiagnosed diffusion ca-
pacity defects in very long-term HCT survivors,
corresponding to a >5-fold risk compared with age-
matched noncancer controls (odds ratio: 5.2; p <
0.01) (70).

MUSCULOSKELETAL. Chronic corticosteroid expo-
sure, traumatic brain injury, prolonged inactivity, or
poor nutritional status can lead to abnormal body
composition that manifests as an increase in total
percent fat mass and sarcopenia (71). Studies have
shown that pre-HCT sarcopenia is associated with 2-
fold risk of CVD-related and nonrelapse mortality in
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HCT survivors (72). Moreover, patients who survive
HCT often do not adhere to national exercise recom-
mendations, and have significant declines in physical
activity levels from pre- to post-HCT (73). Patients
with graft-versus-host disease are more likely to
demonstrate physical inactivity due to the dispro-
portionate muscle atrophy.

HEMATOLOGIC. Persistent post-HCT abnormalities
such as myelodysplastic syndrome, myelofibrosis, or
bone marrow failure (69), although rare, may further
contribute to decline in CV reserve over time.

Traditional CV risk factors such as hypertension,
diabetes, and dyslipidemia are important modifiers of
CVD risk in the general population (74). Studies have
shown that 32% of HCT survivors have multiple (=2)
CV risk factors, compared with only 21% in the gen-
eral population (61,75), and that each risk factor
confers an incremental risk of CVD over time. CVD
incidence is highest (15%) among HCT survivors with
multiple risk factors who have also been exposed to
cardiotoxic therapies. Other health conditions such as
thyroid dysfunction, chronic kidney disease, and
gonadal dysfunction are established CVD risk factors
in the general population (74), and are highly preva-
lent in HCT survivors (76).

Ultimately, CV reserve capacity is determined by
the integrative capacity of multiple organ systems
and is impacted by modifiable comorbidities that
emerge with age. Primary prevention is the most
effective strategy to reduce long-term CVD risk, but
effective interventions are lacking, or have not been
evaluated in a rigorous prospective manner. There is
an important need for such studies. In the meantime,
management of modifiable risk factors can reduce
long-term CVD risk in HCT survivors. These efforts
will require ongoing collaboration among hematolo-
gists or oncologists, cardiologists, primary care pro-
viders, and advanced care practitioners.

PERSONALIZING
CARDIOVASCULAR INTERVENTIONS

With improved oncologic outcomes along with an
aging population, ischemic heart disease and
valvular heart disease are increasingly significant CV
issues facing cancer patients and survivors (77,78).
Nevertheless, there are few studies evaluating the
procedural management of these diseases in cancer
patients, and a collaborative and nuanced approach
is needed to achieve optimal outcomes. Assessment
and optimization of CV risk factors in cancer patients
at risk for adverse CV events are essential, especially
if they have known CV risk factors or underlying
CVD.
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Multiple cancer therapeutics are associated with
accelerated coronary artery disease, leading to
ischemic heart disease including tyrosine kinase in-
hibitors (TKIs) used to treat chronic myeloid leukemia
such as nilotinib and ponatinib (79,80). In addition,
multiple agents are associated with worsening meta-
bolic and lipid abnormalities, which can lead to
ischemic events, including aromatase inhibitors and
androgen deprivation therapies (81,82). The associa-
tion with long-term coronary disease after chest ra-
diation is well established (83,84). Nevertheless, the
pathophysiology leading to these events is still being
elucidated. In addition, shared risk factors for both
cancer and CVD are increasingly recognized (77). Ge-
netic abnormalities, including clonal hematopoiesis
of indeterminate potential, may also play a role in
the development of these disease states. Somatic
mutations in blood and bone marrow cells are asso-
ciated with both an increased risk of both hemato-
logic malignancies and atherosclerotic vascular
disease (85). This is a likely to be important target for
future interventions for both cancer and heart
disease.

Approximately 5% of all acute coronary syndromes
occur in patients with cancer and management of
these events can be quite challenging, often with
outcomes inferior to the general population (86). For
example, 2 recent studies using the National Inpa-
tient Sample and evaluating percutaneous in-
terventions in patients with leukemia or lymphoma
reported increased post-procedural adverse events
(87,88). Various reasons include increased bleeding
complications as well as an elevated incidence of
concomitant left ventricular dysfunction, either
stress-mediated or from chemotherapy. Moreover,
atherosclerotic lesions because of radiation are often
complex and challenging, and occur at ostial and
proximal locations of epicardial vessels (89). Never-
theless, interventions can be performed safely and
effectively in cancer patients, even when platelets are
as low as 30,000/ul (54). As the number of patients
with active cancer and associated acute coronary
syndromes is expected to increase, research priorities
need to focus on informing the optimal treatment
strategies to minimize risk and maximize benefit and
enhancing our understanding of the molecular
mechanism of coronary disease in this unique
population.

BUILDING THE COMMUNITY

Cardio-oncology emphasizes balancing cardiac risk
with oncology treatments. The cardio-oncology team
requires collaboration from both oncology and
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hematology specialists and cardiologists, with an
emphasis on continuing the most appropriate cancer
therapy while optimizing heart health. Additionally,
for many cancer survivors, there is continued need to
incorporate CV risk reduction with the management
of hypertension, hypercholesterolemia, and diabetes
(90,91).

Training clinicians within cardio-oncology remains
vital. In a recent survey of the Accreditation Council
for Graduate Medical Education-accredited cardiology
fellowships, 51% of institutions had a dedicated
cardio-oncology service, up from 27% in 2014.
Although U.S.-based fellowships with a dedicated
cardio-oncology program exist, these are predomi-
nantly in the Northeast and West Coast, suggesting
disparities in research and clinical training. To
enhance and grow the cardio-oncology community,
there needs to be an emphasis on education and
training. Internationally, cardio-oncology services
and fellowships have grown, with established pro-
grams throughout South America, Europe, and Asia.
These efforts have begun with dedicated cardio-
oncology fellowships, guidelines on cardio-oncology
training (92), and support from the American College
of Cardiology, European Society of Cardiology, Euro-
pean Society of Medical Oncology, and the American
Society of Clinical Oncology (31). Further development
of a board certification in cardio-oncology may also
enhance and delineate expertise within this field.

Building the cardio-oncology community requires
a joint effort among cardiology and oncology, with
an emphasis on enhancing the research as well as
improving patient care. Continued research on stra-
tegies to personalize care in cardio-oncology, as well
as growing the cardio-oncology workforce will rein-
force the management of CV disease in the rapidly
growing cancer survivor community.

DETECTING AND TREATING
ADVERSE CV EVENTS
ASSOCIATED WITH IMMUNOTHERAPY

ICIs represent a paradigm shift in cancer care,
leveraging the immune system to identify and target
cancer cells. These immune checkpoints, such as
cytotoxic T-lymphocyte antigen 4 and programmed
cell death 1 (PD-1) or its ligand, programmed cell
death ligand 1 (PD-L1), are proteins on the surface of
regulatory T cells that have a key role in regulating
the immune system (93).

In 2015, ICIs were approved for 9 cancer in-
dications. By 2019, ICIs were approved for 29 cancer
indications and, at present, there are 2,000 ICIs in
various cancer stages in over 3,000 active clinical
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Potential CV Events
Related to a Checkpoint

TABLE 3 CV Events Associated With ICIs and Potential Management Strategies

Potential Initial Approach

Potential Additional Therapies
if Stable and not Responding to

Potential Additional

cardiomyopathy echocardiography, troponin,

natriuretic peptides
e Invasive: Coronary angiogram
and biopsy

pies such as neurohormonal
blockade if reduced LVEF.

cardiac resynchronization
if within goals of care

Inhibitor Methods for Diagnosis to Treatment Initial Approach Therapies if Unstable
Myocarditis e Noninvasive: CMR, e Methylprednisone 1 g/day for e Mycophenylate Antithymocyte
troponin, ECG 3-5 days followed by 1.5 mg/kg 500-750 mg twice daily globulin
e Invasive: Biopsy and prednisone with out-patient e Plasmapheresis Abatacept
pathology taper guided by serial troponin o IVIG Alemtuzumab
measures Standard circulatory
e Standard heart failure thera- support to include
pies such as neurohormonal temporary mechanical
blockade if reduced LVEF support if needed
Pericarditis e Noninvasive: e Prednisone 1.5 mg/kg/day Methylprednisone 1 g/day for Pericardial drainage if a
Echocardiography with outpatient taper over 3.5 days hemodynamically
e Invasive: Fluid analysis approximately 2 months e Mycophenylate important effusion
500-750 mg twice daily exists
Takutsubo e Noninvasive: e Standard heart failure thera- e Mycophenylate Standard circulatory
cardiomyopathy Echocardiography; pies such as neurohormonal 500-750 mg twice daily support
CMR blockade if reduced LVEF.
e Invasive: Coronary angiogram e Consider methylprednisone,
and ventriculogram 1 g/day, 3-5 days followed by
oral prednisone with a taper
over 4-6 weeks.
Dilated e Noninvasive: CMR, e Standard heart failure thera- e Guideline-directed

e Guideline-directed
implantable defibrillators
if within goals of care

This table details the cardiovascular (CV) toxicities associated with immune checkpoint inhibitor (ICls) and potential management strategies. Many of the management strategies listed for toxicities other than
myocarditis are extrapolated from the myocarditis literature or based on small case series or reports.
CMR = cardiac magnetic resonance; ECG = electrocardiogram; IVIG = intravenous immune globulin; LVEF = left ventricular ejection fraction; VTE = venous thromboembolism.

trials (94). The use of ICIs will expand from late stage
disease to adjuvant and neoadjuvant use in patients
with a longer anticipated survival (95). Immune-
related adverse events are generally low grade and
manageable, especially if recognized early.

Myocarditis from ICIs is uncommon, but is a
potentially fatal immune-mediated adverse event.
The first specific report of myocarditis during treat-
ment with a PD-1/PD-L1 inhibitor occurred in 2014
(96). Since then, numerous cases of ICI-associated
myocarditis with PD-1/PD-L1 inhibitor therapy have
been published (97,98). Beyond myocarditis, addi-
tional complications have been reported (Table 3).

The incidence of myocarditis has been reported to
be 0.09% to ~1% (29,97). However, the true incidence
of ICI-associated myocarditis may be underestimated
due to the wide range of clinical presentations, chal-
lenges in diagnosis, and a general lack of awareness of
this condition. Myocarditis presentation, typically
within the first 3 months of therapy initiation, can
vary from an asymptomatic increase in serum
troponin to sudden cardiac death (29). Data have
consistently shown that the outcomes with myocar-
ditis are poor with a mortality rate that varies from
25% to 50% (99,100).

There are limited data on the utility of cardiac
testing when there is a clinical suspicion for

myocarditis. Currently, many perform an electrocar-
diogram and troponin measurement before ICI. How-
ever, the absence of either being abnormal does not
exclude the diagnosis. Echocardiography is a standard
initial imaging test, although the LVEF can also be
normal in over 50% of cases (29). There are no pub-
lished data on the use of GLS in the assessment of ICI
myocarditis. Cardiac magnetic resonance is the gold-
standard imaging test for the assessment of myocar-
ditis; however, in a published series of 30 cases, late
gadolinium enhancement was noted in only 23% and
myocardial edema in 33% (99). Biopsy with use of the
Dallas criteria is the gold-standard diagnostic test, but
isinvasive and associated withrisk and sampling error.
The consistent pathological finding is the presence of a
lymphocyte-predominant T cell-rich infiltrate that is
CD4 and CD8 positive (101).

The current first line management of myocarditis
with ICIs is cessation of therapy and administration of
corticosteroids (102) (Table 3), as specified in a number
of expert consensus and best practice guidance state-
ments (102-104). However, it is important to note that
there have been no studies specifically comparing
treatment strategies for ICI-associated myocarditis,
particularly to guide the dose and time of initiation of
corticosteroids. These studies are clearly needed.
Alternative immunosuppressive approaches for the
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TABLE 4 Small Molecule Tyrosine Kinase Inhibitors and CV Considerations

Proposed Mechanism of Cardi ular Treatment
Class/Target Specific Agents Cancer Control Mechani Cardi ular Toxicities Cardiotoxicity Considerations Ref. #
ALK inhibitors  Alectinib; crizotinib Inhibition of ALK activity ~ Bradycardia; QT Decrease Is (pacemaker Avoid nodal blocking (120,121)
leading to decreased prolongation current) in sinoatrial agents
cell proliferation and nodal cells
angiogenesis
BCR-ABL Imatinib; nilotinib, Target BCR-ABL fusion Ischemic vascular disease; Accelerated Statins; (80,110,111)
dasatinib, bosutinib; protein, c-Kit, and hypertension; atherosclerosis; antihyperglycemics
ponatinib platelet-derived hyperlipidemia; endothelial
growth factor hyperglycemia; dysfunction;
receptors QT prolongation; thrombotic
pulmonary microangiopathy
hypertension; pleural
effusion; pericardial
effusion
BTK inhibitor Acalabrutinib; ibrutinib  Inhibition of the BTK Atrial fibrillation; PI3K-Akt pathway, atrial  Avoid drugs that interact  (112,113,115,116)
pathway ventricular fibrosis, dysregulated with the CYP 3A4

BRAF inhibitor

MEK inhibitor

VEGF inhibitor

Dabrafenib;

Binimetinib;

Axitinib; cabozantanib;

arrhythmias;
hypertension

Selective inhibition of
B-raf which blocks
cellular proliferation

QT Prolongation
vemurafenib

Allosteric inhibition of
MEK affecting the
MAPK pathway

Hypertension; heart
failure/left ventricular
dysfunction;

QT prolongation

Hypertension;
left ventricular
dysfunction;

QT prolongation

combimetinib;
trametinib

Inhibits vascular
endothelial growth
factor receptors

lenvatinib;
pazopanib;
regorafenib;
sorafenib; sunitinib;
vandetanib

calcium handling system (i.e.,

dihydropyridine
calcium-channel
blockers) and p-

glycoprotein (i.e.,

dabigatran)
N/A N/A (122)
Inhibition of ERK1/2 N/A (123,124)
activation in the heart
Decreased nitric oxide ACE inhibitors/ (125)

bioavailability;
microvascular
rarefaction; increased
endothelin-1

angiotensin receptor
blockers;
dihydropyridine
calcium-channel
blockers for
hypertension

ACE = angiotensin-converting enzyme; ALK = anaplastic lymphoma kinase; MAPK = mitogen-activated protein kinase; VEGF = vascular endothelial growth factor.

management of ICI-associated myocarditis have
included the use of mycophenolate, monoclonal
antibodies to CD52, plasma exchange, cytotoxic T-
lymphocyte-associated antigen 4 agonists, antithy-
mocyte globulin, and infliximab (105). However, the
support for these approaches is limited to case reports
and associated publication bias. Similarly, manage-
ment of other cardiovascular complicationsis based on
extrapolation of the myocarditis literature, or other
case series and reports (Table 3).

It is reasonable to hypothesize, given the key role
that the immune system plays in CVD, that the pre-
sentations of ICI cardiac toxicity may extend beyond
these current definitions. Specifically, each of these
checkpoints has been implicated in the development
of atherosclerosis and basic data suggest that
blockade of these critical regulators leads to acceler-
ated atherosclerosis (106). There are no clinical data
on the role of ICIs in the development of atheroscle-
rosis, and in contrast to the hypothesis and the basic
science data, initial imaging data suggest that ICIs
may reduce atherosclerosis (107).

In summary, ICIs hold tremendous promise for
extending the lives of patients with cancer. As ICI use
expands, it is critical to undertake efforts to under-
stand and mitigate the risks of these uncommon but
life-threatening cardiac toxicities.

UNDERSTANDING MULTI-TARGETED
TKI CARDIOTOXICITY

Over the last decade, there has been a paradigm
shift in the approach to cancer therapy, moving
away from nonspecific cytotoxic chemotherapy to
treatments that target abnormal intracellular
signaling pathways which are fundamental to the
development and progression of cancer. Many of
these abnormalities are due to mutated or overex-
pressed protein kinases that regulate the cell cycle
leading to uninhibited growth and metastasis. TKIs
are a class of therapeutics that target these
abnormal proteins (108), for which we are only
beginning to recognize the vast array of possible CV
toxicities (Table 4).
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Many of the cardiotoxicities observed with TKIs are
related to the on-target inhibition of the multiple
tyrosine kinase receptors these agents affect,
including downstream, off-target effects. Inhibitors of
the vascular endothelial growth factor signaling
pathway prevent angiogenesis, however blocking this
pathway also decreases nitric oxide bioavailability
leading to vasoconstriction and hypertension. TKIs
developed to treat chronic myeloid leukemia are
associated with vascular toxicities ranging from
myocardial infarction and stroke to systemic and pul-
monary hypertension, potentially from effects unre-
lated BCR-ABL (79,109). Although we have increased
our recognition of these problems, we still lack a
comprehensive understanding of the mechanism of
these toxicities. Nilotinib-induced vascular events
may be related to accelerated atherosclerosis and
vascular endothelial dysfunction (110), whereas
ponatinib-associated events may be due to thrombotic
microangiopathy (111).

Ibrutinib, a unique kinase inhibitor that target the
Bruton’s tyrosine kinase is associated with increased
rates of arrhythmias, especially atrial fibrillation, with
a reported incidence of 10% to 15% (112,113). Given
frequent drug-drug interactions as well the effects of
ibrutinib on the platelet collagen receptor glycopro-
tein VI pathway leading to enhanced bleeding com-
plications, the ability to effectively treat ibrutinib
atrial fibrillation can also be quite challenging
(114,115). A more thorough understanding of these
molecular mechanisms will likely improve the man-
agement options. There is also an increased risk of
ventricular arrhythmias and sudden cardiac death,
unrelated to QT prolongation (116,117).

Developing strategies to mitigate cardiotoxicity is
essential particularly with TKIs, as many of these
are chronic oral therapies that are given for months
to years if treatment response is maintained. Un-
fortunately, cardiotoxicities ranging from QT pro-
longation to hypertension and left ventricular
dysfunction can be reasons for treatment interrup-
tion or discontinuation. Although current recom-
mendations focus on general CV risk factor
modification, these are based primarily on expert
opinion rather than on data (80). Prospective clinical
studies with a CV focus will be the fundamental
mechanism for improving CV care offered to pa-
tients treated with TKIs and advancing the field of
cardio-oncology.

ENHANCING SURVIVORSHIP CARE

With remarkable progress in cancer diagnosis and
therapy, there are growing numbers of adult cancer
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TABLE 5 Roadmap to Building a Survivorship Clinic

1. Identify your position in the community - Are you a community
hospital or an academic medical center, and is there a
comprehensive cancer center?

2. Understand the cancer survivor population in your catchment
area - Will you be encountering disease specific adult survivors
or young adult/adolescent and adult survivors of pediatric
cancer?

3. Describe the current practice landscape - Is anyone providing
survivorship care and what are their gaps that you can
collaboratively provide for more complex or coordinated
care?

4. Design a model that is feasible with the personnel, space and
financial resources that you have - What gaps need to be filled
to begin a program and what other institutional support, such
as oncology and other multidisciplinary medical specialists,
exists?

5. Decide whether to start with long term cancer survivors or an
immediate transition from cancer treatment - Do you want to
start with the care of patients who are immediately
transitioning from care completion or at a later stage from
treatment completion?

Five key questions to guide the development of a survivorship clinic.

survivors, with >16 million current survivors in the
United States currently and >26 million projected by
2040. The late effects of treatment involve not only the
heart, but also multiple organ systems and the
sequelae of the psychological stress associated with
cancer. Among the major challenges for the survivor-
ship population is access to comprehensive and
personalized care delivery by providers adept and
knowledgeable about the late effects of cancer
therapies.

Althoughinterrelated, building a survivorship clinic
is both philosophically and fundamentally different
than starting a cardio-oncology clinic. Specific issues
include the scope of disease, scope of care, personnel,
and the choice of care models (Table 5). In 2006, the
Institute of Medicine presented the following 6 con-
cepts that drive the care for cancer survivors,
including: 1) surveillance for recurrence; 2) screening
for new cancers; 3) identification or interventions of
consequences of cancer and its treatment; 4) providing
emotional support; 5) health promotion strategies; and
6) coordination between all of the involved caregivers-
oncologists, primary care physicians, and a wide
spectrum of specialists. Moreover, because all survi-
vors may not have access to even a basic survivorship
program, there is an emerging interest in web-based
self- management care delivery, with several reliable
and proven programs.

Unfortunately, various barriers exist that prevent
the widespread implementation of survivorship care,
including the lack of dedicated and trained pro-
viders. Given the limited workforce, the use of
nurses, nurse practitioners or physician assistants
as the primary care providers in collaboration with a
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FIGURE 3 Paradigm for Advancing the Field of
Cardio-Oncology

Our Mission:
To Improve the Lives of Cancer Patients and Survivors

)

g

What are our goals? What are our strategies?

Research

Improve
Our

Patients’
Lives

Clinical
Care

At Global Cardio-Oncology Summit 2019, Dr. Ky presented a
paradigm on how to continue to advance the field of cardio-
oncology that is focused on the ultimate goal of improving the
lives of our cancer patients and survivors.

physician who is trained and committed to cancer
survivorship may be a viable option for the delivery
or care Additional obstacles include the “5 P’s”:

physical barriers including space and resource
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availability; patient barriers including a lack of
knowledge of lifelong risk; prior treatment and
financial toxicity; priorities of the institution, as
there has to be philosophical, financial, and resource
commitment of the health care organization to
ensure success; and payment—reimbursement
should be commensurate with effort (in our experi-
ence the average new survivor patient visit takes
122 min and the average return visit takes 91 min).
Working to overcome these barriers and implement
them into practice is certainly a priority for the field.

ADVANCING THE FIELD OF
CARDIO-ONCOLOGY

In the last session of the GCOS meeting, Dr. Ky
provided her perspective on how to advance the
field of cardio-oncology. Part of this included a his-
torical perspective on the history of cardio-oncology,
beginning first with a case series describing the CV
complications of anthracyclines from the 1960s.
Since then, the field has seen tremendous growth in
the development of newer cancer therapies and
changes in cancer treatment paradigms, as well as
the epidemiology of cancer, which altogether have
important implications for CVD. The global burden
of CVD and cancer was also noted, as these 2 disease
states are the 2 major causes of morality worldwide,

Research Priorities & Goal:
Advance Precision Medicine

FIGURE 4 Specific Strategies for Advancing the Field of Cardio-Oncology
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Globally .
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Multi-disciplinary Care
Communicate Effectively
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Patients

Educate, Empower, and
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Modifiable Risk Factors
Provide a Roadmap for
Care

Develop Evidence-based
Protocols
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Outcomes Community
Strategies: Strategies: Strategies:
*  Multi-Omics and Deep + Support our Cancer « Develop Core Curriculum
Phenotyping Patients and Survivors and Training Standards

Develop Clinical Practice
Guidelines Globally

Keep Pace with the Rapid
Expansion of Oncology
Drugs

Build and Disseminate
Educational Resources
Build the Pipeline of
Investigators and Clinicians
Accelerate Research to
Inform Clinical Practice

CVD = cardiovascular disease.

At Global Cardio-Oncology Summit 2019, Dr. Ky delineated specific strategies to help advance the field of cardio-oncology.
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with 9.5 million deaths due to cancer and 17.7
million deaths due to CVD (118). To advance the
field, Dr. Ky proposed that the mission needs to be
focused on improving the lives of cancer patients
and survivors (Figure 3). To accomplish this mission,

NO. 2, 2019

goals and strategies were proposed in the following 3

domains: research,

improving outcomes;

clinical care, and education.
Major goals in each of these domains include
advancement of precision medicine; provision of
excellent, evidence-based patient care focused on
and the generation and
dissemination of knowledge to our multidisciplinary
community. Potential strategies to accomplish these

Proceedings From the GCOS

goals are noted in Figure 4. Dr. Ky concluded with
a statement reflective of her tireless devotion
and commitment to excellence, rigor, and the
strengthening of our community through JACC:
CardioOncology (119).

ADDRESS FOR CORRESPONDENCE: Dr.
Lenihan, Cardiovascular Division, Washington Uni-
versity in St. Louis, 660 South Euclid Avenue,
Campus Box 8086, St Louis, Missouri 63110, USA.
E-mail: djlenihan@wustl.edu. Twitter: @DLenihanl-
COS_MD, @ludhmilahajjar.
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