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Cardio-Oncology ?!?
Multidisciplinary management of cardiovascular risk in cancer patients

Brian C. Jensen MD
UNC Division of Cardiology
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What is Cardio-oncology?

2009: 3
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Who are Cardio-oncology patients?
“Comorbid”

CANCERHEART 
DISEASE

64 year-old smoker with a history of 
CAD s/p PCI is diagnosed with NSCLCA

“Survivorship”

CANCER HEART 
DISEASE

74 year-old woman with a distant history of 
breast cancer presents with atrial fibrillation

“Causal”

CANCER HEART 
DISEASE

48 year-old woman with a history of Non-Hodgkin 
lymphoma s/p CHOP presents with heart failure 

and an EF of 20%

63 year-old woman with ovarian CA on active 
treatment with Avastin presents with a BP of 

174/98 mmHg.
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CDC/NVSS May 22 2019

NCHS Data Brief Ŷ No. 328 Ŷ November 2018

Ŷ� �� Ŷ

What are the leading causes of death?

In 2017, the 10 leading causes of death (heart disease, cancer, unintentional injuries, chronic 
lower respiratory diseases, stroke, Alzheimer disease, diabetes, influenza and pneumonia, kidney 
disease, and suicide) remained the same as in 2016. Causes of death are ranked according 
to number of deaths (1). The 10 leading causes accounted for 74.0% of all deaths in the 
United States in 2017.

From 2016 to 2017, age-adjusted death rates increased for 7 of 10 leading causes of death and 
decreased for 1 (Figure 4 ). The rate increased 4.2% for unintentional injuries, 0.7% for chronic 
lower respiratory diseases, 0.8% for stroke, 2.3% for Alzheimer disease, 2.4% for diabetes, 5.9% 
for influenza and pneumonia, and 3.7% for suicide. The rate decreased 2.1% for cancer. Rates for 
heart disease and kidney disease did not change significantly.
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Figure 4. Age-adjusted death rates for the 10 leading causes of death: United States, 2016 and 2017

Deaths per 100,000 U.S. standard population

1Statistically significant decrease in age-adjusted death rate from 2016 to 2017 (p < 0.05).
2Statistically significant increase in age-adjusted death rate from 2016 to 2017 (p < 0.05).
NOTES: A total of 2,813,503 resident deaths were registered in the United States in 2017. The 10 leading causes accounted for 74.0% of all deaths in the 
United States in 2017. Causes of death are ranked according to number of deaths. Rankings for 2016 data are not shown. Data table for Figure 4 includes the 
number of deaths for leading causes. Access data table for Figure 4 at: https://www.cdc.gov/nchs/data/databriefs/db328_tables-508.pdf#4.
SOURCE: NCHS, National Vital Statistics System, Mortality.

Unintentional injuries 47.4
249.4

Chronic lower respiratory 
diseases 240.9

40.6

Stroke 237.6
37.3

Alzheimer disease
231.0
30.3

Heart disease 165.5
165.0

Cancer 155.8
1152.5

Diabetes 221.5
21.0

Influenza and pneumonia 214.3
13.5

Suicide 214.0
13.5

Kidney disease 13.1
13.0

2016
2017

Causes of death in the United States
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Provisional data for 2020
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Cancer increases risk for subsequent CV disease

Ø Survivors have a 10 times higher risk for coronary atherosclerosis

Ø Survivors have a 15 times higher risk of heart failure

Ø Survivors have a 9.3 times the risk for stroke

Ø Risks are particularly high among survivors who had received anthracycline 
drugs, such as doxorubicin, or high-dose radiation therapy to the chest as 
part of their cancer treatment

Childrens Cancer Research Fund

CANCER HEART 
DISEASE

Oeffinger et al, NEJM, 2006
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Cancer survivorship contributes to CVD mortality

cancercontrol.cancer.gov
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cause-of-death codes C00–C97, while heart disease deaths are 
classified by ICD–10 underlying cause-of-death codes I00–I09, 
I11, I13, and I20–I51. Death rates are presented for persons 
aged 45–64 overall, by sex, and by race and ethnicity. Age, sex, 
and race and ethnicity of the decedent are demographic variables 
on the death certificate that are supplied to the funeral director 
by the informant, usually the next of kin. See Technical Notes for 
more information on the quality of the race and ethnicity data.  

Rates and significance testing
Annual death rates are calculated as the number of deaths 

per 100,000 persons aged 45–64 residing in the United States. 
Comparisons among rates, unless otherwise specified, are 
statistically significant at the 0.05 level using the z test statistic. 
For more detail, see Technical Notes. Trends were evaluated 
using the National Cancer Institute’s Joinpoint Regression 
Program (5). The Joinpoint software was used to fit weighted 
least-squares regression models to the estimated proportions on 
the logarithmic scale. For more information, see Technical Notes. 

Results

Trends in cancer and heart disease death rates

Total

The cancer death rate for adults aged 45–64 declined 
19% from 1999 to 2017 (224.9 deaths per 100,000 to 182.6)  
(Figure 1, Table A). The decline in the cancer death rate was 
greater for 1999 to 2007 and 2014 to 2017 (each 1.5% annually) 
than for 2007 to 2014 (0.5% annually). The heart disease death 
rate for adults aged 45–64 declined 22% between 1999 (164.3) 
and 2011 (127.9) and then increased 4% between 2011 and 
2017 (133.6).  So, the rate in 2017 was 19% lower than the 1999 
rate. The heart disease death rate fell 2.5% annually from 1999 
to 2007, 1.2% annually from 2007 to 2011, and then increased 
0.9% annually from 2011 to 2017. For the 1999 to 2017 period, 
cancer death rates were always higher than the heart disease 
death rates, and were 37% higher in 2017. 

By sex

The cancer death rate for men aged 45–64 declined at 
varying rates over the period: 1.6% annually from 1999 to 2006, 
0.4% annually from 2006 to 2014, and 2.2% annually from 2014 
to 2017. The rate was down from 247.0 per 100,000 in 1999 
to 197.4 in 2017, a 20% decline (Figure 2, Table A). The heart 
disease death rate for men aged 45–64 declined 22% from 1999 
(235.7) to 2011 (183.5) but then increased 3% from 2011 to 
2017 (189.8). 

The cancer death rate for women aged 45–64 declined 17% 
from 1999 (204.1) to 2017 (168.5), with greater declines in the 
average annual percentage for 1999 to 2008 (1.5% annually) 
than for 2008 to 2017 (0.5% annually). The heart disease death   
rate for women aged 45–64 declined 23% from 1999 (96.8) to 
2011 (74.9) but then increased 7% in 2017 (80.1).   
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1Significant decreasing trend from 1999 to 2017 with different rates of change over 
time, p < 0.05.
2Significantly higher than heart disease death rate, p < 0.05. 
3Significant decreasing trend from 1999 to 2011 with different rates of change over 
time; significant increasing trend from 2011 to 2017, p < 0.05.
NOTE: Cancer deaths are identified with International Classification of Diseases, 10th 
Revision (ICD–10) underlying cause-of-death codes C00–C97; heart disease deaths 
are identified with ICD–10 underlying cause-of-death codes I00–I09, I11, I13, and I20–I51.
SOURCE: NCHS, National Vital Statistics System, Mortality.
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1Significant decreasing trend from 1999 to 2017 with different rates of change over 
time, p < 0.05.
2Within sex, cancer death rate is significantly higher than the heart disease death 
rate, p < 0.05. 
3Significant decreasing trend from 1999 to 2011; significant increasing trend from 
2011 to 2017, p < 0.05. 
NOTE: Cancer deaths are identified with International Classification of Diseases, 10th 
Revision (ICD–10) underlying cause-of-death codes C00–C97; heart disease deaths are 
identified with ICD–10 underlying cause-of-death codes I00–I09, I11, I13, and I20–I51. 
SOURCE: NCHS, National Vital Statistics System, Mortality.
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Figure 1. Death rates for cancer and heart disease 
among adults aged 45–64: United States, 1999–2017

Figure 2. Death rates for cancer and heart disease 
among adults aged 45–64, by sex: United States, 
1999–2017
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0.4% annually from 2006 to 2014, and 2.2% annually from 2014 
to 2017. The rate was down from 247.0 per 100,000 in 1999 
to 197.4 in 2017, a 20% decline (Figure 2, Table A). The heart 
disease death rate for men aged 45–64 declined 22% from 1999 
(235.7) to 2011 (183.5) but then increased 3% from 2011 to 
2017 (189.8). 

The cancer death rate for women aged 45–64 declined 17% 
from 1999 (204.1) to 2017 (168.5), with greater declines in the 
average annual percentage for 1999 to 2008 (1.5% annually) 
than for 2008 to 2017 (0.5% annually). The heart disease death   
rate for women aged 45–64 declined 23% from 1999 (96.8) to 
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1Significant decreasing trend from 1999 to 2017 with different rates of change over 
time, p < 0.05.
2Significantly higher than heart disease death rate, p < 0.05. 
3Significant decreasing trend from 1999 to 2011 with different rates of change over 
time; significant increasing trend from 2011 to 2017, p < 0.05.
NOTE: Cancer deaths are identified with International Classification of Diseases, 10th 
Revision (ICD–10) underlying cause-of-death codes C00–C97; heart disease deaths 
are identified with ICD–10 underlying cause-of-death codes I00–I09, I11, I13, and I20–I51.
SOURCE: NCHS, National Vital Statistics System, Mortality.
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1Significant decreasing trend from 1999 to 2017 with different rates of change over 
time, p < 0.05.
2Within sex, cancer death rate is significantly higher than the heart disease death 
rate, p < 0.05. 
3Significant decreasing trend from 1999 to 2011; significant increasing trend from 
2011 to 2017, p < 0.05. 
NOTE: Cancer deaths are identified with International Classification of Diseases, 10th 
Revision (ICD–10) underlying cause-of-death codes C00–C97; heart disease deaths are 
identified with ICD–10 underlying cause-of-death codes I00–I09, I11, I13, and I20–I51. 
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among adults aged 45–64: United States, 1999–2017
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among adults aged 45–64, by sex: United States, 
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CV deaths in breast cancer patients

Patnaik JL Breast Cancer Res. 2011 (13):3

63,566 women with breast cancer from the SEER-Medicare database
Median follow-up 9 years

Of those women who died of CV disease, only 25% carried a CV diagnosis at enrollment

Higher stage at diagnosis increased 
likelihood of death from breast cancer

Cause of death
CV disease 15.9%

Breast cancer 15.1%

9
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CV disease after Hodgkin treatment

Medias.nal)XRT)and)CV)Disease)
•  N=2,524!HL!survivors;!81.3%!XRT;!30.6%!anthracyclines!
•  Median!f/u=20.3!yrs!

Van!Leeuwen!et!al.!JAMA!Int!Med.!2015;175(6):1007!
Van Leeuwen et al. JAMA Int Med 2015; 175(6): ;1007

2,524 HL survivors (81% radiation, 31% anthracyclines)
Median follow-up 20 years

10

Risk factors for cardiotoxicity

2.1.1.7 Radiotherapy
The actual incidence of radiation-induced cardiotoxicity is difficult
to evaluate for several reasons. These include the long delay be-
tween exposure and clinical manifestation of heart disease, the
use of concomitant cardiotoxic chemotherapy, continuous im-
provements in radiation techniques and changes in the treated
population and failure to attribute cardiac disease to previous radio-
therapy despite increasing awareness of cardiovascular physicians of
its long-term side effects. Some studies found a relative risk of fatal
cardiovascular events between 2.2 and 12.7 in survivors of Hodgkin
lymphoma and between 1 and 2.2 in patients with breast cancer.80,81

The absolute excess risk of mortality ranges from 9.3 to 28 per 10 000
person-years of follow-up.80 Among survivors, the risk of HF was
increased 4.9-fold.81 In patients with breast cancer treated in the
era 1980–2000, the risk of cardiotoxicity was highest in patients
treated with both left breast radiotherapy and cardiotoxic chemo-
therapy, suggesting a synergistic effect on cardiac risk.82 Marked
interstitial myocardial fibrosis is common in radiotherapy-induced
cardiotoxicity, with lesions of variable volumes and distribution.80

In 1820 adult survivors of childhood cancer (median age 31 years;
median time from diagnosis 23 years) exposed to anthracycline
chemotherapy (n ! 1050), chest-directed radiotherapy (n ! 306)
or both (n ! 464), 22% of survivors exposed to radiotherapy alone
had evidence of diastolic dysfunction and 27.4% showed reduced

exercise capacity (,490 m 6-min walk).83 Systolic dysfunction is
generally observed when radiotherapy is combined with anthracy-
clines. HF may also be aggravated by concomitant radiation-induced
valvular heart disease (VHD) and CAD, and can evolve over years.

2.1.2 Diagnostic and therapeutic management
2.1.2.1 Screening, risk stratification and early detection strategies
The first step to identify patients at increased risk for cardiotoxicity
consists of a careful baseline assessment of cardiovascular risk factors
(Table 4). A limited number of studies have generated risk scores for
different oncology patient cohorts.39,84 However, none of these risk
scores has been validated prospectively, and clinical judgement is re-
quired when evaluating the risk at an individual level. Risk assessment
should include clinical history and examination and baseline measure-
ment of cardiac function. Cardiac biomarkers (natriuretic peptides or
troponins) may be considered in addition, preferably using the same
assay that will be used during follow-up measurements, to increase
comparability. It is critical to detect subclinical cardiac abnormalities,
which may influence clinical decisions regarding the choice of chemo-
therapy, indication for cardioprotection or increased surveillance
frequency (e.g. asymptomatic LV dysfunction). Finally, baseline assess-
ment of cardiovascular risk factors allows appropriate interpretation
of subsequent results/changes during regular monitoring. Baseline risk

Table 3 Factors associated with risk of cardiotoxicity
following anti-HER2 compounds and VEGF
inhibitors70 –72

Agent Risk factors

Anti-HER2 compounds

- Antibodies
  - Trastuzumab
  - Pertuzumab
  - T-DM1 

- Tyrosine kinase inhibitor
  - Lapatinib

• Previous or concomitant 
 anthracycline treatment (short time 
 between anthracycline and anti-HER2  
 treatment)
• Age (>65 years)
• High BMI >30 kg/mg2

• Previous LV dysfunction
• Arterial hypertension
• Previous radiation therapy

VEGF inhibitors

- Antibodies
  - Bevacizumab
  - Ramucirumab

 or left side VHD (e.g. mitral  
 regurgitation), chronic ischaemic 
 cardiomyopathy
• Previous anthracycline

- Tyrosine kinase inhibitors
  - Sunitinib
  - Pazopanib
  - Axitinib
  - Neratinib
  - Afatinib
  - Sorafenib
  - Dasatinib

• Arterial hypertension
• Pre-existing cardiac disease  

Pre-existing HF, significant CAD

BMI ! body mass index; CAD ! coronary artery disease; HER2 ! human
epidermal growth factor receptor 2; HF ! heart failure; MI ! myocardial
infarction; VEGF ! vascular endothelial growth factor; VHD ! valvular heart
disease.

Table 4 Baseline risk factors for cardiotoxicity

Current myocardial disease Demographic and other 
CV risk factors

• Heart failure (with either preserved 
 or reduced ejection fraction)
• Asymptomatic LV dysfunction 
 (LVEF <50% or high natriuretic  
 peptidea)
• Evidence of CAD  (previous 
 myocardial infarction, angina, PCI or 
 CABG, myocardial ischaemia)
• Moderate and severe VHD with 
 LVH or LV impairment
• Hypertensive heart disease with 
 LV hypertrophy 
• Hypertrophic cardiomyopathy
• Dilated cardiomyopathy
• Restrictive cardiomyopathy
• Cardiac sarcoidosis with myocardial 
 involvement
• 
 (e.g. AF, ventricular tachyarrhythmias)

• Age (paediatric population 
 <18 years; >50 years for 
 trastuzumab; >65 years for 
 anthracyclines)   
• Family history of premature  
 CV disease (<50 years)
• Arterial hypertension
• Diabetes mellitus
• Hypercholesterolaemia

Previous cardiotoxic cancer 
treatment

Lifestyle risk factors

• Prior anthracycline use
• Prior radiotherapy to chest or 
 mediastinum

• Smoking
• High alcohol intake
• Obesity
• Sedentary habit 

Significant cardiac arrhythmias

AF ! atrial fibrillation; CABG ! coronary artery bypass graft; CAD ! coronary
artery disease; CV ! cardiovascular; LV ! left ventricular; LVEF ! left ventricular
ejection fraction; LVH ! left ventricular hypertrophy; VHD ! valvular heart
disease.
aB-type natriuretic peptide .100pg/ml or N-terminal pro-B-type natriuretic
peptide .400pg/ml with no alternative cause.
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CV disease after mediastinal radiationMedias.nal)XRT)and)Type)of)CVD))

Van!Leeuwen!et!al.!JAMA!Int!Med.!2015;175(6):1007!

Medias.nal)XRT) Any)CV)Dz) CAD) Valve)Dz) HF)

HR!
(95%!CI)!

2.9!!
(2.3^3.7)!
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2.3!!
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Van Leeuwen et al. JAMA Int Med 2015; 175(6): ;1007
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Darby SC et al. N Engl J Med 2013;368:987-998.

2168 Swedish and Danish women who received XRT for breast cancer
Mean heart dose = 4.9 Gy

Risk of major coronary events increased 7.4% per Gy

Chest wall radiation increases risk for CHD

13

Mechanisms of CV disease after RT

European Heart Journal-CV Imaging (2103): 14, 721-40

14

Risk factors for radiation-related CV disease

Lancellotti et al. J Am Soc Echocar 2013. 26:1013
cardiac disease and the relationship between short-term effects and
long-term risks in each individual patient are still subject to investiga-
tions and not fully understood.3 Ionizing radiation might harm
virtually all cardiac tissues and the underlying pathophysiological
mechanismsmay be related tomicro- andmacrovascular damages.6,18

Early events in the post-radiation cascade are loss of endothelial cells
with subsequent inflammatory responses, driving the vascular dam-
age.19 Microvascular damage (decrease in capillary density resulting
in ischaemia) is associated with eventual fibrosis and diastolic dysfunc-
tion and heart failure. Primary radiation fibrosis is not related to the pri-
mary effect of radiation, but rather to a reparative response of the
heart tissue to injury in the microvascular system (Figure 1).5 This is
a common pathological feature of late radiation tissue complica-
tions.20 Macrovascular damage includes accelerated atherosclerosis
yielding endothelial dysfunction and coronary artery stenosis.3,21

The pathogenesis of this radiation-induced CAD shares common
pathways with CAD driven by genetic and exogenous factors.5 As ex-
ogenous factors have been shown to result in genomic instability, and
as low-dose radiation induces long-lasting genomic instability, a syner-
gistic interaction between radiation-induced effects and pathogenic
events unrelated to radiation exposure is highly probable.

Acute and Chronic Cardiovascular Toxicity

The clinical translations of the above radiation-induced pathophysio-
logical changes are pericarditis, valvular heart disease, myocardial
damage, microvascular dysfunction, CAD, myocardial ischaemia,
and restrictive cardiomyopathy. These clinical entities differ with re-
gard to latency, radiation exposure pattern, and clinical presenta-
tion.6,17,20 Acute radiation effects are commonly subtle, difficult to
assess in patients, and clinically less relevant. Acute radiation effects
must be suspected and investigated in patients with cardiovascular
complaints early after radiotherapy. The late manifestations of
RIHD usually become clinically overt several years after radiation.
The symptoms and signs of RIHD are, for the most part,
indistinguishable from those encountered in patients with heart
disease due to other aetiologies. Table 3 gives a summary of the path-
ophysiological manifestations of RIHD for different radiosensitive
structures within the heart.

ROLE OF IMAGING IN ASSESSING ‘RIHD’

In oncological patients, cardiac imaging is classically dictated either by
the symptomatic status or by the presence of suggestive physical ex-

amination findings. Echocardiography takes a central role in evaluat-
ing the morphology and function of the heart and represents the first
imaging modality in the majority of cases. Other imaging modalities,
including cardiac computed tomography (CT), cardiac magnetic res-
onance (CMR), and nuclear cardiology, are used to confirm and eval-
uate the extent of RIHD. Although their use is often complementary,
their clinical utility depends on the type of pathological features. For
instance, the role of nuclear cardiology for assessing pericardial struc-
tures, myocardial fibrosis, or valvular heart disease associated with
RIHD is limited by its suboptimal spatial resolution. Conversely, the
sensitivity of cardiac CT to detect localized pericardial effusion and
pericardial thickening and the accuracy of CMR in characterization
of myocardial oedema, inflammation, and fibrosis are superior to
echocardiography.

Specific Technical Considerations

Echocardiography. Detection of any cardiac structure abnormal-
ity, measurement of left ventricular (LV) performance, and evaluation
of valvular disease severity are critical components of the assessment
and management of RIHD.22 Several echocardiographic approaches
(M-mode,Doppler, two-/three-dimensional (2D/3D) transthoracic or
transoesophageal, contrast, or stress echocardiography) can be used
according to the clinical indications. Unless 3D echocardiography is
used, the 2D biplane disk summation method (biplane Simspon’s) is
recommended for the estimation of LV volumes and ejection fraction.
Contrary to 2D, 3D echocardiography makes no assumptions about
the LV shape and avoids foreshortened views resulting in a better ac-
curacy regarding the assessment of LV mass and volumes.23 A com-
mon limitation of 2D/3D is the suboptimal visualization of the
endocardial border. This happens particularly in patients with obesity,
respiratory disease, thoracic deformity, or previous open-chest cardiac
surgery.Whenmore than two segments are not adequately visualized,
the use of contrast agents for endocardial border definition improves
inter-observer variability to a level comparable with CMR.24New cur-
rently available techniques (tissue Doppler imaging and 2D speckle
tracking) may yield complementary information for the assessment
of LV function.25 Although tissue Doppler-derived velocity parame-
ters are easier to obtain, deformation imaging (strain and strain rate)
appears more sensitive to detect subtle function changes and may be-
come a valuable clinical tool to assess myocardial function in oncology
patients.26,27 2D speckle tracking echocardiography is an accurate
angle-independent modality for the quantification of strain, ameasure
of LV systolic function, while tissue Doppler imaging is angle depen-
dent and its derived velocities are widely affected by tethering to ad-
jacent segments and the overall motion of the heart. Due to its high
degree of automation, 2D speckle tracking is particularly suited for re-
petitive follow-up examinations by different echocardiographers.25

Themain drawback of the 2D speckle tracking approach is that the re-
sults are affected by the image quality. Further, to guarantee compara-
bility, serial studies should be performed on the same platform and
software release. For valve analysis, transthoracic Doppler echocardi-
ography is the recommended first-line imaging, whereas transoeso-
phageal echocardiography is advocated in the absence of
contraindications when transthoracic echocardiography is non-
diagnostic or when further diagnostic refinement is required. 3D
echocardiography is reasonable to provide additional information in
patients with complex valve lesions.

Cardiac Magnetic Resonance. CMR physics and image acquisi-
tion strategies are discussed elsewhere.28 Black-blood T1-weighted

Table 2 Risk factors of radiation-induced heart disease

Anterior or left chest irradiation location
High cumulative dose of radiation (>30 Gy)

Younger patients (<50 years)
High dose of radiation fractions (>2 Gy/day)

Presence and extent of tumour in or next to the heart
Lack of shielding

Concomitant chemotherapy (the anthracyclines considerably
increase the risk)

Cardiovascular risk factors (i.e. diabetes mellitus, smoking,
overweight, $moderate hypertension, hypercholesterolaemia)

Pre-existing cardiovascular disease

High-risk patients definition: anterior or left-side chest irradiationwith
$1 risk factors for RIHD.

Journal of the American Society of Echocardiography
Volume 26 Number 9

Lancellotti et al 1015
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Lancet  378:771-84; 2011. 

Meta-Analysis 
!  1976 - 1999 
!  Postlumpectomy Radiation 
!  1% loss of the survival gain from RT 
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Lancet  378:771-84; 2011. 

Meta-Analysis 
!  1976 - 1999 
!  Postlumpectomy Radiation 
!  1% loss of the survival gain from RT 

Meta-analysis of lumpectomy ± RT (1976-1999)
Breast cancer mortality reduced 3.8% at 15 years

Overall mortality reduced 3.0%
…non-cancer deaths attenuate benefit...

RT reduces mortality in breast cancer patients

16

Heart failure in older breast cancer patients
Anthracyclines and comorbidities are independent risk factors

Pinder MC et al. JCO 2007;25:3808-3815

Relative risk of HF after 
anthracyclines = 1.26

Risk factors for HF
Charlson Comorbidity Score 1: HR 2.05

2: HR 3.62
Black race: HR 1.40
Trastuzumab: HR 1.46
Hypertension: HR 1.45
Diabetes: HR 1.74
CAD: HR 1.58

43,338 breast cancer survivors (66-80 years old) in Medicare SEER database.  
At 10 years the risk of incident HF without chemotherapy 29%; 

with anthracycline-based chemotherapy 38%.
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Anthracyclines
Adriamycin, Doxorubicin, Daunorubicin…

Doxorubicin

Compounds isolated from Streptomyces sp. found near the Adriatic Sea
Characteristically red (rubis) in color

Anti-neoplastic mechanisms include:
Interferes with transcription and damages DNA by inhibiting topoisomerase II

Indications: 
Highly effective in the treatment of leukemia, lymphoma, sarcoma, and breast cancer

…all tumors that occur in young people

Adverse effects:
Affects tissues with high mitotic index (Bone marrow, GI, hair follicles)
Main dose-limiting side effect is cardiotoxicity (first recognized in 1967)
Mechanism (?): Increases free radical production, leading to oxidative stress
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Anthracycline-induced cardiotoxicity

Ann Intern Med. 1996;125(1):47-58

Late onset (??)

Risk Factors: youth or old age, concomitant radiation, genetic predisposition

www.thelancet.com/oncology   Vol 16   March 2015 e129
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troponin assays82 might play in predicting late-occurring 
left ventricular dysfunction. Serum natriuretic peptides 
([NP]: NT-pro-B-type natriuretic peptide [BNP], BNP, 
atrial natriuretic peptide [ANP]) are released in response 
to myocardial wall stress, and have become established 
biomarkers for the diagnosis of symptomatic heart 
failure.79 There is emerging evidence to suggest that 
persistent elevation of NPs during treatment with 
anthracyclines could be a predictor of cardiac dysfunction 
years after completion of therapy.80 However, data for the 
diagnostic accuracy of NPs for routine surveillance of 
cardiac dysfunction in asymptomatic survivors of cancer 
has been mixed, as high negative predictive values 
(63–100%), but low sensitivity (0–32%) and low positive 
predictive values (12·5–37·5%; appendix) have been 
reported, making them unreliable for use as the only 
surveillance strategy in this population. There is a 
growing body of medical literature in adult oncology4,82 

and non-oncology54,83 populations supporting the 
complementary role of cardiac biomarkers and imaging 
studies for cardiomyopathy detection. As such, it might 
be reasonable to consider blood biomarkers in individuals 
who might be symptomatic but have preserved systolic 
function, or in those with borderline cardiac function 
during primary surveillance (moderate recommendation).

At what frequency and for how long should surveillance 
be performed?
Owing to the absence of data, recommendations for 
initiation and frequency of surveillance are largely 
consensus based. The relative risk of congestive heart 
failure and the potential di! erence in rate of cardiac 
function deterioration between risk groups during 
follow-up were considered. There was a consensus that 
surveillance should begin no later than 2 years after 
completion of cardiotoxic therapy and continue for a 
minimum of every 5 years thereafter, as pharmacological 
interventions in individuals with asymptomatic 
cardiomyopathy can delay the onset of congestive heart 
failure and decrease mortality.11 These recommendations 
were ranked as strong for high-risk survivors and 
moderate for moderate-risk and low-risk survivors. With 
regards to the frequency of screening, no data are 
available to suggest that high-risk survivors have a more 
rapid rate of deterioration when compared with 
moderate-risk and low-risk survivors. However, in view 
of the higher prevalence of asymptomatic disease in 
high-risk survivors, more frequent surveillance is 
reasonable for high-risk patients, and might be 
reasonable for moderate and low-risk survivors. No data 
seem to support the increased risk of deterioration in 
cardiac function during the pubertal growth spurt.

During pregnancy, plasma volume increases by up to 
50%, beginning soon after gestation, peaking at 

Figure !: Harmonised recommendations for cardiomyopathy surveillance for 
survivors of childhood cancer
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Figure ": Risk of cardiomyopathy and congestive heart failure by cumulative 
lifetime anthracycline (A and B) and radiotherapy dose (C)
(A) Dose-response relations between cumulative anthracycline exposure and 
risk of cardiomyopathy. Patients with no exposure to anthracyclines served as 
the reference group. Magnitude of risk is expressed as odds ratio, which was 
obtained using conditional logistic regression adjusting for age at diagnosis, sex, 
and chest radiation.27 (B, C) Association between cumulative anthracycline dose 
and hazard ratio, and cumulative radiotherapy dose and hazard ratio (in 
equivalent 2 Gy fractions) for congestive heart failure, based on the Cox model 
that also included sex, age at diagnosis, cisplatin, vincristine, cyclophosphamide, 
ifosfamide, and congenital heart disease. No cardiotoxic treatment (dose=0) 
was the reference value. For cardiac events, e! ect of anthracycline dose is shown 
for zero irradiation dose and e! ect of irradiation dose is shown for zero dose of 
anthracycline.26 The shaded colorized background areas refer to the 95% CIs.
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Dose-dependent

Armenian et al. Lancet Oncology 2015
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Subclinical echocardiographic changes after anthracyclines
…the rule rather than the exception..

Echocardiogram

Cardiac MRI

Jordan JH et al. Circ Cardiovasc Imaging. 2014;7:872-879

65 patients with breast cancer or 
hematologic malignancy

Ejection 
Fraction

Ejection 
Fraction

Willis MS et al. Circ HF. 2019

53 patients with breast cancer
Mean doxorubicin dose 240 mg/m2

Months of follow-up
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ft 
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s 

(g
)

Slope = -1.11 g/month
(p = 0.04)

n = 70
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Monitoring for Cardiac Toxicity
Cardiac imaging

Echocardiography Diastolic dysfunction 25-97% (may predict late toxicity?)
Nuclear imaging (MUGA) – simple %, still somewhat subjective
Cardiac MRI – most accurate quantitation, T1-weighted imaging

Davis and Witteles; Semin Oncol 2013
Colombo et al Curr Treat Opin Cardiovasc Med 2013Cardinale et al. Circulation, 2004.

Cardiac biomarkers
Natriuretic peptides: BNP; NT-proBNP; atrial natriuretic peptide

Troponins; more specific than NPs? Predictive? 
…Not ready for routine use

21
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Early initiation of ACE inhibitor and beta-blocker 
increases chance of cardiac recovery

Cardinale, D. et al. J. Am. Coll. Cardiol. 55, 213–220 (2010)

1. Most cardiotoxicity is evident within the first year
2. Some cardiotoxicity reverses spontaneously
3. The chances of reversal increase with medical therapy

22
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General recommendations Survivors treated with anthracyclines or chest radiation or both and their healthcare providers should be aware of the risk of cardiomyopathy

Who needs cardiomyopathy surveillance?

Cardiomyopathy surveillance is reasonable for survivors treated with moderate dose (!100 to <250 mg/m2) anthracyclines

Screening for modifiable cardiovascular risk factors (hypertension, diabetes, dyslipidaemia, and obesity) is recommended for all survivors treated with 
anthracyclines or chest radiation so that necessary interventions can be initiated to help avert the risk of symptomatic cardiomyopathy

Patients treated with anthracyclines

Patients treated with chest radiation

Cardiomyopathy surveillance may be reasonable for survivors treated with moderate dose (!15 to <35 Gy) chest radiation

Cardiomyopathy surveillance is recommended for survivors treated with moderate to high dose anthracyclines (!100 mg/m2) and moderate to 
high dose chest radiation (!15 Gy)

What surveillance modality should be used?

Radionuclide angiography or cardiac MRI may be reasonable for cardiomyopathy surveillance in at-risk survivors for whom echocardiography is 
not technically feasible or optimal
Assessment of cardiac blood biomarkers (eg, natriuretic peptides) in conjunction with imaging studies may be reasonablein instances where 
symptomatic cardiomyopathy is strongly suspected or in individuals who have borderline cardiac function during primary surveillance

Patients treated with anthracyclines 
+ chest radiation

At what frequency should surveillance be 
performed for high risk survivors?

Cardiomyopathy surveillance is recommended for high risk survivors to begin no later than 2 years after completion of cardiotoxic therapy, 
repeated at 5 years after diagnosis and continued every 5 years thereafter

At what frequency should surveillance be 
performed for moderate or low 
risk survivors?

More frequent cardiomyopathy surveillance may be reasonable for moderate and low risk survivors
Lifelong cardiomyopathy surveillance may be reasonable for moderate and low risk survivors

At what frequency should surveillance be 
performed for survivors who are pregnant 
or planning to become pregnant?

Cardiomyopathy surveillance is reasonable before pregnancy or in the first trimester for all female survivors treated with anthracyclines or chest radiation

What should be done when abnormalities 
are identified?

Cardiology consultation is recommended for survivors with asymptomatic cardiomyopathy following treatment with anthracyclines or chest radiation

What advice should be given regarding 
physical activity and other modifiable 
cardiovascular risk factors?

Strong recommendation, with a low degree of uncertainty (high quality evidence)
Moderate level recommendation (moderate quality evidence)

Cardiomyopathy surveillance is recommended for survivors treated with high dose (!250 mg/m2) anthracyclines

Cardiomyopathy surveillance may be reasonable for survivors treated with low dose (<100 mg/m2) anthracyclines

Cardiomyopathy surveillance is recommended for survivors treated with high dose (!35 Gy) chest radiation

No recommendation can be formulated for cardiomyopathy surveillance for survivors treated with low dose (<15 Gy) chest radiation with 
conventional fractionation

Assessment of cardiac blood biomarkers is not recommended as the only strategy for cardiomyopathy surveillance in at-risk survivors

Echocardiography is recommended as the primary cardiomyopathy surveillance modality for assessment of left ventricular systolic function in 
survivors treated with anthracyclines or chest radiation

Regular exercise, as recommended by the AHA and ESC, o"ers potential benefits to survivors treated with anthracyclines or chest radiation
Regular exercise is recommended for survivors treated with anthracyclines or chest radiation who have normal left ventricular systolic function
Cardiology consultation is recommended for survivors with asymptomatic cardiomyopathy to define limits and precautions for exercise

Cardiology consultation may be reasonable for high risk survivors who plan to participate in high intensity exercise to define limits and precautions for 
physical activity

More frequent cardiomyopathy surveillance is reasonable for high risk survivors

No recommendations can be formulated for the frequency of ongoing surveillance in pregnant survivors who have normal left ventricular systolic 
function immediately before or during the first trimester of pregnancy

Cardiomyopathy surveillance is reasonable for moderate and low risk survivors to begin no later than 2 years after completion of cardiotoxic 
therapy, repeated at 5 years after diagnosis and continue every 5 years thereafter

Moderate level recommendation (weak quality evidence)
Recommendation against a particular intervention, with harms outweighing benefits

Lifelong cardiomyopathy surveillance may be reasonable for high risk survivors

> 250 mg/m2 anthracycline

SURVEILLANCE
FOR SURVIVORS

> 35 Gy chest radiation

Echocardiogram within 2 
years, then every 5 years

Exercise

Screen for comorbidities

International Late Effects of Childhood Cancer 
Guideline Harmonization. Lancet Oncology 2015
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The unexpected cardiotoxicity of trastuzumab
An early model of toxicity from “targeted therapies”

Lancet Oncology 2009:; 10(12) 1179-87

Trastuzumab (Herceptin) 
is a humanized 

monoclonal antibody 
against HER2

HER2 (erbB2) oncogene 
overexpression promotes 
tumor cell proliferation in 
15-20% of breast cancers

HER2
receptor

Trastuzumab revolutionized breast cancer treatment. In early RCTs, 
HER2+ patients had a 30-40% reduction in mortality with trastuzumab.

24
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The unexpected cardiotoxicity of trastuzumab

Force et al. Nat Rev Cancer 2007. 7: 332-344

The mechanism of 
toxicity is not entirely 

known, but likely 
involves disabling of 
beneficial cross-talk 
between endothelial 

cells and myocytes via 
neuregulin (NRG).

Cardiotoxicity occurs in 3-27% of patients treated with trastuzumab
² Not dose-dependent 
² Usually reversible and asymptomatic decline in EF
² Risk factors: age, comorbidities, concomitant anthracycline use 

Neuregulin (NRG1) released from endothelial 
cells binds ERBB receptors on cardiomyocytes

25

ACE Inhibitor or β-Blocker with Trastuzumab?
A primary prevention trial

Primary outcome (decrease in LVEF >10%): 
Lisinopril 30% vs carvedilol 29% vs placebo 32% (p > NS)

Trastuzumab
(n=468)

(+) Anthracycline
(n=189)

ACEI
37%

Placebo
47%

β-blocker
31%

(-) Anthracycline
(n=279)

ACEI
28%

Placebo
25%

β-blocker
22%

HR 0.53, 95% CI 0.30-0.94 
p = 0.015

HR 0.49, 95% CI 0.27-0.89
p = 0.009

J Am Coll Cardiol 2019; 73:2859-2868

No risk reduction

26

Groarke…Cheng, Moslehi. Medical Clinics of North America, 2012.

Conclusion: Monitor every 3 months. Continue trastuzumab and start ACEi or 
beta-blocker if EF declines (but remains > 40% and patient is asymptomatic)

27
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Endocrine therapy
Risk for arterial (coronary, cerebral) events

Annals of Oncology, Volume 28, Issue 3, March 2017, Pages 487–496

Meta-analysis of 19 RCTs (62,345 patients):
1. Aromatase inhibitors vs. tamoxifen: RR 1.19 (1.07-1.34)
2. AI’s vs. placebo: RR 1.01

28

BMJ 2018;363:k3845

Endocrine therapy
Risk for venous thromboembolic (DVT, PE) events

Risk for VTE likely is greater with tamoxifen than AI’s

29

Moslehi JJ N Engl J Med 2016;375:1457-67

Other targeted cancer therapies
VEGF signaling pathway: “on-target CV toxicity”  

Tumors require angiogenesis to proliferate.  Targeted therapies block angiogenesis 
by blocking the effects of VEGF, which decreases NO bioavailability.  Hypertension is 

a frequent response, due to the importance of NO to endothelial function.

n engl j med 375;15 nejm.org October 13, 20161458

T h e  n e w  e ngl a nd  j o u r na l  o f  m e dic i n e

Figure!1.!Targeting!of!Kinases!and!VEGF!Signaling!Pathways!for!Cancer!Therapy.

Aberrant activation of kinases plays a critical role in the pathogenesis of cancer and has stimulated efforts to develop kinase inhibitors for 
therapy (Panel A). Kinase inhibition can be achieved by targeting the ligand or the receptor kinase, usually by means of a monoclonal anti-
body (mAb) that is given as an intravenous infusion. Alternatively, small-molecule inhibitors, which are taken orally, work intracellularly and 
can inhibit one or more kinases, including receptor kinases and nonreceptor kinases (usually serine–threonine kinases). Monoclonal anti-
bodies can also be covalently attached to other chemotherapy or radionuclides. Tumor hypoxia, which is usually achieved through the stabi-
lization and activation of master transcription factor (hypoxia-inducible factor [HIF] in the tumor) leads to the transcription and secretion 
of several secreted factors that include vascular endothelial growth factor (VEGF) and platelet-derived growth factor (PDGF) that promote 
angiogenesis (Panel B). The mammalian family of VEGF genes consists of five glycoproteins that bind and activate three structurally related 
receptor tyrosine kinases and has been a major focus of kinase-directed therapy in cancer. VEGF-targeted therapies include a monoclonal 
antibody or ligand trap that binds circulating VEGFA, a monoclonal antibody that targets VEGF receptor 2 (VEGFR2), and multitargeted tyro-
sine kinase inhibitors that target VEGF receptors, along with receptor tyrosine kinases, such as KIT and PDGFR.
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Toxicity from other targeted therapies
Kinase Inhibitors in the treatment of Renal Cell CA (and others)

JCHF. 2013;1(1):72-78

Hypertension is most common, but low EF occurs in 4-15%

Any CV toxicity
Hypertension
Non-HTN toxicity
Elevated proBNP
Decreased LVEF

31

Hypertension with VEGF (VSP) inhibitors
ESC position paper 

disqualify a patient from treatment due to baseline CVD, although
cancer therapy might be lifesaving, or administer treatment and
wait until signs of cardiac injury.313 The latter strategy requires reli-
able and sensitive methods for the early detection of cardiac tox-
icity, which still remain to be defined, and effective strategies to
mitigate potential cardiac injury.85 Indeed, there is an urgent need
for more validated data to optimally manage and support patients
at risk of cardiovascular complications and exacerbation of cardiac
disease during the course of cancer treatment.

One of the most important unresolved issues is the choice
between a primary vs. secondary prevention strategy.6 It is still
unclear whether primary prevention is only relevant in patients
at highest cardiovascular risk or when using therapy with a high
cardiotoxic potential. Data on the prevalence and severity of clin-
ically relevant cardiotoxicity are generally disease and treatment
specific and are lacking for many clinical situations. For instance,
a young patient with breast cancer without cardiovascular risk
factors is unlikely to benefit from primary prevention during
most breast cancer treatment, whereas an elderly patient with
lymphoma would likely benefit from cardioprotection during an-
thracycline therapy. Therefore, it is also unclear whether a
primary protection strategy is justified and cost effective in low-
risk populations. The existing evidence supporting cardiovascular
preventive strategies in cardio-oncology is only suggestive
and requires further validation.37,230,248,314 With the encouraging
trend of the steadily improving survival rate for childhood cancer
survivors, there is an increasing responsibility to identify patients
with adverse health outcomes related to past cancer treatments.

While primary prevention of cardiotoxicity is still in the research
domain, secondary prevention has already entered clinical practice
guidelines despite persistent unresolved questions.287 There is
some evidence that good control of common cardiovascular risk
factors at initiation of chemotherapy mitigates the cardiovascular
consequences of cancer treatment in patients with a history of
hypertension, diabetes and HF.83,117 Prospectively validated criteria
of early cardiotoxicity, which would be representative of late mor-
bidity and mortality, are needed. The sensitivity of the current ap-
proach based on serial assessment of LVEF is insufficient.304 The
combined biomarker and imaging approach also suffers from a set
of limitations.101 Several circulating biomarkers (troponin I and
BNP or NT-proBNP) have been identified as useful for the early de-
tection of myocardial dysfunction and overt HF related to cancer
therapies.88,89,113,315 However, conclusive data are needed to estab-
lish whether biomarkers reliably predict clinically relevant late con-
sequences of cancer treatment. The effect of interrupting cancer
therapy remains to be determined, but should not be taken lightly,
as there are examples in general of interruptions or incomplete
treatment courses having an adverse effect on optimal cancer treat-
ment outcomes.

All of these challenges call for further concerted research. At this
stage, large, properly designed comprehensive trials could provide
answers to several of the above questions. As an example, primary
prevention could be compared with careful observation in which
secondary prevention measures would be triggered by a reduction
in LVEF or a significant increase in a cardiac biomarker.302 Concomi-
tant biobanking of blood samples, not only for testing cardiac bio-
marker levels, but also for genetic and epigenetic characterization

of patients, could provide future means to differentiate patients
who are particularly susceptible or resistant to cardiotoxicity
from a specific cancer treatment.

A strategy that could better stratify risk would identify patients in
which primary prevention or secondary prevention would be the
most beneficial. To succeed, there is a need for

† Refining the predisposing factors for the development of CVD
related to cancer treatment,

† Evaluating the rate of subclinical LV dysfunction and its transition
to overt HF,

† Defining the most reliable cardiac monitoring approach and
† Determining the clinical effect and outcome (in terms of morbid-

ity and mortality) after cancer therapy.

All of these actions are in concert with the aims of the recently
launched EACVI/Heart Failure Association Cardiac Oncology
Toxicity (COT) registry.316

Comparing clinically relevant outcomes with genetic, epigenetic,
biomarker and imaging characteristics assessed at baseline and dur-
ing active cancer treatment could provide data that would allow the
construction of true evidence-based strategies and open a new era
in cardio-oncology. The medical, social, ethical and economic rele-
vance of such a trial would be convincing for public and European
granting agencies. One of the important goals of this position paper
is to catalyse such initiatives. The alliance between oncologists and
cardiologists should also act as a lobby for introducing the analysis of
early and late cardiovascular side effects of new cancer drugs into
clinical trials, especially for patients with childhood cancer who
are at increased risk of chronic medical problems concerning the
vascular system. Innovative pharmaceutical companies should rec-
ognize that the time when cardiovascular safety will determine
the choice of personalized cancer treatment, with all the economic
and marketing implications of such an approach, is just around the
corner.75

6. Appendix

Supplementary Table Most recent reviews and
meta-analyses on the incidence of hypertension with
major VEGF inhibitor treatment

Drug Number 
of 

studies 
included

Number 
of 

patients

Incidence 
of all 

grades of 
HTN, %

Incidence 
of stage 

3-4 HTN, 
%

Bevacizumab165 20 6754 23.6 7.9

Sunitinib167 13 4999 21.6 6.8

Sorafenib168 13 2492 15.3 4.4

Axitinib169 10 1908 40.1 13.1

Vandetanib170 11 3154 24.2 6.8

Regorafenib171 5 750 44.4 12.5

HTN ! hypertension; VEGF ! vascular endothelial growth factor.
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2.1.1.7 Radiotherapy
The actual incidence of radiation-induced cardiotoxicity is difficult
to evaluate for several reasons. These include the long delay be-
tween exposure and clinical manifestation of heart disease, the
use of concomitant cardiotoxic chemotherapy, continuous im-
provements in radiation techniques and changes in the treated
population and failure to attribute cardiac disease to previous radio-
therapy despite increasing awareness of cardiovascular physicians of
its long-term side effects. Some studies found a relative risk of fatal
cardiovascular events between 2.2 and 12.7 in survivors of Hodgkin
lymphoma and between 1 and 2.2 in patients with breast cancer.80,81

The absolute excess risk of mortality ranges from 9.3 to 28 per 10 000
person-years of follow-up.80 Among survivors, the risk of HF was
increased 4.9-fold.81 In patients with breast cancer treated in the
era 1980–2000, the risk of cardiotoxicity was highest in patients
treated with both left breast radiotherapy and cardiotoxic chemo-
therapy, suggesting a synergistic effect on cardiac risk.82 Marked
interstitial myocardial fibrosis is common in radiotherapy-induced
cardiotoxicity, with lesions of variable volumes and distribution.80

In 1820 adult survivors of childhood cancer (median age 31 years;
median time from diagnosis 23 years) exposed to anthracycline
chemotherapy (n ! 1050), chest-directed radiotherapy (n ! 306)
or both (n ! 464), 22% of survivors exposed to radiotherapy alone
had evidence of diastolic dysfunction and 27.4% showed reduced

exercise capacity (,490 m 6-min walk).83 Systolic dysfunction is
generally observed when radiotherapy is combined with anthracy-
clines. HF may also be aggravated by concomitant radiation-induced
valvular heart disease (VHD) and CAD, and can evolve over years.

2.1.2 Diagnostic and therapeutic management
2.1.2.1 Screening, risk stratification and early detection strategies
The first step to identify patients at increased risk for cardiotoxicity
consists of a careful baseline assessment of cardiovascular risk factors
(Table 4). A limited number of studies have generated risk scores for
different oncology patient cohorts.39,84 However, none of these risk
scores has been validated prospectively, and clinical judgement is re-
quired when evaluating the risk at an individual level. Risk assessment
should include clinical history and examination and baseline measure-
ment of cardiac function. Cardiac biomarkers (natriuretic peptides or
troponins) may be considered in addition, preferably using the same
assay that will be used during follow-up measurements, to increase
comparability. It is critical to detect subclinical cardiac abnormalities,
which may influence clinical decisions regarding the choice of chemo-
therapy, indication for cardioprotection or increased surveillance
frequency (e.g. asymptomatic LV dysfunction). Finally, baseline assess-
ment of cardiovascular risk factors allows appropriate interpretation
of subsequent results/changes during regular monitoring. Baseline risk

Table 3 Factors associated with risk of cardiotoxicity
following anti-HER2 compounds and VEGF
inhibitors70 –72

Agent Risk factors

Anti-HER2 compounds

- Antibodies
  - Trastuzumab
  - Pertuzumab
  - T-DM1 

- Tyrosine kinase inhibitor
  - Lapatinib

• Previous or concomitant 
 anthracycline treatment (short time 
 between anthracycline and anti-HER2  
 treatment)
• Age (>65 years)
• High BMI >30 kg/mg2

• Previous LV dysfunction
• Arterial hypertension
• Previous radiation therapy

VEGF inhibitors

- Antibodies
  - Bevacizumab
  - Ramucirumab

 or left side VHD (e.g. mitral  
 regurgitation), chronic ischaemic 
 cardiomyopathy
• Previous anthracycline

- Tyrosine kinase inhibitors
  - Sunitinib
  - Pazopanib
  - Axitinib
  - Neratinib
  - Afatinib
  - Sorafenib
  - Dasatinib

• Arterial hypertension
• Pre-existing cardiac disease  

Pre-existing HF, significant CAD

BMI ! body mass index; CAD ! coronary artery disease; HER2 ! human
epidermal growth factor receptor 2; HF ! heart failure; MI ! myocardial
infarction; VEGF ! vascular endothelial growth factor; VHD ! valvular heart
disease.

Table 4 Baseline risk factors for cardiotoxicity

Current myocardial disease Demographic and other 
CV risk factors

• Heart failure (with either preserved 
 or reduced ejection fraction)
• Asymptomatic LV dysfunction 
 (LVEF <50% or high natriuretic  
 peptidea)
• Evidence of CAD  (previous 
 myocardial infarction, angina, PCI or 
 CABG, myocardial ischaemia)
• Moderate and severe VHD with 
 LVH or LV impairment
• Hypertensive heart disease with 
 LV hypertrophy 
• Hypertrophic cardiomyopathy
• Dilated cardiomyopathy
• Restrictive cardiomyopathy
• Cardiac sarcoidosis with myocardial 
 involvement
• 
 (e.g. AF, ventricular tachyarrhythmias)

• Age (paediatric population 
 <18 years; >50 years for 
 trastuzumab; >65 years for 
 anthracyclines)   
• Family history of premature  
 CV disease (<50 years)
• Arterial hypertension
• Diabetes mellitus
• Hypercholesterolaemia

Previous cardiotoxic cancer 
treatment

Lifestyle risk factors

• Prior anthracycline use
• Prior radiotherapy to chest or 
 mediastinum

• Smoking
• High alcohol intake
• Obesity
• Sedentary habit 

Significant cardiac arrhythmias

AF ! atrial fibrillation; CABG ! coronary artery bypass graft; CAD ! coronary
artery disease; CV ! cardiovascular; LV ! left ventricular; LVEF ! left ventricular
ejection fraction; LVH ! left ventricular hypertrophy; VHD ! valvular heart
disease.
aB-type natriuretic peptide .100pg/ml or N-terminal pro-B-type natriuretic
peptide .400pg/ml with no alternative cause.

2775ESC CPG Position Paper

D
ow

nloaded from
 https://academ

ic.oup.com
/eurheartj/article-abstract/37/36/2768/2197413 by U

niversity of N
orth C

arolina at C
hapel H

ill user on 12 February 2020

32

Li et al. JACC 2015

VSP 
Inhibitor 

HTN 
Risk

33



UNC Lineberger Cancer Network Presented on December 15, 2021

For Educational Use Only 12

Expert Opinion on Drug Safety 2015, 14, 253-267

Multiple mechanisms of KI cardiotoxicity
Direct myocardial effects and indirect effects from vasculature

Multitargeted kinase inhibitors (e.g. sunitinib and sorafenib) target both PDGFR and VEGFR
PDGFRs and VEGFRs both are protective in cardiomyocytes

34

CV toxicities of checkpoint inhibitors
Relatively rare but potentially fatal

Cardiovascular Research, Volume 115, Issue 5, 15 April 2019, Pages 854–868
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CV toxicities of checkpoint inhibitors
Myocarditis: clonal expansion of lymphocytes

Cardiovascular Research, Volume 115, Issue 5, 15 April 2019, Pages 854–868

CD3 CD68

Skeletal muscle Melanoma

Heart

36



UNC Lineberger Cancer Network Presented on December 15, 2021

For Educational Use Only 13

ICI Myocarditis: Rare but potentially fatal
Higher risk in (older) women?

Notably, myasthenia gravis also co-occurred in ! ("#% ) of !$
myocarditis cases; other co-occurring events appeared
sporadic."% Neurologic events were most commonly encepha-
litis and myasthenia gravis. Infrequent deaths were observed
across all regimens from dermatologic (eg, toxic epidermal
necrolysis; ".!%), hematologic (hemophagocytic lymphohis-
tiocytosis, hemolytic anemia, idiopathic thrombocytopenic
purpura; &%), and endocrine toxic effects (hypophysitis,
adrenal insufficiency; !.!%).

We noted increased reporting of fatal toxic effects over
time. The absolute numbers of anti–PD-"/PD-L" and combina-
tion therapy deaths increased substantially, with more than
'!% of all deaths occurring in $#"( and January, $#"%
(Figure "B). The types of fatal toxic effects were largely stable
over time, although myocarditis increased with all regimens
(eFigure " in the Supplement).

To determine the risk of fatality associated with particu-
lar toxic effects, we assessed fatality rates for different classes
of toxic effects (Figure "C). Myocarditis appeared to present the
highest risk of death, with !$ (&).(%) deaths among "&" cases.
Pneumonitis, hepatitis, myositis, nephritis, neurologic, and
hematologic toxic effects all had fatalities in "#% to "(% of
reported cases. Hypophysitis, adrenal insufficiency, and coli-
tis had the lowest reported fatality rates ($%, &.(%, and !%,
respectively).

Multicenter Analysis
To probe deeper into the clinical characteristics of fatal irAEs,
we reviewed all patients treated with ICIs from ( interna-
tional academic centers. Among &!*! patients (&$$% [)"%]
with melanoma), we observed $" (#.!)%) fatal irAEs. These
occurred in ( patients treated with ipilimumab, ) treated with
anti–PD-", and ! treated with combined PD-"/CTLA-* block-
ade (eTable & in the Supplement). Nineteen of $" patients
had melanoma or other malignant skin cancers (n = $); the
median age was ($ years (range, &(-%* years). Comorbidities
were typical of an elderly population, including "$ with
hypertension and ' with other cardiac conditions; $ patients
had preexisting autoimmune disease (Graves disease).
Patients who died of toxic effects were older than those
without fatal toxic effects (median, (# vs '$ years; absolute
difference, %; P = .##)) with similar sex distribution (!(% vs
'#% male; +$ = #.#); P = .(().

Fatal toxic effects in these $" patients included myocardi-
tis (n = '; including & with concurrent myositis), neurologic
toxic effects (n = !), colitis/enteritis (n = '), and hepatitis (n = !).
Nine patients had more than " concurrent irAE, including
myocarditis and myositis (n = &), myocarditis and undiag-
nosed neurologic deterioration (n = "), neurologic deteriora-
tion and colitis (n = "), colitis and dermatitis (n = "), enteritis
and pure red cell aplasia (n = "), and systemic multiorgan
inflammation and hypophysitis (n = $). Two unique patients
who previously received organ transplants (allogeneic stem cell
and renal transplants) died of hepatic failure following " dose
of single-agent anti–PD-".

The median time to irAE onset was "! days following treat-
ment initiation (range, &-!*& days), including "" (!$%) cases
within $# days. The median time from symptom onset to death

Figure1.ClinicalCharacteristicsofFatalImmune-RelatedAdverseEvents(irAEs)
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A, Overlap of co-occurring fatal irAEs including colitis, pneumonitis, hepatitis,
cardiac, and neuromuscular. B, Number of fatal irAEsreported by year and by
immune checkpoint inhibitor regimen. C, Number of cases (light blue) and
fatality rate (dark blue) for each class of toxic effect.
a Other group also contains: 14 patients with 2 other irAEs, 11 patients with a catego-

rized irAE and 2 other irAEs, 3 patients with 3 other irAEs, 2 patients with 2 catego-
rized irAEs and 2 other irAEs, 1 patient with 1 categorized irAE and 4 other irAEs.

b Includes myasthenia gravis, myositis, and Guillain-Barre syndrome. All other
concurrent irAEs (eg, noncardiac) are reflected in the Other group.

c Includes 3905 total cases.
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nificantly higher in female patients (OR, !."#; "$% CI, !.#%-
#."&; P = .''%) and patients &$ years or older (OR, &.(!; "$%
CI, %.#"-!).$'; P < .''!). In addition, the combination of ICIs
(ipilimumab and nivolumab) was also associated with an in-
creased risk of myocarditis (OR, !."); "$% CI, !.!"-).!#;
P = .''*).

Discussion | Our findings suggest that careful monitoring of ICI-
related myocarditis is warranted for populations regarded as
low-risk for general myocarditis,) such as female patients and
patients &$ years or older. A limitation of the present study is
that the FAERS database is a self-reporting database that may
include reporting bias and inaccurate reports. In addition,
FAERS provides limited information regarding prior diseases,
cancer type, and treatment history. Therefore, it is inappro-
priate to compare the risks of myocarditis among different ICIs
based on the results of present study. In addition, the imbal-
ance between # groups of irAE risk factors, such as autoim-
mune disease,% may have contributed to the increased risk of
ICI-related myocarditis in female patients and patients &$ years
or older.

In previous randomized clinical trials, target patients
included relatively healthy elderly patients, in contrast to
those in the FAERS database, which might explain the
increased risk of ICI-related myocarditis in this population. In
addition, the sex differences on irAE outcomes remain con-
troversial, and therefore further specific studies of this asso-
ciation are needed.$,( Nevertheless, the FAERS database
enables rapid risk assessment, and the present results are
useful for improved management of ICI-related myocarditis
in clinical practice as well as provide helpful information for
detailed future investigations.
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Table 2. Multivariate Logistic Analysis of Patients With Myocarditisa

Characteristic Total Cases, No.

Cases of
Myocar-
ditis

Proportion of Myocarditis
(95% CI)

Odds Ratio (95% CI)

P ValuebCrude Adjusted
Sex

Male 748 314 533 0.071 (0.065-0.078) 1 [Reference] 1 [Reference]

Female 1 199 488 370 0.031 (0.028-0.034) 0.43 (0.38-0.49) 0.44 (0.38-0.51) <.001

Not reported 31 355 11 0.035 (0.018-0.063) 0.49 (0.27-0.89) 0.42 (0.21-0.84) .01

Age, y

<75 1 652 576 857 0.052 (0.048-0.055) 1 [Reference] 1 [Reference]

!75 326 581 57 0.017 (0.013-0.023) 0.34 (0.26-0.44) 0.19 (0.14-0.28) <.001

ICIs

Nonuser 1 966 061 809 0.041 (0.038-0.044) 1 [Reference] 1 [Reference]

User 13 096 105 0.802 (0.656-0.970) 19.63 (16.01-24.08) 9.66 (7.16-13.05) <.001

ICIsc,d

Female sex 4798 34 0.709 (0.491-0.989) NA 1.92 (1.24-2.97) .004

Age !75 years 2442 26 1.065 (0.697-1.556) NA 7.61 (4.29-13.50) <.001

Concomitant use of
other ICIs

1557 21 1.349 (0.837-2.054) NA 1.93 (1.19-3.12) .008

Abbreviations: ICIs, immune checkpoint inhibitors; NA, not applicable.
a All data analyzed were obtained from the US Food and Drug Administration

Adverse Event Reporting System database.
b Hypothesis tests were 2-sided, and statistical significance was set at a P value

<.05. P values were calculated by multiple logistic regression analysis

c Interaction between each factor and myocarditis.
d The imbalance between any 2 groups of comorbidity, cancer type, and

concurrent drugs may have affected the increased risk of ICI-related
myocarditis in female patients and patients 75 years or older.

Letters
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Incidence likely < 1%
Case fatality approaches 40%
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ICI myocarditis: diagnosis
Maintain a high index of suspicion despite low frequency

Circulation 2019. Volume: 140, Issue: 1, Pages: 80-91
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Diffuse ST segment elevations
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ICI myocarditis: treatment
Warning: evidence-free zone

The rate of serious adverse cardiovascular
events was high among patients who developed
ICI-associated myocarditis. In our registry, incidence
of grade 4 or 5 cardiovascular adverse events was
noted in nearly one-half of cases (14). This contrasts
with the low incidence of severe pneumonitis with
anti-PD1 or anti-PDL1 (4% grade 4 or 5) (25), severe
hepatitis with anti-PD1 and anti-CTLA4 as single
agents or in combination (0% to 18% grade 4, no
grade 5) (26–28), and severe diarrhea or colitis with
anti-PD1 (0% grade 4 or 5) (28). The major cardiac
event rate of almost 50% was markedly increased
compared with cases of myocarditis in broad pop-
ulations. For example, among 670 patients admitted
to hospital with myocarditis unrelated to ICI, a
fulminant course was noted in 15% of patients
(29,30). An additional difference is that, in our cohort,
38% of patients who had a fulminant course had a
normal LVEF. This !nding contrasts with studies in
broad populations of patients admitted with fulmi-
nant myocarditis in which all have a markedly
depressed LVEF (29). The implication of this !nding
is that clinicians should not rely on ejection fraction

as a discriminator of severity in ICI-associated
myocarditis. By contrast, we did !nd that the degree
of troponin elevation was useful in determining
adverse cardiac outcomes. Speci!cally, we found that
troponin T >1.5 ng/dl had a 95% speci!city for the
development of MACE. However, there were still 4
(11%) major cardiac events among subjects who had a
troponin below that cutoff.

There is a variation in the reported rates of
myocarditis with ICI-based therapies. However, the
number of cases at 1 of the registry institutions was
compared to the number of individual patients who
received ICI in the same time interval. Overall, just
>1% developed myocarditis after ICI therapy and
approximately 0.5% had a MACE. Anti-PD1 therapy
accounted for nearly all myocarditis cases—1.3% with
pembrolizumab alone, and 0.6% with nivolumab
alone—a rate higher than the 0.4% in a study of 496
patients receiving anti-PD1 therapy (9). The preva-
lence of myocarditis was even higher (2.4%) with
anti-PD1/anti-CTLA4 combined therapy. The trend for
more adverse events with combination therapy has
been reported for noncardiac side effects; for

CENTRAL ILLUSTRATION Algorithm for Work-Up and Management of Immune-Mediated Myocarditis

Patient presenting with new cardiovascular (CV) symptoms

Electrocardiogram (ECG) and troponin test

Outpatient echo 
and NT-proBNP 

testing

New ventricular arrhythmia
or conduction system disease?

Elevated troponin/
abnormal EKG

If indeterminate 
troponin, retest

to eliminate
false result

N Y

Possible myocarditis: Admit patient
Stop ICI therapy; Urgent Cardiology/Cardio-Oncology consult;

Determine whether patient is stable or unstable to dictate treatment

Normal results Elevated results

Patient with acute 
CV symptoms

Patient on immune checkpoint inhibitors (ICI) or prior ICI use

Mahmood, S.S. et al. J Am Coll Cardiol. 2018;71(16):1755–64.

Algorithm based on study !ndings, and institutional experience with 35 cases of ICI-associated myocarditis. CVD ! cardiovascular; ECG ! electrocardiogram;
ICI ! immune checkpoint inhibitors.

Mahmood et al. J A C C V O L . 7 1 , N O . 1 6 , 2 0 1 8

Myocarditis and Immune Checkpoint Inhibitors A P R I L 2 4 , 2 0 1 8 : 1 7 5 5 – 6 4

1762

Treatment:   1. High dose solumedrol 
2. Hemodynamic support as needed
3. Stop the ICI
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catheterization which showed no occlusive coronary
artery disease.

WHAT CAN CAUSE QT PROLONGATION IN CANCER

PATIENTS? Electrolyte abnormalities are common
in cancer patients due to poor oral intake, emesis,
diarrhea, and nephropathy and are an independent
predictor for a worse prognosis (4). Electrolyte-
wasting medications, such as corticosteroids and
diuretics, should be minimized and medications
which can prolong the QTc should be stopped
whenever possible. Many oncologic therapies can
cause QT prolongation. These include arsenic
trioxide, anthracyclines, antimetabolites, tyrosine
kinase inhibitors (TKIs), histone deacetylase in-
hibitors, cyclin-dependent kinase 4/6 inhibitors,
and protein kinase C inhibitors (Table 1). An upda-
ted list of pharmacotherapies that can cause QT
prolongation can be found online (5). There is sig-
ni!cant heterogeneity in the degree of QT prolon-
gation for each of these agents. For example, severe
QTc prolongation (QTc >500 ms) was found in up to
40% of patients receiving arsenic trioxide,
compared to 2.6% of patients receiving vandeta-
nib (1).

The molecular mechanisms by which these cancer
drugs can lead to prolongation of the QTc are multi-
factorial. Arsenic trioxide and TKIs appear to exert
effects on the QTc through interaction with human
Ether-à-go-go-related gene which encodes for a pro-
tein that mediates IKr, a potassium channel protein
regulating repolarization of cardiomyocyte action
potentials (1). Other reported mechanisms include
cardiomyocyte-induced injury involving abnormal
calcium homeostasis, mitochondrial injury, cardiac
apoptosis, and inhibition of phosphatidylinositol
3-kinase (6).

Acquired QTc prolongation may be exacerbated by
simultaneous use of drugs that can inhibit the cyto-
chrome P450 enzyme such as azole antifungals,
macrolides, and certain antivirals. Patients with renal
and liver disease may also cause delayed excretion of
the QT-prolonging medications (1,6). Our patient was
on several medications that could cause QT prolon-
gation both by direct and indirect mechanisms
including ondansetron, promethazine, voriconazole,
moxi"oxacin, and risperidone.

Structural heart disease can also contribute to QT
prolongation. A retrospective analysis of 239 patients
with QT prolongation (>480 ms) found that one-
quarter of the patients with acquired long QT syn-
drome had structural abnormalities. QT prolongation
is thought to be caused by downregulation of potas-
sium currents in hypertrophied and failing hearts (7).

Other non-cardiac systemic conditions, such as
hypothyroidism, have also been associated with QT
prolongation and ventricular arrhythmias in the
setting of electrolyte imbalances or other concurrent
QT prolonging medications. Timely diagnosis and
treatment with thyroid replacement hormone have

TABLE 1 Cancer and Non-Cancer Drugs Known to Cause Prolongation of the QTc

Therapy Drug Type Drug

Cancer therapeutics

Antimetabolites Capecitabine

Anthracyclines Epirubicin

Antimicrotubule agents Paclitaxel

Tyrosine kinase inhibitors Bosutinib

Dasatinib

Lenvatinib*

Nilotinib*

Ponatinib

Vandetanib*

Pazopanib*

Sorafenib/sunitinib

Histone deacetylase inhibitors Panobinostat*

Romidepsin*

Vorinostat*

Proteasome inhibitors Bortezomib

CDK 4/6 inhibitor Ribociclib*

B-Raf inhibitor Vemurafenib*

Other Arsenic trioxide*

Non-cancer agents

Antiarrhythmic drugs Amiodarone

Disopyramide

Dofetilide*

Dronedarone*

Flecainide*

Ibutilide*

Procainamide

Quinidine

Sotalol*

Antibacterial and antifungal drugs Moxi!oxacin*

Levo!oxacin

Cipro!oxacin

Clarithromycin

Erythromycin

Azithromycin

Fluconazole

Pentamidine

Prokinetic and antiemetic drugs Domperidone

Chlorpromazine

Ondansetron*

Droperidol

Antipsychotics Haloperidol*

Thioridazine

Pimozide*

Antidepressants Escitalopram

Citalopram

The medications included in this table have been identi"ed to cause elevations in the QTc. For a more complete
list of these medications, please visit www.crediblemeds.org. *The FDA package insert provides guidance
regarding electrocardiographic monitoring.
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HOW TO

How to Diagnose and Manage
QT Prolongation in Cancer Patients
Peter Y. Kim, MD,a Jorge A. Irizarry-Caro, MD,b Tushar Ramesh, MD,c Cezar Iliescu, MD,a Juan C. Lopez-Mattei, MDa,d

O ver the past 30 years, the development of
ef!cacious treatment regimens has
increased overall survival among cancer

patients. However, many of these treatments can
cause QT prolongation which can lead to life-
threatening arrhythmias. Prolonged QT can lead to a
polymorphic ventricular arrhythmia known as tor-
sades de pointes (TdP) (1). The clinical presentation
can be insidious varying between minimal symptoms
to severe manifestations, including sudden cardiac
death (1).

Patients with cancer are particularly vulnerable to
QT prolongation. In this “How To,” we use a clinical
case to show our approach to the diagnosis and
management of QT prolongation in cancer patients.

CLINICAL CASE

A 66-year-old female with a past medical history
signi!cant for acute myeloid leukemia, prior tran-
sient ischemic attack, hypertension, and hypothy-
roidism presented to the hospital with dizziness and
falls. At the time of presentation, she was noted to
have slurred speech and gait instability. She denied
any loss of consciousness, chest pain, shortness of
breath, or palpitations. Her initial electrocardiogram
(ECG) showed sinus rhythm with frequent premature
ventricular contractions and a QT interval, corrected
for heart rate (QTc) of 487 ms. An ECG 2 months
earlier showed a QTc of 455 ms.

HOW DO WE DIAGNOSE QT PROLONGATION? The
QTc represents the time between ventricular

depolarization and repolarization. On a standard
12-lead ECG, this measurement is usually taken from
limb lead II and precordial lead V5 measuring from
the beginning of the Q wave to the termination of
the T-wave (2). The QT interval adjusts to heart rate
and different formulas have been used to correct the
QT interval. The Bazett (QTcB ! QT/RR1/2) formula
assumes an exponential relationship between the
QT interval and the R to R interval (1). Bazett’s
correction is most useful for heart rates between
60 and 100 beats/min with inaccuracies at slower
(with overcorrection) and faster (with under-
correction) heart rates. The Fridericia formula
(QTcF ! QT/RR1/3) is similar, but has greater accuracy
at faster heart rates. Linear formulas such as the
Framingham (QTcFra ! QT " 0.154 [1 # RR]) and
Hodges (QTcH ! QT " 0.00175 [(60 / RR) # 60]) have
more uniform correction for heart rates above
90 beats/min, but are less commonly used (1).

Although de!nitions vary, prolongation of the QTc
is generally de!ned as a QTc value >450 ms in males
and >460 ms in females (2). The National Cancer
Institute Common Terminology of Clinical Adverse
Events v5.0 classi!es QTc prolongation into 4 grades:
grade 1 (QTc 450 to 480 ms), grade 2 (QTc 481 to
500 ms), grade 3 (QTc >501 ms; >60 ms change from
baseline), and grade 4 (signs/symptoms of serious
arrhythmia and TdP) (3).

Most patients are recommended to obtain a pre-
treatment ECG when they are scheduled to receive a
potential cardiotoxic agent (Figure 1). Continuous
cardiac monitoring in the inpatient setting is
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Trials and Tribulations of Corrected QT Interval
Monitoring in Oncology: Rationale for
a Practice-Changing Standardized Approach
BenyamMuluneh, PharmD1; Daniel R. Richardson, MD, MA Phil1; Charles Hicks, MD1; Brian C. Jensen, MD1; and Joshua F. Zeidner, MD1

One of the principal tasks of an oncologist is to de-
termine whether to administer, reduce the dose, or
hold chemotherapy on the basis of patient charac-
teristics, organ function, and toxicities. These de-
cisions should be justi!ed by clear and unambiguous
clinical evidence. Unfortunately, a 100-year-old dis-
agreement about a formula has led to inconsistent
practice patterns that may ultimately compromise
patient care.

The impetus for this perspective stems from a case
wherein arsenic trioxide (ATO), an agent known to
prolong survival (and the QT interval) was temporarily
discontinued on day 21 of induction therapy in a 44-
year-old female with acute promyelocytic leukemia
(APL) after a routine electrocardiogram (ECG) reported
a QT interval of 400 ms, a heart rate of 95 beats/min,
and a corrected QT (QTc) interval of 503 ms. Was this
potentially curative chemotherapy agent erroneously
held on the basis of an inaccurate QTc measurement?

The QT interval measures the combined duration of
ventricular depolarization and repolarization. The
duration of repolarization inherently varies inversely
with the heart rate. On the basis of this observation and
formulae published separately by Bazett and Fridericia
in 1920, it has become standard practice to apply
a correction formula to the measured interval; this de-
rived value is referred to as the QTc.1 Although nu-
merous other formulae have been proposed over the
years,2 the Bazett and Fridericia formulae became in-
corporated into the computerized ECG interpretation
algorithms and remain in widespread use today. Im-
portant shortcomings of both formulae have been
recognized for years, most notably that the Bazett for-
mula has a strong positive correlation with heart rate that
demonstrably leads to substantially higher QTc values
than other methods. The search for an optimal QT
correction method remains an area of active research.

Widely known is that QT prolongation by genetic
causes, electrolyte abnormalities, or pharmacologic
effects is associated with an increased risk of poten-
tially fatal ventricular arrhythmias. In 2005, the Food
and Drug Administration (FDA) issued guidelines for

industry with regard to the evaluation of QT/QTc
intended to minimize the risk of drug-induced ven-
tricular arrhythmias that result from QT prolongation.
This guidance document speci!cally discouraged the
use of the Bazett formula.3 The 2009 American Heart
Association (AHA)/American College of Cardiology
(ACC)/Heart Rhythm Society (HRS) consensus ECG
guidelines recommended either newer linear re-
gression or power function QTc methods, such as
Framingham or Hodges, in preference to either the
Bazett or the Fridericia formulae for routine monitoring
of the QT interval.1 Furthermore, a comprehensive
analysis of QTc assessment performed in more than
6,000 adults using !ve different calculations (Bazett,
Fridericia, Framingham, Hodges, and Rautaharju)
concluded that the Fridericia and Framingham cor-
rection formulae showed the best rate correction,
whereas Bazett performed the worst because of sig-
ni!cant over- and underestimation of QTc during fast
and slow heart rates, respectively.4 In addition, all QTc
formulae were signi!cantly better predictors of 30-day
all-cause mortality than Bazett, with Framingham
performing the best. These important !ndings suggest
that the Bazett formula does not provide reliable as-
sessment of pro-arrhythmic risk, overestimates the
number of patients with potentially dangerous QTc
prolongation, and can thereby misinform clinical de-
cisions.4 Updated FDA guidelines from 2017 re-assert
the earlier recommendation to avoid the use of the
Bazett formula, although it is stipulated that Frider-
icia’s correction is likely to be appropriate in most
situations, but other methods could be more appro-
priate.5 Of note, these guidelines also address the
primary measurement of the raw QT interval by rec-
ommending either fully manual or manual adjudica-
tion approaches for clinical trials over fully automated
measurements.5

Confusion about QT correction is compounded by FDA
labeling, package inserts, and prescriber information
that often do not stipulate the speci!c QTc calculation
to be used for clinical assessment. For example, the
package insert for ATO, withheld in the aforemen-
tioned patient with APL, recommends holding ATO for
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a QTc greater than 450ms in males and 460ms in females.
The insert does not specify how the QTc should be derived
despite that the Framingham formula was used in the
landmark phase III study of ATO plus all-trans retinoic acid
versus all-trans retinoic acid plus cytotoxic chemotherapy
for newly diagnosed low-risk APL.6 A multitude of other
chemotherapy agents can prolong the QT interval, such as
histone deacetylase inhibitors, tyrosine kinase inhibitors,
and cyclin-dependent kinase 4/6 inhibitors. For example,
nilotinib, aBCR-ABL1 tyrosine kinase inhibitor approved for
chronic myeloid leukemia, has a black box warning for QT
prolongation. Despite that the package insert states that an
ECG should be obtained at baseline and at serial intervals to
assess for QT prolongation with instruction to withhold
nilotinib if the QTc is greater than 480ms, no QTc formula is
speci!ed.

Since 2016, the FDA has approved !ve chemotherapy
agents (gilteritinib, ivosidenib, ribociclib, encorafenib, and
binimetinib) that require periodic QTc monitoring and have
speci!c QTc-based dose reduction/holding parameters.
Of these recently approved agents, only ribociclib’s label
speci!cally states that the Fridericia formula should be
used for QTc monitoring, whereas the other labels are not
speci!c and ambiguously recommend using QTcF in some
sections, while referring to QTc in other sections, of the
label. Which formula does QTcF represent: Framingham or
Fridericia?

The reporting of adverse events in clinical trials also is
affected by this ambiguity. The Common Terminology
Criteria for Adverse Events, the universal standardized
mechanism for assessing and reporting adverse events in
clinical trials, lists a QTc of 501 ms or greater on at least two
separate ECGs as a grade 3 toxicity but similarly lacks
guidance on the speci!c formula to be used.

In current medical practice, providers rely on the output of
automated systems for important clinical data, with sig-
ni!cant implications for patient care. Fully automated ECG
platforms report a raw QT interval and a QTc. Many (if not
most) may not know how the QTc is calculated, and few

likely recognize the discrepant results produced from
various QTc formulae (Table 1). Despite the FDA recom-
mendations and AHA/ACC/HRS guidelines, the Bazett
formula remains the default QT correction method for many
clinical ECG systems (including MUSE [GE Healthcare,
Chicago, IL] used at our institution). In the case example
outlined here, a potentially curative chemotherapy agent
was held because of putative QTc prolongation on the basis
of the Bazett formula despite the QTc interval being within
normal range for Framingham (Table 1). Given today’s
typical clinical work"ows, including de facto reliance on
automated QT interval measurement and correction, it is
likely that similar scenarios take place at other institutions.
Of note, other enterprise ECG systems (Diagnostic ECG
[Philips, Andover, MA], VERITAS [Welch Allyn, Skaneateles
Falls, NY; Mortara Instruments [Milwaukee, WI]) apply non-
Bazett formulae to QTc calculation, and there are ongoing
efforts to improve the accuracy of raw QT measurements.

We are concerned that ongoing widespread and often un-
recognized use of the Bazett formula to guide therapeutic
decision making has compromised the care of patients with
cancer by spuriously limiting access to optimal chemo-
therapy. QT prolongation undoubtedly increases the risk for
potentially fatal ventricular arrhythmias, but the Bazett for-
mula systematically overestimates that risk compared with
both the Fridericia and the Framingham corrections.2

Changes in the clinical and research application of the QTc
are essential to optimize outcomes for patients with cancer.
At a minimum, we need QTc transparency: The method
used for QT correction should be stated clearly in clinical
trials, chemotherapy package inserts, and clinically avail-
able ECG reports. We also suggest that the automated use
of the Bazett formula, as in the GE Healthcare MUSE
platform, should be abandoned. On the basis of the con-
clusions from the comprehensive assessment by Van-
denberk et al4 of QTc formulae, Framingham and Fridericia
both seem to be the most reliable methods of QTc moni-
toring. Although using either criterion over Bazett would
be a signi!cant improvement in the oncology patient

TABLE 1. Comparison of QTc Formulae
QT 5 400 ms, HR 5 75

beats/min
QT 5 400 ms, HR 5 95

beats/min

Normal Range, ms
QTc

Prolongation?
QTc

Prolongation?

QTc Measurement Formula Male Female
Calculated
QTc, ms Male Female

Calculated
QTc, ms Male Female

Bazett QT!!!!!
RR

p 346-472 346-482 447 No No 503 Yes Yes

Framingham QT 1 0.1543 (1 2 RR) 350-449 351-467 431 No No 457 Yes No

Fridericia QT!!!!!
RR3p 349-448 348-468 431 No No 466 Yes No

Hodges QT 1 1.753 (HR2 60) 351-446 348-465 426 No No 461 Yes No

NOTE. From Rautaharju et al.1

Abbreviations: HR, heart rate; QTc, corrected QT.
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Cardiovascular Effects of Targeted Cancer Ther apies

Figure!2.!The!World!of!Cardio-oncology!—!Where!Cancer!and!Cardiovascular!Disease!Meet.

The intersection between cancer and cardiovascular disease extends beyond cardiovascular and cardiometabolic 
toxic effects that are associated with cancer treatment. Cancers themselves may arise from cardiac tissue or directly 
cause cardiovascular diseases. In addition, there is a growing appreciation of common risk factors that predispose 
patients to both cancer and cardiovascular disease, which are by far the two most common causes of death and com-
plications in industrialized countries. This latter concept may have major implications for public health, including 
the health of more than 15 million cancer survivors in the United States alone. A simple “ABCDE” approach, which 
has been proposed to prevent cardiovascular disease in cancer survivors, may have the added benefit of protecting 
patients from the recurrence of cancer.
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Awareness, assessment, aspirin
Blood pressure control
Cholesterol lowering, cigarette cessation
Diet, dose of chemotherapy, diabetes management
Exercise, echocardiography

Prevention strategies (ABCDE approach)
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Primary Prevention with Statins (?!?)

p=0.03

Seicean, et al. J Am Coll Cardiol 2013

HR = 0.3

n = 67

n = 134
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Primary prevention with ACEi and beta-blocker

Bosch, et al. J Am Coll Cardiol 2013

n = 90 patients
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Primary prevention with neurohormonal antagonists
Insufficient data

Kalam, et al. Eur J Cancer 2013

Beta
Blocker

ACEi
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Eur Heart J. 2016 Jun 1; 37(21): 1671–1680.

CANDESARTAN

METOPROLOL

Ejection Fraction

Ejection Fraction

PRADA

MANTICORE

Patients: 99 patients with normal EF taking 
trastuzumab.

Design: Randomized 1:1:1 to bisoprolol, 
perindopril, or placebo during trastuzumab-
based chemotherapy for 24 months. Cardiac 
magnetic resonance imaging parameters 
were assessed at baseline, at 3 months, at 
12 months, and at 24 months

Outcomes: Bisoprolol significantly prevented 
reduction in left-ventricular ejection fraction 
from baseline vs placebo (P = .001) and also 
prevented trastuzumab interruptions due to 
drop in left-ventricular ejection fraction (P = 
.002). Post-treatment left-ventricular 
ejection fraction declined from 61% to 56% 
for placebo, from 62% to 59% for 
perindopril, and from 62% to 61% for 
bisoprolol.

2015 San Antonio Breast Cancer Symposium. Abstract S1-05.
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Brief Report

Summ a r y

Immune checkpoint inhibitors have improved clinical outcomes associated with 
numerous cancers, but high-grade, immune-related adverse events can occur, par-
ticularly with combination immunotherapy. We report the cases of two patients 
with melanoma in whom fatal myocarditis developed after treatment with ipilimu-
mab and nivolumab. In both patients, there was development of myositis with 
rhabdomyolysis, early progressive and refractory cardiac electrical instability, and 
myocarditis with a robust presence of T-cell and macrophage infiltrates. Selective 
clonal T-cell populations infiltrating the myocardium were identical to those pres-
ent in tumors and skeletal muscle. Pharmacovigilance studies show that myocar-
ditis occurred in 0.27% of patients treated with a combination of ipilimumab and 
nivolumab, which suggests that our patients were having a rare, potentially fatal, 
T-cell–driven drug reaction. (Funded by Vanderbilt–Ingram Cancer Center Ambas-
sadors and others.)

Immune checkpoint inhibitors have transformed the treatment 
of several cancers by releasing restrained antitumor immune responses.1 Ipili-
mumab, an anti–cytotoxic T-lymphocyte–associated antigen 4 (CTLA-4) anti-

body, and nivolumab, an anti–programmed death-1 (PD-1) antibody, have indi-
vidually improved survival in patients with melanoma, and early results suggest 
that their combination further enhances antitumor activity and survival.2-5 Other 
adverse events associated with these agents include dermatitis, endocrinopathies, 
colitis, hepatitis, and pneumonitis, which are all thought to arise from aberrant 
activation of autoreactive T cells.6,7 These toxic effects are more frequent and severe 
when ipilimumab and nivolumab are used in combination.4 Here, we report two 
cases of lethal myocarditis accompanied by myositis in patients treated with a 
combination of nivolumab and ipilimumab.
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Summ a r y

Immune checkpoint inhibitors have improved clinical outcomes associated with 
numerous cancers, but high-grade, immune-related adverse events can occur, par-
ticularly with combination immunotherapy. We report the cases of two patients 
with melanoma in whom fatal myocarditis developed after treatment with ipilimu-
mab and nivolumab. In both patients, there was development of myositis with 
rhabdomyolysis, early progressive and refractory cardiac electrical instability, and 
myocarditis with a robust presence of T-cell and macrophage infiltrates. Selective 
clonal T-cell populations infiltrating the myocardium were identical to those pres-
ent in tumors and skeletal muscle. Pharmacovigilance studies show that myocar-
ditis occurred in 0.27% of patients treated with a combination of ipilimumab and 
nivolumab, which suggests that our patients were having a rare, potentially fatal, 
T-cell–driven drug reaction. (Funded by Vanderbilt–Ingram Cancer Center Ambas-
sadors and others.)

Immune checkpoint inhibitors have transformed the treatment 
of several cancers by releasing restrained antitumor immune responses.1 Ipili-
mumab, an anti–cytotoxic T-lymphocyte–associated antigen 4 (CTLA-4) anti-

body, and nivolumab, an anti–programmed death-1 (PD-1) antibody, have indi-
vidually improved survival in patients with melanoma, and early results suggest 
that their combination further enhances antitumor activity and survival.2-5 Other 
adverse events associated with these agents include dermatitis, endocrinopathies, 
colitis, hepatitis, and pneumonitis, which are all thought to arise from aberrant 
activation of autoreactive T cells.6,7 These toxic effects are more frequent and severe 
when ipilimumab and nivolumab are used in combination.4 Here, we report two 
cases of lethal myocarditis accompanied by myositis in patients treated with a 
combination of nivolumab and ipilimumab.
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HPI: 65 year-old woman with metastatic melanoma presents with atypical 
chest pain, dyspnea, and fatigue 12 days after receiving first dose of the 
monoclonal anti-PD1 antibody, nivolumab (1mg/kg), and ipilimumab (3mg/kg), 
a monoclonal anti-CTLA-4 antibody.

Past Medical History: Melanoma, Hypertension. No other cardiac risk factors

Initial laboratory evaluation:
CK 17,720 unit/L
CK-MB > 600 ng/mL
cTnI initial 4.7 ng/mL

subsequent 51.3 ng/mL

ECG: non-specific interventricular conduction delay (not present on prior ECGs)

Echocardiogram: Preserved LV ejection fraction (EF 73%)

50

Hospital Course
Diagnosis: Myocarditis and myositis 

Treatment: Methylprednisolone 2mg/kg/day

Clinical course…
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Immune checkpoint inhibitors have improved clinical outcomes associated with 
numerous cancers, but high-grade, immune-related adverse events can occur, par-
ticularly with combination immunotherapy. We report the cases of two patients 
with melanoma in whom fatal myocarditis developed after treatment with ipilimu-
mab and nivolumab. In both patients, there was development of myositis with 
rhabdomyolysis, early progressive and refractory cardiac electrical instability, and 
myocarditis with a robust presence of T-cell and macrophage infiltrates. Selective 
clonal T-cell populations infiltrating the myocardium were identical to those pres-
ent in tumors and skeletal muscle. Pharmacovigilance studies show that myocar-
ditis occurred in 0.27% of patients treated with a combination of ipilimumab and 
nivolumab, which suggests that our patients were having a rare, potentially fatal, 
T-cell–driven drug reaction. (Funded by Vanderbilt–Ingram Cancer Center Ambas-
sadors and others.)

Immune checkpoint inhibitors have transformed the treatment 
of several cancers by releasing restrained antitumor immune responses.1 Ipili-
mumab, an anti–cytotoxic T-lymphocyte–associated antigen 4 (CTLA-4) anti-

body, and nivolumab, an anti–programmed death-1 (PD-1) antibody, have indi-
vidually improved survival in patients with melanoma, and early results suggest 
that their combination further enhances antitumor activity and survival.2-5 Other 
adverse events associated with these agents include dermatitis, endocrinopathies, 
colitis, hepatitis, and pneumonitis, which are all thought to arise from aberrant 
activation of autoreactive T cells.6,7 These toxic effects are more frequent and severe 
when ipilimumab and nivolumab are used in combination.4 Here, we report two 
cases of lethal myocarditis accompanied by myositis in patients treated with a 
combination of nivolumab and ipilimumab.
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Ventricular arrhythmias

Clinical course: Despite treatment, her course was characterized by multisystem organ 
failure and refractory ventricular arrhythmias, leading to death.
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Summ a r y

Immune checkpoint inhibitors have improved clinical outcomes associated with 
numerous cancers, but high-grade, immune-related adverse events can occur, par-
ticularly with combination immunotherapy. We report the cases of two patients 
with melanoma in whom fatal myocarditis developed after treatment with ipilimu-
mab and nivolumab. In both patients, there was development of myositis with 
rhabdomyolysis, early progressive and refractory cardiac electrical instability, and 
myocarditis with a robust presence of T-cell and macrophage infiltrates. Selective 
clonal T-cell populations infiltrating the myocardium were identical to those pres-
ent in tumors and skeletal muscle. Pharmacovigilance studies show that myocar-
ditis occurred in 0.27% of patients treated with a combination of ipilimumab and 
nivolumab, which suggests that our patients were having a rare, potentially fatal, 
T-cell–driven drug reaction. (Funded by Vanderbilt–Ingram Cancer Center Ambas-
sadors and others.)

Immune checkpoint inhibitors have transformed the treatment 
of several cancers by releasing restrained antitumor immune responses.1 Ipili-
mumab, an anti–cytotoxic T-lymphocyte–associated antigen 4 (CTLA-4) anti-

body, and nivolumab, an anti–programmed death-1 (PD-1) antibody, have indi-
vidually improved survival in patients with melanoma, and early results suggest 
that their combination further enhances antitumor activity and survival.2-5 Other 
adverse events associated with these agents include dermatitis, endocrinopathies, 
colitis, hepatitis, and pneumonitis, which are all thought to arise from aberrant 
activation of autoreactive T cells.6,7 These toxic effects are more frequent and severe 
when ipilimumab and nivolumab are used in combination.4 Here, we report two 
cases of lethal myocarditis accompanied by myositis in patients treated with a 
combination of nivolumab and ipilimumab.
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was the only agent used (0.24% vs. 0.15%) (Ta-
ble 1). No obvious cardiac-specific or cancer-
specific clinical features predisposed patients to 
these severe adverse events (Table S1 in the Sup-
plementary Appendix). These events were record-
ed by investigators in reports to Bristol-Myers 
Squibb. In clinical trials involving nivolumab, 
ipilimumab, or both, there was no routine testing 
for myocarditis by means of either biochemical 
analysis or cardiac imaging.

Discussion

Combined immune checkpoint inhibition with 
ipilimumab and nivolumab has produced fre-
quent and durable antitumor responses in patients 

with advanced melanoma, along with promising 
activity in the treatment of other cancers.4 How-
ever, immune-related adverse events frequently 
complicate therapy and require discontinuation 
in nearly 40% of patients.4,5 These events are 
generally manageable with the administration of 
high-dose glucocorticoids, although clinically se-
vere, prolonged, and even fatal events have oc-
curred in rare instances.4,5 Characterizing these 
severe toxic effects, even if uncommon, is a 
major priority.

Myocarditis was rarely reported in early clini-
cal trials with anti–CTLA-4 and anti–PD-1 agents 
(nivolumab and pembrolizumab, respectively), 
which resulted in one death in a patient receiving 
adjuvant treatment with ipilimumab at a dose of 

Figure!2.!T-Cell–Receptor!Clones!in!Striated!Muscle!and!Tumor!in!Patients!1!and!2.

Next-generation sequencing of the CDR3 region and the antigen-binding portion of the T-cell–receptor beta chain was performed (as 
previously described9,10) with specimens of cardiac and skeletal muscle and tumors from Patients 1 and 2 before and after treatment. 
The prevalence of T-cell clones according to count are displayed in various tissue types, with each x-axis showing the counts in cardiac 
muscle, and the y-axes showing the counts in other tissues. Numerous T-cell clones were present in all affected tissues in Patient 1 
(Panel A) and Patient 2 (Panel B). The color red denotes T-cell clones that are more prevalent in cardiac muscle than in other tissue, 
blue denotes clones that are more prevalent in other tissues (pretreatment or post-treatment tumor or skeletal muscle), and gray de-
notes clones present in approximately equal numbers. P values for each clone in any two samples being compared were calculated by 
means of Fisher’s exact test and adjusted for a positive false discovery rate with the use of the Storey method, as described by DeWitt  
et al.11 In Panel A, the arrows highlight the relative prevalence of shared T-cell clones in the pretreatment tumor, where there were rela-
tively few shared clones, and the post-treatment tumor, where the number of shared clones was greatly increased. In Panel B, the circled 
dot indicates that the T-cell clone that was found with highest frequency in the heart was also highly prevalent in skeletal muscle and 
that the frequency was higher in the post-treatment tumor than in the pretreatment tumor.
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Summ a r y

Immune checkpoint inhibitors have improved clinical outcomes associated with 
numerous cancers, but high-grade, immune-related adverse events can occur, par-
ticularly with combination immunotherapy. We report the cases of two patients 
with melanoma in whom fatal myocarditis developed after treatment with ipilimu-
mab and nivolumab. In both patients, there was development of myositis with 
rhabdomyolysis, early progressive and refractory cardiac electrical instability, and 
myocarditis with a robust presence of T-cell and macrophage infiltrates. Selective 
clonal T-cell populations infiltrating the myocardium were identical to those pres-
ent in tumors and skeletal muscle. Pharmacovigilance studies show that myocar-
ditis occurred in 0.27% of patients treated with a combination of ipilimumab and 
nivolumab, which suggests that our patients were having a rare, potentially fatal, 
T-cell–driven drug reaction. (Funded by Vanderbilt–Ingram Cancer Center Ambas-
sadors and others.)

Immune checkpoint inhibitors have transformed the treatment 
of several cancers by releasing restrained antitumor immune responses.1 Ipili-
mumab, an anti–cytotoxic T-lymphocyte–associated antigen 4 (CTLA-4) anti-

body, and nivolumab, an anti–programmed death-1 (PD-1) antibody, have indi-
vidually improved survival in patients with melanoma, and early results suggest 
that their combination further enhances antitumor activity and survival.2-5 Other 
adverse events associated with these agents include dermatitis, endocrinopathies, 
colitis, hepatitis, and pneumonitis, which are all thought to arise from aberrant 
activation of autoreactive T cells.6,7 These toxic effects are more frequent and severe 
when ipilimumab and nivolumab are used in combination.4 Here, we report two 
cases of lethal myocarditis accompanied by myositis in patients treated with a 
combination of nivolumab and ipilimumab.
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Postmortem examination revealed a clonal expansion of T cells in the 
myocardium causing fulminant myocarditis
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Other potential CV complications of cancer therapy

Agent Indication Adverse reaction
Tamoxifen Breast cancer VTE
Aromatase inhibitors Breast cancer CAD
Ibrutinib Lymphoma Atrial fibrillation
Dasatanib CML, ALL Pulmonary hypertension
Carfilzomib Multiple myeloma CAD, thrombosis, HF
Trametinib Melanoma HF
Immune checkpoint inhibitors Multiple Myocarditis
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