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Abstract

Purpose of review With the rapid development of novel cancer therapeutics and the
growing number of cancer survivors, there is significant demand for cardio-
oncology experts to care for these patients. As such, it has become increasingly
necessary to develop formalized training in the field of cardio-oncology. This
review will focus on the current state of cardio-oncology education, with recom-
mendations for the development of dedicated cardio-oncology fellowships.
Recent findings Cardio-oncology fellowships should be affiliated with high-volume
centers that have established cardio-oncology clinical and research programs with
dedicated cardio-oncology faculty. Several recent publications have proposed
recommendations to develop uniform cardio-oncology training standards, core
curricula, and evaluation metrics.

Summary With the rapid evolution of the field and the support of various
profession organizations, the number and quality of dedicated cardio-oncology
fellowship programs is expected to increase significantly. The adoption of defined
training requirements and evaluation standards to measure competency will be
essential to ensure the legitimacy and success of the field.

Introduction

The development of novel cancer therapeutics has seen
significant growth over the last decade with the focus
shifting from cytotoxic chemotherapy to targeted and
immunotherapies. These advances, along with improved
and intensified screening recommendations have led to
significantly improved survival rates for many cancers. As

such, the number of cancer survivors is expected to in-
crease to over 22 million by 2024 [1]. It is increasingly
recognized however that many cancer treatments have
cardiovascular toxicities which may not occur for several
decades and can significantly impact both morbidity and
mortality [2]. As such, the field of cardio-oncology was
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developed to both treat and prevent cardiovascular com-
plications in cancer patients and survivors.

Despite the rapid incorporation of clinical cardio-
oncology to many academic and community practices,
there remains inconsistency in the cardiovascular care
offered to cancer patients. This can be a result of various
issues including lack of formalized educational require-
ments and/or standardized guidelines for the treatment
of the various cardiotoxicities encountered. For example,
only 11% of surveyed cardiology fellowship programs
included cardio-oncology lectures as part of their core

curriculum, and no data exists about cardio-oncology
training within oncology fellowships [3ee]. Beyond in-
corporating cardio-oncology education into both cardi-
ology and medical oncology fellowship programs, there
is increasing interest in developing dedicated cardio-
oncology training programs. While several fellowships
exist throughout North America and Europe, this num-
ber is expected to grow significantly and therefore, it will
be essential to develop standardized cardio-oncology
training requirements along with metrics to measure
outcomes [4e].

Cardio-oncology faculty and training environment

In order to support cardio-oncology education and training, an established
cardio-oncology clinical and research program should already exist within the
organization. This will allow trainees to have adequate exposure to the variety
of cardio-oncology issues in both the inpatient and outpatient setting. The
cardio-oncology program should be routinely evaluating patients with both
solid and liquid tumors, as well as those undergoing stem cell transplantation,
oncologic surgery, and/or radiation therapy. The members of the cardio-
oncology team should have familiarity with all modern medical oncologic
treatments ranging from traditional cytotoxic chemotherapeutics, to targeted
and immunotherapies. In addition, exposure to active oncologic clinical trials is
also recommended as is integration with survivorship programs [5, 6].
Cardiovascular imaging is an important component of cardiotoxicity moni-
toring, and therefore, cardio-oncology trainees must have robust and compre-
hensive exposure to multimodality cardiovascular imaging [7]. Echocardiograph-
ic evaluation using both 3-dimensional and global longitudinal strain analysis
should be regularly utilized in the cardio-oncology workflow, and trainees should
feel comfortable analyzing and incorporating the findings into the management
of their patients [8]. Additionally, exposure to cardiac magnetic resonance imag-
ing (MRI) as well as cardiac computed tomography (CT) is recommended. For
example, cardiac MRI has become invaluable in the evaluation and management
of cardiac masses, cardiac amyloidosis, and checkpoint inhibitor myocarditis [9].
Cardio-oncology trainees will benefit from a robust, multidisciplinary group of
practitioners including cardiologists, hematologist-oncologists, pharmacists, and
nurses. Cardiologists with expertise and knowledge of the various cancer thera-
peutics and their potential cardiotoxic effects must play a primary role in the
education of the trainees as cardio-oncology is clinically a cardiology-focused
specialty. Nonetheless, oncologists interested in the field of cardio-oncology
should also play a significant role in training as their expertise in oncology
treatment planning is invaluable to the improved understanding of cardiotoxicity
risk mitigation. In addition, subspecialty cardiologists including
interventionalists, electrophysiologists, and heart failure specialists should be
identified to augment the clinical and educational experience [4e, 5, 6, 10ee].
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As with any training program, there should be at least one individual
focusing on the educational needs of trainees in the field of cardio-oncology.
If a formal cardio-oncology fellowship is established, this individual should be
a designated program director with interest and training in graduate medical
education and provided with protected time to grow and refine the educational
mission of the fellowship. If the cardio-oncology training is incorporated into
the curricula of general cardiology or oncology fellowships, then the general
fellowship program director will ensure that adequate education is delivered by
the cardio-oncology program staff [11].

Non-physician members of the cardio-oncology program can also play a
substantial role in the education of cardio-oncology trainees. Pharmacists can
be an especially useful resource given their knowledge about different cancer
therapeutics. Nurses and specifically nurse coordinators can educate the cardio-
oncology trainee about the complexities of coordinating care for this patient
population as well as the psycho-social challenges many of these patients are
facing on a regular basis [4e, 5, 6, 10ee].

Cardio-oncology curriculum and educational recommendations

There remains a great degree of variability in cardio-oncology training recom-
mendations as it relates to core curricula, training duration, and prerequisite
experience. This is largely due to a lack of pre-defined training standards. For
example, in the USA, the Core Cardiology Training Statement (COCATS-4)
does not include cardio-oncology exposure during general the CV fellowship
[12], while the European Society of Cardiology Committee for Education has
incorporated formal cardio-oncology education into its training recommenda-
tions for the general cardiologist [13]. Ideally, standardized educational require-
ments will be established as a result of collaboration with cardio-oncology
professional organizations such as the International Cardio-Oncology Society
(ICOS) and the American College of Cardiology (ACC) Cardio-Oncology
Council along with the Accreditation Council for Graduate Medical Education
(ACGME) and the various oncology societies.

In 2016, the International Cardio-Oncology Society (ICOS) and the Cana-
dian Cardiac Oncology Network (CCON) published a conceptual framework
with comprehensive training goals and standards for this growing subspecialty
[10ee]. They recommend a minimum of 100 unique patient experiences to
successfully complete the equivalent of level III training associated with a cardio-
oncology fellowship. It should be recognized that metrics for evaluation of grad-
uate medical education training are shifting from a focus on discreet numbers to a
competency-based evaluation focused on achieving specific milestones.

Regardless of the approach, there are several specific topics within cardio-
oncology that require mastery in order to successfully complete the educational
training program (Fig. 1):

1. Pre-chemotherapy Cardiovascular Risk Assessment: Multiple cancer thera-
peutics are associated with the development of cardiovascular complications
ranging from heart failure to arrhythmias [14]. Moreover, with the aging
population, many patients begin their cancer treatments with underlying CV
disease and risk factors. As such, it is important to screen patients prior to their
cancer treatments to minimize their potential risk for toxicity. A frequently
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Fig. 1. Cardio-oncology Training Curriculum.

utilized and validated approach is the “ABCDE” method focusing on blood
pressure control, lipids, and lifestyle modifications [15]. In addition, pre-
treatment CV testing may also be necessary. For example, assessment of
cardiac function is essential for patients receiving anthracyclines and HER2-
targeted therapies | 7], whereas ankle-brachial indices may be helpful to screen
for high-risk patients receiving the targeted agents nilotinib and ponatinib
[16, 17]. Finally, pre-treatment assessment allows for the baseline evaluation
of cardiac biomarkers (troponin and brain natriuretic peptide) which can be
helpful to predict those at higher risk for dysfunction especially in the setting
of anthracycline use [18, 19].

. Management of Cancer Treatment Associated Cardiotoxicities: At the com-

pletion of cardio-oncology training, familiarity with a vast array of
cardiotoxicities is essential. While there has traditionally been a focus on
heart failure, it is increasingly recognized that many other CV complications
exist especially with newer targeted and immunotherapies [14].

a. Left Ventricular Dysfunction and Heart Failure: Anthracyclines and
HER2-targeted therapies are most commonly associated with the
development of systolic dysfunction and heart failure; however,
multiple other therapeutics have been associated with this toxicity
including the proteasome inhibitor, carfilzomib, and the tyrosine
kinase inhibitor (TKI), sunitinib [20-24]. Understanding the com-
plexities of these cancer treatments will help to guide the cardiovas-
cular treatment plan. Although the treatment of chemotherapy-
induced cardiomyopathy and heart failure is similar to any other
etiology, the complexities of cancer patients can make management
more challenging [25, 26]. Long-term management options includ-
ing device-based therapies must be appropriately utilized in the
context of the oncologic prognosis [25].
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. Myocarditis: There is increasing evidence that certain cancer immu-

notherapies, particularly checkpoint inhibitors, may lead to myo-
carditis [27, 28]. These events can range from mild episodes without
significant dysfunction, to life-threatening and even fatal events.
Evaluation and monitoring can be challenging and trainees must
learn to incorporate multiple diagnostic modalities including bio-
markers, echocardiography, and cardiac MRI into the evaluation of
these patients [27, 29]. Treatment also requires advanced knowledge
and may require immune modulating therapies ranging from ste-
roids to antithymocyte globulin or infliximab [30].

Hypertension: Accelerated hypertension is a common complication of -
a class of targeted therapeutics known as vascular endothelial growth
factor (VEGF) inhibitors [31]. Although hypertension is considered a
marker of drug efficacy, it is important to treat the blood pressure in
order to minimize long-term CV disease morbidity and mortality [32].
Angiotensin system inhibitors confer a survival advantage and are the
preferred antihypertensive agents in this population [33]. Other cancer
therapeutics are also associated with hypertension including MEK in-
hibitors, ibrutinib, a TKI used for certain B cell malignancies, and
carfilzomib; however, neither the mechanism nor the preferred treat-
ment regimens are well established with these agents [24, 34, 35].

. Vascular Ischemic Events: There is increasing evidence that vascular -

toxicities can occur with a variety of cancer therapeutics. For example,
5-fluorouracil can lead to coronary vasospasm and myocardial ische-
mia [36]. Several TKIs, including nilotinib and ponatinib are associ-
ated with increased rates of myocardial infarction, stroke, and pe-
ripheral arterial occlusive events [16, 37]. Radiation to the chest and
vascular beds can have a delayed effect, leading to vascular stenosis
many years after the completion of treatment [38]. As such, cardio-
oncology trainees must recognize these potential toxicities and de-
velop reasonable risk mitigation strategies. Moreover, the manage-
ment of cancer patients that develop coronary ischemia may be
especially challenging as a result of cancer-associated thrombocyto-
penia and bleeding diatheses [39].

. Arthythmias and Anticoagulation: Atrial arrhythmias, especially -

atrial fibrillation (AF) are frequently encountered cardiotoxicities.
There appears to be an association with incident AF and cancer [40].
Additionally, specific cancer therapies including ibrutinib, doxorubi-
cin, and melphalan are associated with increased rates of arthythmias
[41-43]. Management of these conditions can be challenging in the
context of cancer as bleeding concerns and drug-drug interactions can
limit the use of both anticoagulants and antiarrthythmic drugs [44].
Ventricular arrhythmias are less frequently encountered; however,
there is an association with the TKI, ibrutinib use as well as in the
setting of QT prolongation, a common finding with many different
cancer therapeutics (arsenic, ribocidlib, niltotinib, etc.) [45-47]. QT
prolongation in cancer patients is often due to multiple factors ranging
from concomitant medications to electrolyte imbalances and
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therefore, trainees must be comfortable assessing the QT interval in
order to ensure patient safety while minimizing unnecessary treatment
disruptions. Bradyarrhythmias are most commonly seen with taxanes
and with the TKI crizotinib which targets the anaplastic lymphoma
kinase (ALK) [48, 49]. In general, these patients are asymptomatic and
no intervention is necessary. Finally, bradyarrhythmais and heart
block have been reported as an initial manifestation of checkpoint
inhibitor myocarditis [50]. If trainees encounter these issues in pa-
tients treated with checkpoint inhibitors, further evaluation for myo-
carditis is necessary.

3. Cardiac Implantable Device Management in Radiation Oncology Patients:
In a population cohort from Denmark, there was a 199% increase in the
annual rate of radiation therapy (RT) in patients with implantable devices
from 2003 to 2012 [51]. Effective delivery of RT without compromising the
safety of the implantable device can often be challenging and requires
refined knowledge of the RT treatment plan [52]. Trainees should have
exposure to these patients and help to develop and implement strategies to
promote the safe and effective delivery of RT to this patient population.

4. CV Management in Cancer Survivors: The number of cancer survivors living
in the USA is estimated to increase dramatically over the next decade. Cancer
survivors are at higher risk for all forms of CV disease including heart failure,
coronary disease, valvular disease, and arrhythmias [53, 54]. This is due
primarily to the treatments themselves which can have a delayed toxic effect
on the CV system including anthracyclines and radiation to the heart and
other vascular beds. Trainees must learn appropriate screening protocols in
this population. For example, the American Society of Echocardiography
(ASE) recommends annual CV assessment and stress echocardiogram
5 years after completion of radiation therapy even for asymptomatic pa-
tients [7]. In addition, aggressive risk factor screening is necessary to mini-
mize long-term complications.

Didactics

While many of the topics listed above will be addressed through direct patient
exposure, dedicated didactics are also an essential part of the cardio-oncology
curriculum to ensure trainees possess the knowledge necessary to practice inde-
pendently. Regular cardio-oncology lectures are essential, and the trainee should
be encouraged to attend cardio-oncology-focused scientific meetings including
the American College of Cardiology sponsored “Advancing the Cardiovascular
Care of the Cancer Patient” or the Global Cardio-Oncology Summit. It is com-
monplace for oncologists to meet routinely in multidisciplinary “tumor boards”
to discuss challenging patient-related topics and formulate appropriate treatment
plans. While it is helpful for cardio-oncology trainees to attend these sessions, it is
impossible to be at every meeting. As such, we suggest developing a cardio-
oncology “tumor board” that will focus on the complex CV issues in cancer
patients and invite oncologists to attend if it pertains to their patients, disease
process, or treatments. Finally, routine cardio-oncology journal clubs are also
encouraged to maintain current knowledge and facilitate discussion [4e, 55e].
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Research

Conclusions

Research is the cornerstone of any academic training program. As such, a cardio-
oncology trainee should become involved with scholarly activities to advance
the current state of knowledge of this developing field. In a training program
with an emphasis on clinical exposure, this can be achieved through clinical
research projects including retrospective chart review studies as well as prospec-
tive evaluations if possible. Collaborations with basic and translational scien-
tists should also be available as mechanistic investigations are essential to our
improved understanding of cardio-oncology. Participation in larger scale on-
cology clinical trials is also recommended as this allows the cardio-oncology
trainee to understand patient selection and adjudication of adverse cardiovas-
cular events. A long-term goal would be to obtain a T-32 training grant specif-
ically in the field of cardio-oncology to support the academic endeavors of the
cardio-oncology fellowship [56, 57]. There may also be opportunities to col-
laborate with other more developed fellowships including heart failure and
advanced imaging to complete investigations. Cardio-oncology trainees should
work towards presenting data at national and international conferences as well
as publishing their work in both oncology and cardiology journals. There is
increasing interest in promoting research in this field with different NTH
funding opportunities as well as journals dedicated to cardio-oncology (Car-
dio-Oncology Journal and the newly developed journal from the American Col-
lege of Cardiology, JACC—Cardio-Oncology).

With the rapid development of the field of cardio-oncology, there has become
an increasing need to develop dedicated training programs to educate providers
about best practice and to ensure high-quality standardized CV care is provided
to cancer patients. Moreover, training programs allow for increased dissemina-
tion of knowledge and serve as an excellent platform for the advancement of the
field via research and other scholarly endeavors. Despite this, significant chal-
lenges remain before their widespread adoption and implementation can occur
ranging from a lack of a uniform curriculum and specific training requirements
to funding. Nevertheless, with time, it is evident that this specialty will continue
to grow, and dedicated training will be necessary to ensure the long-term success
of the field.

Compliance with Ethical Standards

Conflict of Interest

Michael G. Fradley is a section editor for Current Treatment Options in Cardiovascular Medicine.

Human and Animal Rights and Informed Consent
This article does not contain any studies with human or animal subjects performed by any of the authors.



27 Page 8 of 10

Curr Treat Options Cardio Med (2019) 21: 27

References and Recommended Reading

Papers of particular interest, published recently, have been

highlighted as:

o Of importance

oo Of major importance

1. Miller KD, Siegel RL, Lin CC, Mariotto AB, Kramer JL,

Rowland JH, et al. Cancer treatment and survivorship
statistics, 2016. CA Cancer J Clin. 2016;66(4):271-89.

2. Armstrong GT, Liu Q, Yasui Y, Neglia JP, Leisenring W,
Robison LL, et al. Late mortality among 5-year survi-
vors of childhood cancer: a summary from the child-
hood cancer survivor study. J Clin Oncol.
2009;27(14):2328-38.

3.ee  BaracA, Murtagh G, Carver JR, Chen MH, Freeman AM,
Herrmann J, et al. Cardiovascular health of patients
with cancer and cancer survivors: a roadmap to the next
level. ] Am Coll Cardiol. 2015;65(25):2739-46

Important paper examining the multidisciplinary nature of the

field with a paticuarl emphasis on the need to increase cardio-

oncology education.

4. Johnson MN, Steingart R, Carver J. How to develop a
cardio-oncology fellowship. Heart Fail Clin.
2017;13(2):361-6

Significant publication addressing the esssential components

and potential challeges in developing cardio-oncology

fellowship.

5. Fradley MG, Brown AC, Shields B, Viganego F,
Damrongwatanasuk R, Patel AA, et al. Developing a
comprehensive cardio-oncology program at a cancer
institute: the Moffitt Cancer Center experience. Oncol
Rev. 2017;11(2):340.

6. Okwuosa TM, Barac A. Burgeoning cardio-oncology
programs: challenges and opportunities for early career
cardiologists/faculty directors. ] Am Coll Cardiol.
2015;66(10):1193-7.

7. Plana JC, Galderisi M, Barac A, Ewer MS, Ky B, Scherrer-
Crosbie M, et al. Expert consensus for multimodality
imaging evaluation of adult patients during and after
cancer therapy: a report from the American Society of
Echocardiography and the European Association of
Cardiovascular Imaging. ] Am Soc Echocardiogr.
2014;27(9):911-39.

8. Liu J, Banchs J, Mousavi N, Plana JC, Scherrer-Crosbie
M, Thavendiranathan P, et al. Contemporary role of
echocardiography for clinical decision making in pa-
tients during and after cancer therapy. JACC Cardiovasc
Imaging. 2018;11(8):1122-31.

9. Lopez-Mattei J, Iliescu C, Durand JB, Hassan S, Kim P,
Sierra-Galan L, et al. The role of cardiac MRI in cardio-
oncology. Futur Cardiol. 2017;13(4):311-6.

10.ee Lenihan DJ, Hartlage G, DeCara J, Blaes A, Finet JE,
Lyon AR, et al. Cardio-oncology training: a proposal
from the International Cardioncology Society and Ca-
nadian Cardiac Oncology Network for a new multi-
disciplinary specialty. ] Card Fail. 2016;22(6):465-71

Seminal publication addressing the critical need for cardio-

oncology education with specific recommendations for the
development and integration of dedicated traning programs.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

Sinha SS, Julien HM, Krim SR, Iljioma NN, Baron §J,
Rock AJ, et al. American College of Cardiology Fellow-
in-Training Section Leadership Council COCATS 4:
securing the future of cardiovascular medicine. ] Am
Coll Cardiol. 2015;65(17):1907-14.

Fuster V, Halperin JL, Williams ES, Cho NR, Iobst WF,
Mukherjee D, et al. COCATS 4 task force 1: training in
ambulatory, consultative, and longitudinal cardiovas-
cular care. ] Am Coll Cardiol. 2015;65(17):1734-53.
Gillebert TC, Brooks N, Fontes-Carvalho R, Fras Z,
Gueret P, Lopez-Sendon J, et al. ESC core curriculum
for the general cardiologist (2013). Eur Heart J.
2013;34(30):2381-411.

Guha A, Armanious M, Fradley MG. Update on cardio-
oncology: novel cancer therapeutics and associated
cardiotoxicities. Trends Cardiovasc Med.
2019;29(1):29-39.

Bhatia N, Santos M, Jones LW, Beckman JA, Penson DF,
Morgans AK, et al. Cardiovascular effects of androgen
deprivation therapy for the treatment of prostate can-
cer: ABCDE steps to reduce cardiovascular disease in
patients with prostate cancer. Circulation.
2016;133(5):537-41.

Moslehi JJ, Deininger M. Tyrosine kinase inhibitor-
associated cardiovascular toxicity in chronic myeloid
leukemia. J Clin Oncol. 2015;33(35):4210-8.

Kim TD, Rea D, Schwarz M, Grille P, Nicolini FE, Rosti
G, et al. Peripheral artery occlusive disease in chronic
phase chronic myeloid leukemia patients treated with
nilotinib or imatinib. Leukemia. 2013;27(6):1316-21.
Sawaya H, Sebag IA, Plana JC, Januzzi JL, Ky B, Tan TC,
et al. Assessment of echocardiography and biomarkers
for the extended prediction of cardiotoxicity in patients
treated with anthracyclines, taxanes, and trastuzumab.
Circ Cardiovasc Imaging. 2012;5(5):596-603.
Cardinale D, Sandri MT, Colombo A, Colombo N,
Boeri M, Lamantia G, et al. Prognostic value of tropo-
nin [ in cardiac risk stratification of cancer patients
undergoing high-dose chemotherapy. Circulation.
2004;109(22):2749-54.

Chen J, Long JB, Hurria A, Owusu C, Steingart RM,
Gross CP. Incidence of heart failure or cardiomyopathy
after adjuvant trastuzumab therapy for breast cancer. J
Am Coll Cardiol. 2012;60(24):2504-12.

Swain SM, Whaley FS, Ewer MS. Congestive heart fail-
ure in patients treated with doxorubicin: a retrospective
analysis of three trials. Cancer. 2003;97(11):2869-79.
Slamon D, Eiermann W, Robert N, Pienkowski T,
Martin M, Press M, et al. Adjuvant trastuzumab in



Curr Treat Options Cardio Med (2019) 21: 27

Page 9 of 10 27

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

HER2-positive breast cancer. N Engl ] Med.
2011;365(14):1273-83.

Richards CJ, Je Y, Schutz FA, Heng DY, Dallabrida SM,
Moslehi JJ, et al. Incidence and risk of congestive heart
failure in patients with renal and nonrenal cell carci-
noma treated with sunitinib. J Clin Oncol.
2011;29(25):3450-6.

Siegel D, Martin T, Nooka A, Harvey RD, Vij R,
Niesvizky R, et al. Integrated safety profile of single-
agent carfilzomib: experience from 526 patients en-
rolled in 4 phase II clinical studies. Haematologica.
2013;98(11):1753-61.

Yancy CW, Jessup M, Bozkurt B, Butler J, Casey DE Jr,
Colvin MM, et al. 2017 ACC/AHA/HFSA focused up-
date of the 2013 ACCF/AHA guideline for the Man-
agement of Heart Failure: a report of the American
College of Cardiology/American Heart Association task
force on clinical practice guidelines and the Heart
Failure Society of America. ] Am Coll Cardiol.
2017;70(6):776-803.

Shah S, Nohria A. Advanced heart failure due to cancer
therapy. Curr Cardiol Rep. 2015;17(4):16.

Mahmood SS, Fradley MG, Cohen JV, Nohria A,
Reynolds KL, Heinzerling LM, et al. Myocarditis in
patients treated with immune checkpoint inhibitors. ]
Am Coll Cardiol. 2018;71(16):1755-64.

Moslehi J], Salem JE, Sosman JA, Lebrun-Vignes B,
Johnson DB. Increased reporting of fatal immune
checkpoint inhibitor-associated myocarditis. Lancet.
2018;391(10124):933.

Lee Chuy K, Oikonomou EK, Postow MA, Callahan
MK, Chapman PB, Shoushtari AN, et al. Myocarditis
surveillance in patients with advanced melanoma on
combination immune checkpoint inhibitor therapy:
the memorial Sloan Kettering Cancer center experience.
Oncologist. 2019. https://doi.org/10.1634/
theoncologist.2019-0040.

Ganatra S, Neilan TG. Immune checkpoint inhibitor-
associated myocarditis. Oncologist. 2018;23(8):879-86.
Hall PS, Harshman LC, Srinivas S, Witteles RM. The
frequency and severity of cardiovascular toxicity from
targeted therapy in advanced renal cell carcinoma pa-
tients. JACC Heart Fail. 2013;1(1):72-8.

Rini BI, Cohen DP, Lu DR, Chen I, Hariharan S, Gore
ME, et al. Hypertension as a biomarker of efficacy in
patients with metastatic renal cell carcinoma treated
with sunitinib. J Natl Cancer Inst. 2011;103(9):763-73.
McKay RR, Rodriguez GE, Lin X, Kaymakcalan MD,
Hamnvik OP, Sabbisetti VS, et al. Angiotensin system
inhibitors and survival outcomes in patients with
metastatic renal cell carcinoma. Clin Cancer Res.
2015;21(11):2471-9.

Burger JA, Tedeschi A, Barr PM, Robak T, Owen C, Ghia
P, et al. Ibrutinib as initial therapy for patients with
chronic lymphocytic leukemia. N Engl ] Med.
2015;373(25):2425-37.

Abdel-Rahman O, ElHalawani H, Ahmed H. Risk of
selected cardiovascular toxicities in patients with cancer
treated with MEK inhibitors: a comparative systematic

36.

37.

38.

39.

40.

41.

42.

43.

44.

45.

40.

47.

48.

review and meta-analysis. ] Glob Oncol.
2015;1(2):73-82.

Layoun ME, Wickramasinghe CD, Peralta MV, Yang
EH. Fluoropyrimidine-induced cardiotoxicity: mani-
festations, mechanisms, and management. Curr Oncol
Rep. 2016;18(6):35.

Douxfils J, Haguet H, Mullier F, Chatelain C, Graux C,
Dogne JM. Association between BCR-ABL tyrosine ki-
nase inhibitors for chronic myeloid leukemia and car-
diovascular events, major molecular response, and
overall survival: a systematic review and meta-analysis.
JAMA Oncol. 2016;2:625.

Darby SC, Ewertz M, McGale P, Bennet AM, Blom-
Goldman U, Bronnum D, et al. Risk of ischemic heart
disease in women after radiotherapy for breast cancer.
N Engl J Med. 2013;368(11):987-98.

Iliescu CA, Grines CL, Herrmann J, Yang EH,
Cilingiroglu M, Charitakis K, et al. SCAI expert con-
sensus statement: evaluation, management, and spe-
cial considerations of cardio-oncology patients in the
cardiac catheterization laboratory (endorsed by the
cardiological society of India, and sociedad Latino
Americana de Cardiologia intervencionista). Catheter
Cardiovasc Interv. 2016;87(5):E202-23.

O'Neal WT, Lakoski SG, Qureshi W, Judd SE, Howard
G, Howard V], et al. Relation between cancer and atrial
fibrillation (from the REasons for geographic and racial
differences in stroke study). Am J Cardiol.
2015;115(8):1090-4.

Brown JR, Moslehi J, O'Brien S, Ghia P, Hillmen P,
Cymbalista F, et al. Characterization of atrial fibrilla-
tion adverse events reported in ibrutinib randomized
controlled registration trials. Haematologica.
2017;102(10):1796-805.

Feliz V, Saiyad S, Ramarao SM, Khan H, Leonelli F,
Guglin M. Melphalan-induced supraventricular tachy-
cardia: incidence and risk factors. Clin Cardiol.
2011;34(6):356-9.

Outomuro D, Grana DR, Azzato F, Milei J. Adriamycin-
induced myocardial toxicity: new solutions for an old
problem? Int J Cardiol. 2007;117(1):6-15.

Ganatra S, Sharma A, Shah S, Chaudhry GM, Martin DT,
Neilan TG, et al. Ibrutinib-associated atrial fibrillation.
JACC Clin Electrophysiol. 2018;4(12):1491-500.
Guha A, Derbala MH, Zhao Q, Wiczer TE, Woyach JA,
Byrd JC, et al. Ventricular arrhythmias following
ibrutinib initiation for lymphoid malignancies. ] Am
Coll Cardiol. 2018;72(6):697-8.

Fradley MG, Moslehi J. QT prolongation and oncology
drug development. Card Electrophysiol Clin.
2015;7(2):341-55.

Naing A, Veasey-Rodrigues H, Hong DS, Fu S, Falchook
GS, Wheler JJ, et al. Electrocardiograms (ECGs) in
phase I anticancer drug development: the MD Ander-
son Cancer Center experience with 8518 ECGs. Ann
Oncol. 2012;23(11):2960-3.

Armanious MA, Mishra S, Fradley MG. Electrophysio-
logic toxicity of chemoradiation. Curr Oncol Rep.
2018;20(6):45.


http://dx.doi.org/10.1634/theoncologist.2019-0040
http://dx.doi.org/10.1634/theoncologist.2019-0040

27

Page 10 of 10

Curr Treat Options Cardio Med (2019) 21: 27

49.

50.

51.

52.

53.

54.

Tartarone A, Gallucci G, Lazzari C, Lerose R, Lombardi
L, Aieta M. Crizotinib-induced cardiotoxicity: the im-
portance of a proactive monitoring and management.
Future Oncol. 2015;11(14):2043-8.

Johnson DB, Balko JM, Compton ML, Chalkias S,
Gorham J, Xu 'Y, et al. Fulminant myocarditis with
combination immune checkpoint blockade. N Engl ]
Med. 2016;375(18):1749-55.

Zaremba T, Jakobsen AR, Sogaard M, Thogersen AM,
Johansen MB, Madsen LB, et al. Risk of device mal-
function in cancer patients with implantable cardiac
device undergoing radiotherapy: a population-based
cohort study. Pacing Clin Electrophysiol.
2015;38(3):343-56.

Zaremba T, Jakobsen AR, Sogaard M, Thogersen AM,
Riahi S. Radiotherapy in patients with pacemakers and
implantable cardioverter defibrillators: a literature re-
view. Europace. 2016;18(4):479-91.

Armstrong GT, Oeffinger KC, Chen Y, Kawashima T,
Yasui Y, Leisenring W, et al. Modifiable risk factors and
major cardiac events among adult survivors of child-
hood cancer. J Clin Oncol. 2013;31(29):3673-80.
Armenian SH, Lacchetti C, Barac A, Carver ], Constine
LS, Denduluri N, et al. Prevention and monitoring of

cardiac dysfunction in survivors of adult cancers:
American Society of Clinical Oncology clinical practice
guideline. J Clin Oncol. 2017;35(8):893-911.

55.¢  Ganatra S, Hayek SS. Cardio-oncology for GenNext: a
missing piece of the training puzzle. ] Am Coll Cardiol.
2018;71(25):2977-81

Important publication focusing on the challenges associated

with cardio-oncology training and education.

56. Shelburne N, Adhikari B, Brell J, Davis M, Desvigne-
Nickens P, Freedman A, Minasian L, Force T, Remick
SC Cancer treatment-related cardiotoxicity: current
state of knowledge and future research priorities. ] Natl
Cancer Inst 2014;106(9).

57. Narahari AK, Charles EJ, Mehaffey JH, Hawkins RB,
Schubert SA, Tribble CG, et al. Cardiothoracic surgery
training grants provide protected research time vital to
the development of academic surgeons. ] Thorac
Cardiovasc Surg. 2018;155(5):2050-6.

Publisher’s Note
_______________________________________________________|
Springer Nature remains neutral with regard to jurisdictional
claims in published maps and institutional affiliations.



	Cardio-Oncology Fellowship Training and Education
	Abstract
	Introduction
	Cardio-oncology faculty and training environment
	Cardio-oncology curriculum and educational recommendations
	Didactics
	Research
	Conclusions
	Compliance with Ethical Standards
	References and Recommended Reading


