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Disclosures
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Objectives

" Describe the emerging links between cancer and 

current or future HF

" Discuss the approach to surveillance strategies for 

early identification of LV dysfunction in patients 

receiving chemotherapy

" Discuss strategies to prevent and/or treat HF in 

setting of active cancer



Clinical Case



Patient in Cardio-oncology Clinic 
" 51F, high risk HER2+, left sided breast cancer, stage III

" Surgery, Anthracyclines (Doxorubicin equivalent 200mg/m2), 
Trastuzumab, Radiation therapy, hormonal therapy

" No cardiovascular disease history, no CV risk factors, non-smoker, 
no medications, excellent functional capacity

" Physical exam / ECG 3 normal



Question 1

What is her risk of HF during cancer treatment?

1. Low - her total cumulative dose of doxorubicin is < 250mg/m2, she is 

< 60 years of age, and has no CVD risk factors

2. High 3 because she has HER2+ breast cancer

3. High 3 because she is receiving 3 potentially cardiotoxic therapies

4. Not sure 3 but an echocardiogram will help determine risk



Q: Risk of HF? Risk mitigation strategies?

3DEF 61%

2D EF 64%

hsTpI 2

GLS -21.5%



Q: Do these changes alter her risk of HF? 

Risk mitigation strategies?

3DEF 53%

2D EF 55%

hsTpI 48

GLS -17.9%

(21.5 3 17.9) / (21.5) = 

16.7% relative change



3DEF 48%

2D EF 47%

NYHA II-III

Q: Treatment Options? 

Stop / hold cancer therapy?



3DEF 56%

2DEF 54%

NYHA I

Q: Long Term Follow-up? 

Consequences to having developed cardiotoxicity / TZM interruption?

6 wks Post Cessation of Trastuzumab + BB/ACE

VO2peak = 16 mL.kg-1.min-1(67% predicted)



Question 2
Which of the following regarding this patient is correct?

1. There is strong evidence from several RCTs that if HF therapy 
(BB/ACE/ARB) was started when GLS change occurred, HF could have 
been prevented. 

2. Stopping trastuzumab therapy transiently will affect her cancer 
outcomes. 

3. Although her VO2peak was low post therapy in long term follow-up it will 
not be different from those who did not develop cardiotoxicity.

4. Troponin measurements do not have prognostic value in women with 
HER2+ breast cancer receiving anthracyclines.



Cancer and CVD



Cancer Incidence and Survivorship

Canadian Cancer Statistics 2021



Spectrum of CVD in Patients with Cancer

Chung R et al, Open Heart 2018



Older Adults – Breast Cancer

Abdel-Qadir H et al JAMA Cardiology 2016

Similar pattern in other cancers



Links Between Cancer and HF 



Shared Risk Factors for Cancer and HF

World Health Organization: http://www.who.int/ncdnet/about/4diseases/en/

Source: AACR Cancer Progress Report 2019



Novel Shared Risk Factor



Clonal Hematopoiesis (CH)

Fuster JJ, Walsh K. Circ Res. 2018;122(3):523-532

0.5-1% annual absolute risk2-4  fold risk



CH-associated mutations and CVD in AML

Calvillo-Arguelles O, et al. JACC Cardioncology, March 2022



Impact of Cancer / 

Treatment

Moslehi J, NEJM 2016



Pre-treatment Risk Stratification



Pre-Treatment Risk Assessment - Clinical

" Patients at elevated risk 3 ASCO guidelines

3 Anthracycline dose (doxo g250mg/m2) / radiation dose g30Gy/ 

trastuzumab / cardiovascular risk factors

3 Lower dose combinations 

" Others (no clear guidelines)

3 Proteasome inhibitors, ICIs, multi-targeted TKIs, VEGFi, MEK inhibitors, 

EGFR



Pre-Treatment Risk Assessment - Clinical



Pre-Treatment Risk Assessment - Clinical



Pre-Treatment Risk Assessment - LVEF

2285 Patients, BREAST, HEME, OTHER, 
Anthracycline (Doxo - 223mg/m2)

Wang L..Scherrer-Crosbie  et al AJC 2015

Every 5% decrease in LVEF 38% relative 
increase in symptomatic HF + CV Death (2D 

LVEF) 3 2.8% developed an EVENT

Risk Factor # Pts HR p

Baseline LVEF

g 65% 423 Ref

55-64% 451 1.98 0.092

50-54% 70 6.72 <0.001

Post-AC LVEF

g 65% 351 Ref

55-64% 473 3.58 0.02

50-54% 111 11.84 <0.001

NSABP-31, 944 Patients, HER2+ BC
Cardiac Death, Clic HF (assoc with LVEF drop)

4.0% Developed an Event (by 7 years)



Pre-Treatment Risk Assessment - Strain

Mohammed TA, et al JASE 2016
Strain TomTec (2D CPA), n=450

Anthracycline Rx Heme Malignancies
Symptomatic HF or CV Death

Mousavi et al, EHJCVI 2015 
Strain 3 TomTec 2D CPA, n=158

Heme, Breast, Other
Symptomatic HF or CV Death

Patients with 2D LVEF 50-59% 
N=158 Anthracycline Treated

Breast and Heme,  Outcome: NYHA3/4 HF

N=450
GLS -17.5



Kang et al JACC CO 2020

Symptomatic HF

GLS associated with all cause death!

Pre-Treatment Risk Assessment - Strain



Universal Primary Prevention



Neurohormonal Blockade

Vaduganathan M et al, JACC Cardio-oncology 2019



Dexrazoxane

Macedo et al, JACC CO 2019



Risk Assessment During Cancer Treatment



Limitations of an LVEF Only Approach

Cardinale D et al,  Circulation 2015

11% full Recovery

12% no recovery

72% partial recovery

Anthracyclines ± Trastuzumab

MEDIAN 7.0 Years Post Therapy

Yu A et al, JAMA Cardiology, 2019Cardinale D et al,  JACC 2010

Death, acute pulmonary edema, HF 

hospitalization, life threatening arrhythmia, 

conduction abnormalities requiring PM



Global Longitudinal Strain

Negishi K et al, JASE 2013, 26: 493-8Sawaya H et al. Am J Cardiol 2011;107:1375

N=81, 30% CTOX, All trastuzumab, 

40% A
N=43, 21% CTOX, AC followed by 

TZM



Global Longitudinal Strain 3 Meta-analysis

" Relative GLS (n=9)

3 Median 13.7%

" Absolute GLS (n=9)

3 Median -18.0%

Oikonomou EK et al  P, JAMA Cardiology 2019 Plana et al, JASE 2014



Integrated Approach to The Diagnosis

Esmaeilzadeh M et al JAMA Cardiology, Feb 2022

Probability 
of MRI 
defined 
CTRCD



GLS Guided Cardioprotection

Negishi K et al, EHJ CVI 2014; Santoro C et al EHJ CVI 2019



SUCCOUR TRIAL 

Strain- vs LVEF-based Guidance for Cardio-protection

To determine whether a strain guided 

approach to CPT can prevent reduction in 

LVEF and development of cardiotoxicity 

compared to standard of care (LVEF based 

CPT) in patients receiving anthracycline 

based cancer therapy at elevated 

cardiotoxicity risk

Thavendiranathan P, Negishi T….Marwick TH et al,  JACC 2021

OBJECTIVE



p=0.61
p=0.02

NNT=13

Results

CPT

STUDY

GROUP

No Medical

Management

(n=133)

Cardioprotective

Therapy

(n=20)

No Medical

Management

(n=110)

Cardioprotective

Therapy

(n=44)

CARDIAC

STATUS

Preserved LVEF & GLS

(n=110)

Reduced LVEF

(n=7)

Reduced GLS

(n=37)

Reduced LVEF

(n=20)

Preserved LVEF

(n=133)

LVEF-based Guidance

(n=153)

GLS-based Guidance

(n=154)

1 YEAR

OUTCOMES

LVEF &

-2.7% (-1.7%, -3.8%)

p<0.001

LVEF &

-3.0% (-1.8%, -4.2%)

p<0.001

Cardiotoxicity 

(n=9; 5.8%)

Cardiotoxicity 

(n=21; 13.7%)



CMR - Ventricular Remodeling

Hubois C, Thavendiranathan P et al, JACCi; 2021

HER2+ BC, FEC-DH, N=125
Barthur A, Yan AT et al SCMR 2017, 19:44

HER2+ BC, 56% Anthracyclines,  N=41



CMR Tissue Characterization

Anthracycline (N=40) Non-anthracycline 

(N=16)

Baseline 

(N=40)

3 months 

(N=40)

Baseline 

(N=16)

3 months 

(N=16)

Native T1, 

ms

1,058 ±

100

1,071 ±

85.2*

1,036 ± 41 1,041 ±

38

T2, ms 50.8 ± 2.9 51.6± 3.5 51.5 ± 2.2 52.4 ± 2.9

T2 Septum, 

ms

50.7 ± 2.7 51.9± 3.8* 51.6 ± 3.1 52.3±3.2

ECV, % 26.9 ± 3.1 28.6 ± 3.0* 26.7 ± 3.3 27.7 ± 3.8

CMR pre and ~3 months post initiation of Rx

Doxorubicin equivalent mean - 375mg/m2
Melendez GC et al. JACCi 2017

FEC-DH, N=20

Doxorubicin equivalent mean 200mg/m2

Altaha M et al JACCi 2020



Role of Serum Biomarkers

Sensitivity 69%, Specificity 87%

Benefit with doxorubicin equivalent dose >240mg/m2



Role of Serum Biomarkers
Multiple Myeloma PI

Michel L et al, EJHF 2020 Cornell F &Lenihan D et al, JCO 2019

New Elevation Mid-first cycle of 

treatment vs normal levels OR 9.5 

(4.3-20.7)



Interruption of Cancer Therapy?



Consequences of Trastuzumab Interruption

Copeland-Halperin R et al, JAMA Oncol2020

All HER2+ Pts MSKCC 2004-2013

Interruption = 6 weeks or longer time 

between planned treatments

Rushton M et al, JNCI 2020

Ontario Population, HER2+ EBC

N=5547

No Interruption

Interruption



Treatment of HF



Pillars of Therapy

" Decision regarding cancer therapy (lean towards continuing)

" The 4 foundations of therapy for HFrEF apply (majority LVEF >40%)

3 Focus on BB/ACE/ARB

3 Goal is rapid recovery to enable cancer therapy

" Early imaging follow-up to assess recovery

" Advanced HFrEF 3 no different from other NICM/HF



Identifying Subclinical Injury / CVD 

Risk Assessment in Survivors



End of Treatment Variables and CRF

Bonsignore A et al JACC CardioOncology, 2021



End of Treatment Variables and CRF

Bonsignore A et al JACC CardioOncology, 2021

Probability of 
loss of functional 

independence



Summary
" CVD important competing risk for morbidity / mortality

" Pre-treatment risk stratification challenging

3 LVEF / GLS 

3 No established primary prevention strategies (statins / SGLT2?)

3 High risk patients 3 BB, ACE/ARB, statins, dexrazoxane

" Early detection of cardiovascular injury attractive

" Global longitudinal strain

3 Identifies subclinical injury / GLS guided Rx reduces cardiotoxicity



Summary

" Troponin and BNP may have a role with select treatments

3 Measured after each cycle

" Interruption of cancer therapy should be minimized

" HF treatment 3 as per HFrEF

" Assessing long term risk / determining follow-up 

challenging

3 Cardiotoxicity history, imaging abnormalities 3 may be helpful





Thank you

Dinesh.thavendiranathan@uhn.ca


