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Cardiovascular care of 
cancer patient

All cause mortality of childhood cancer survivors

Ming Hui Chen et al. Circ Res. 2011 

Cumulative cause-specific mortality of childhood 
cancer survivors

Ming Hui Chen et al. Circ Res. 2011

Late effects from initial cancer treatments 

Time since diagnosis(years)

Common theme
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Risk prediction, prevention, management 
and long-term surveillance of cancer 
therapy related
• LV dysfunction
• Myocardial ischemia
• Myocarditis

Cardiovascular effects Cancer Therapies

Heart Failure
Anthracyclines, cyclophosphamide, 
Trastuzumab, and other monoclonal 
antibody based tyrosine kinase inhibitors

Ischemia/myocardial infarction/progression 
of CAD 

Antimetabolites (5FU), antimicrotubule
agents (paclitaxel, docetaxel), Cisplatin, 
Bleomycin, TKI, anti hormonal therapies

Myocarditis/Pericarditis Immune check point inhibitors

Hypertension Bevacizumab, Sunitinib, sorafenib

Atrial Fibrillation Irbutinib

Peripheral artery disease Nelotinib ( 2 to 25%)

QT prolongation and Torsades Arsenic trioxide/antiemetics

Raynaud phenomenon
Vinblastine, Bleomysin

Survival: < 40% by 2 yearsFelker GM et al. NEJM 2000

Mortality from Doxorubicin related CM RISK PREDICTION:
Recommendation 1.1
Screening for known CV risk factors in patients with cancer is 
recommended [I, A]

• Age:  > 65 years and < 18 years
• Females > males 
• Hypertension
• Diabetics mellitus
• Smoking
• Obesity
• Preexisting cardiac disease (CAD, HF, arrhythmias 

etc)
• H/o Mediastinal radiation
• Prior exposure to anthracycline

13 pts(3.2%) transient
asympt. LVEF decline

Modifiable risk factors
Recommendation 1.1
Treatment of modifiable CV risk factors according to current 
guidelines is recommended[I, A]

At all stages of cancer care:
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Cardio toxic therapies 

Trastuzumab

• Reported incidence of severe heart failure and cardiac death was from 
0.6% (HERA) to 4% (NSABP-B31) when trastuzumab was an adjuvant 
treatment

• 2% to 7% when used as monotherapy
• 2% to 13% used in combination with paclitaxel and
• 27% concurrently with anthracyclines plus cyclophosphamide

Therapies at increased risk for Heart Failure

No determination of Heart Failure risk

Chemotherapy Related Cardiac dysfunction (CTRCD): 
>10% (asymptomatic) and 5% (symptomatic) reduction in LVEF 
from pretreatment to LLN (53%)
ACC and AHA define Heart Failure as “a complex clinical 
syndrome that results from any structural or functional 
impairment of ventricular filling or ejection of blood” (2013 
ACCF/AHA guideline for management of HF)
• HFrEF :  LVEF < 40%
• HFpEF : LVEF > 50%
• Borderline HFpEF: LVEF 40 - 50%

Recommendation 2.2. 
Clinicians should perform an echocardiogram before initiation of 
potentially cardiotoxic therapies 
(Evidence quality: high; Strength of recommendation: strong)

Baseline assessment of Left Ventricle

Scherrer-Crosbie M, AJC 2015 *p <0.01, ***p <0.0001

Cardiac event free survival according to baseline LVEF
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Incremental value of GLS in identifying subsequent CEs GLS < 17.5% was associated with a six-fold increase in CEs

Scherrer-Crosbie M, JASE 2016

Figure 13 

JASE 2014

Type 1 Toxicity
Anthracycline

Median follow up: 5.2 years
Heterogeneous population
- 51% BC
- 28% Non- Hodgkin lymphoma
- 5% Hodgkin lymphoma
- 6% MM
Cumulative incidence : 9%
Median time from last dose of 
Anthracycline to cardiotoxicity : 3.5 months
Cardiotoxicity occurred with in the 
1st year follow up in 98% of pts
LVEF recovery
- 71% partial recovery
- 11% full recovery

Cumulative incidence and recovery of Anthracycline 
cardiotoxicity

Full recovery, 11% n=25

Partial recovery, 71%, n=160

Cardinale, D: Circulation 2015

Neuro hormonal Therapies in Preventing Cardiotoxicity

Mechanism of Anthracycline

Irreversible myocardial damage

S. Zhang et al. Nat Med, 18 (2012)
Identification of the molecular basis of 
doxorubicin-induced cardiotoxicity

Cardiomyocyte-specific deletion of 
Top2b protects mice from doxorubicin-
induced heart failure
Doxorubicin-induced cardiotoxicity is 
mediated by topoisomerase-IIβ in 
cardiomyocytes

Dexrazoxane Vs Placebo

Outcome:  Subclinical and 
Clinical Heart failure

Outcome: Progression free survival

Statistically significant benefit in favor of Dexra

No statistically significant benefit noted

•

Cochrane data base syst Rev2011 Jun15
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Case

• 35 y/o female with PMH significant for BMI of 35, 10/2020 
diagnosed with Rt side, triple negative breast cancer

• MUGA LVEF 66%, received 4 cycles of DD AC, followed by 6 cycles 
of Taxol

• 4/1/21: Observed to be dyspneic with minimal exertion in preop 
room, HR :120’s, BP: 90/50, deferred for further evaluation

• Exam: mildly dyspneic with talking, BMI 35, Tachycardic, 
mildly elevated JVD, basal rales and no pitting edema

• Biomarkers : BNP- 1900, HsTnI-200’s

• Echocardiogram

• LVEF-19% with 
grade 3 DD, 
Moderate RV 
dysfunction

• Surgery on hold
• Hospitalized for 

heart failure

Management
Once optimized for heart failure, she underwent breast surgery, followed 
by radiation
3 month Follow up MRI: Nonspecific increased T2 signal, no LGE,
LVEF 56%, normal RV size and function

Important points to highlight:
- She was not considered to be at an increased risk, except for elevated BMI
- Perhaps Baseline LVEF and GLS value (instead of MUGA)may have been helpful for risk 
assessment
- Repeat echo following AC therapy perhaps would have detected asymptomatic LV 
dysfunction
- and would have potentially avoided delay in surgery and RT and need for Adjuvant 
therapies

Preventive strategies minimize risk before initiation of 
therapy

• Recommendation 2.1. 

Avoid or minimize the use of potentially cardiotoxic 

therapies if established alternatives exist that would 

not compromise cancer-specific outcomes. 

(Consensus based; benefits outweigh harms; 

Strength of recommendation: strong)

Collaboration with the oncologist:
If non-anthracycline regimen an option?
Chemotherapy options (non-anthracycline):
- Docetaxel/cyclophosphamide (TC)
- Cyclophosphamide/methotrexate/5FU (CMF)

Armenian SH et al. J Clin Oncol. 2016 Dec

And if anthracycline is the best option
Require high-dose (> 250 mg/m2 doxorubicin, > 600 mg/m2 
epirubicin) anthracycline incorporate strategies as

- Use liposomal formulation of doxorubicin

- Continuous infusion

- Cardio protectant dexrazoxane

Radiation induced CV disease

Acute effects of radiation
Pericarditis: within weeks
as asymptomatic effusion or
symptomatic Pericarditis, spontaneous 
clearance of effusion may take 2 years

Acute myocarditis : radiation induced 
inflammation, present with transient 
repol. abnormalities
and mild myocardial dysfunction
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Carmen Bergom et al. J Am Coll Cardiol CardioOnc 2021

Evolution of RT in Lymphoma

Long term screening guidelines following radiation therapy
Screening for cardiac dysfunction in childhood cancer survivors

Exercise:
- Regular exercise is safe and should be encouraged for survivors with normal LVEF
- Individuals with asymptomatic cardiomyopathy should consult with cardiology to define 
limits and precautions for physical activity
- Cardiology consultation may be reasonable to define limits and precautions for physical 
activity for high risk survivors (requiring echo q2 yrs) and plan to participate in intensive 
exercise

Case

• 36 y/o patient with h/o hyperlipidemia, active lifestyle diagnosed with 
left breast infiltrating ductal carcinoma, ER +/PR-/HER2+

• s/p Mastectomy and SLN biopsy
• Plan for adjuvant chemotherapy (AC + Taxol), with trastuzumab, 

followed by antihormonal and radiation therapy

• o/e: BP 135/70 mmHg, HR 60, Normal weight
• Normal exam, healing left breast scar
• Baseline echocardiogram – Normal LV function, LVEF 60 %, no GLS

Adjuvant Chemotherapy

• Receives DD AC-T, followed by
• Maintenance therapy-Trastuzumab q 3w x 1 year

• Echocardiogram after 3 months of Herceptin
– LVEF by biplane Simpsons 46% (baseline LVEF 60%)

• Patient asymptomatic; normal BP
• Herceptin held and referred to cardiology
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Canadian consensus guideline adjuvant trastuzumab therapy

Mackey et. al Current Oncology, 2008 Jan: 15(1): 24-35

90% of pts with mild LV dysfunction (LVEF >40% ) who were treated
With BB and or ACEI safely tolerated ongoing HER2- targeted therapy

Safety of continuing Trastuzumab with mild LV systolic dysfunction

SAFE-HEART Study SCHOLAR Study

Copeland-Halperin, JAMA Oncol. 2020

Early trastuzumab interruption had
significantly increased hazard of invasive 
BCA recurrence or death (adjusted 
hazard ratio 1.56; 95% CI, 1.10-2.21)

Invasive BCA recurrence or death
24% - interrupted group and
13% - Continuous group

Recurrence – free survival in continuous Vs interruption 
of Trastuzumab group in ERBB2- positive BC

Collaborate - Before and during cancer treatment

It is Recommened: Upon development of cardiotoxicity, decision 
to change treatment plans by the oncologist, should be informed 
in close collaboration with cardiologist
Clinical circumstances, risks and benefits of continuation of 
therapy responsible for the cardiac dysfunction should be 
individualized 

Case 

• 35 y/o male with h/o smoking, diagnosed with metastatic 
adenocarcinoma of colon

• Initiated Folfoxiri (5-fluorouracil, oxaliplatin, and irinotecan)
• During cycle # 3 – while on 5FU pump, he woke up with a 

squeezing sensation in his chest, along with burning in his right 
arm, lasted 10 minutes and resolved spontaneously

• Reported similar symptoms that evening, chemo was held, 
referred for cardiac evaluation

• CCTA : normal coronary arteries
• Angina likely from coronary spasm, start CCB, prn nitro. and

advised to continue with chemo.

Case 

• Re challenged with FOLFOXIRI (80% 5FU dosing)

• Had good response to treatment

• Increased dose of 5 FU to 1200 mg/m2/day

• 9 days following 5FU infusion - he developed severe chest pain, 
crushing, substernal, diaphoretic very similar to last episode.

• Relieved with given SL NTG in ED

• High-sensitivity troponins was negative x 2.
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STE in anterior leads with J-point elevation

On presentation Post S/l nitro 

Resolution of symptoms

5FU: 0.1%-19%

Cisplatin: 0.2%-12%

Hormonal therapy: 1%-5%

TKI: 1%- 25%
Nilotinib: PAD

Associated with 
myocardial 
ischemia

5 Fluoropyrimidine-related cardiotoxicity
- Second most common chemotherapeutic agent associated 

with cardiotoxicity, after anthracycline

- Diagnosis, based on exclusion of obstructive CAD, 
and temporal relationship to fluoropyrimidine administration, 
and/or reproducibility of symptoms with rechallenge

• CCTA has a strong negative predictive value (≥95%) 
for excluding the likelihood of major adverse cardiac events

• The role of other noninvasive stress testing, is unclear

Management 

• Recurrence rates are as high as 90% in several small series

• Risk prediction- young with no RF (unlike anthracycline)

• Decision to rechallenge should be individualized – and depends 
on

- Intent of therapy (i.e, curative versus palliative)

- availability of effective alternative non-
fluoropyrimidine containing regimens

Immune check point inhibitor (ICI) 
have transformed cancer care

• It's been a 
decade…improved long term 
cancer free survival

• Initially approved for 
metastatic/incurable malignancies 
(melanoma, NSCL ca)

•Now approved as first- and 
second-line therapies and being 
studied in > 3000 clinical trials MOC: ICI’s activate native immune system to 

fight tumor

FDA approved ICI....
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Off target effects of 
immune activation-
immune related 
adverse events 
(irAEs)

Incidence of myocarditis

Single 0.06%
Combined 0.27%

Evaluation of rare but severe immune related 
adverse effects in PD-1 and PD-L1 inhibitors in 
NSCLC : a meta-analysis

Transl lung cancer Res.12/2017

0.36%

1.14%

Cumulative rate of 
significant cardiac 
events 5.2%

Yu-Wen Zhou, Frontier in pharm 11/2019 

Time of onset of Cardiac Toxicities in reported 
cases and case series

< 4 weeks in combination
therapy  

<4 to >16 weeks in monotherapy

Case fatality of myocarditis

Case fatality rate 20 to 50% 
(Vs 2 – 4 % in general 
myocarditis)

Significant morbidity
- Cardiogenic shock
- Cardiac arrest 
- VT
- CHD

38% of events occurred in 
pts with normal LVEF

Diagnosis 

• History and Physical

• Adjunct Tests:

ECG

Cardiac biomarkers: Troponin-I & BNP

Echocardiogram

cMRI

Myocardial biopsy

Zhang Eur Heart J, 2020

LGE and black blood imaging in cMRI

56 pathology proven pts with
myocarditis – 61% had normal
LVEF

- LGE & T2 STIR abnormalities
are far lower than that reported
in non-ICI myocarditis

- Absence of LGE or T2 STIR
signal does not exclude
diagnosis of ICI myocarditis
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Histology: myocardial infiltration of T 
lymphocytes and macrophages, similar to 
findings in cardiac transplant rejection

CD‐8 immune stain, shows presence of 
cytotoxic (CD‐3 and CD-8 +) T cells

Endomyocardial biopsy Treatment per guidelines....

Suggest stopping ICI and use high corticosteroid as first line therapy

- ASCO: 1-2 mg/kg of prednisone

- SITC: 1-2 mg/kg of prednisone to begin, 
no improvement in 3 days, add alternative immunosuppressant

- ESMO: high dose corticosteroid (no dose specification) but to initiate 
immediately

- NCCN: Methylprednisolone pulse dosing 1g/day for 3 to 5 days

- ACC:

• Stable: 1-2 mg/kg prednisone

• Decompensated: 1-2 mg/kg prednisone + mycophenolate

In conclusion:
• Identify AT Risk patients based on
- Patient clinical characteristics
- ECG and baseline cardiac biomarkers (ICI related)
- Baseline LVEF, GLS and
- Type of treatment regimen planned

• If deemd to be identified as high risk, collaborate to 
- Optimize modifiable CV risk factors
- Plan appropriate surveillance for CTRCD (not known for myocarditis) during and after 

treatment and
- If cardiotoxicity develops, indivudualize risk Vs benefit for continuation of therapy

Hopefull, this will minimize long term sequellae

Thank you

Mackey et. al Current Oncology, 2008 Jan: 15(1): 24-35

Based on NSABPB-31
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Incidence of HTN varies based on the drug used, and patient’s age 
and cardiovascular status

Speculated mechanism, VEGF inhibition reduces the formation of 
nitric oxide and potentiates endothelin in resistance vessels – HTN 
and HTN related LV dysfunction

Arterial and Venous thrombosis

Tyrosine Kinase Inhibitor
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