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Cancer death rates declined 28% from 2001 to 2010

More and more effective cancer treatment options over the past 20 yrs

Increase of n. cancer survivors after oncologic therapy:

USA  ≈ 14.000.000 pts

EU  ≈ 21.000.000 pts

=  19.000.000

=  25.000.000

GOOD NEWSThe Good News

DeSantis C. CA Cancer J Clin 2014                  Rowland J. Eur J Cancer 2015 
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The Bad News
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The Price Paid







JACC 2010

Inverse relationship between 
Time-to-heart-failure therapy
and LVEF increase 

• 201 pts with AC-induced CMP

• treatment: ACEI + BB

• mean follow-up: 36±27 months

•  LVEF 50%: 42% = Responders

•  ≥10 abs.points: 13% = Partial Responders

•  ≤10 abs.points: 45% = No Responders



The more time passes,
the less recovery possibility
we have

JACC 2010

• 201 pts with AC-induced CMP

• treatment: ACEI + BB

• mean follow-up: 36±27 months

• pts treated within 6 months: 

=  LVEF 50%: 71%

Percentage of patients with complete cardiac function 

recovery according to time elapsed from AC 

administration and start of HF therapy

Independent predictors of lack of complete recovery



Time-to-HF treatment          3.9              12.7-5.7 <0.001

NYHA III-IV class                 8.7 3.0-25 <0.001

Independent predictors of NO LVEF recovery

Adjusted

OR
95% IC P value

JACC 2010

• 201 pts with AC-induced CMP

• treatment: ACEI + BB

• mean follow-up: 36±27 months

• pts treated within 6 months: 

=  LVEF 50%: 71%

The clinical benefit 
was more evident in
asymptomatic patients



Baseline cardiologic evaluation, ECHO

Anthracycline-therapy

ECHO at end AC

ECHO 3 months

ECHO every year

Clinical
Follow-up

TnI not evaluated during AC

LVD

ECHO 6 months

ECHO 9 months

ECHO 12 months

ACEI + BB



Study design

▪ Inclusion criteria:

✓ AC-chemotherapy (CT-naïve pts.)

▪ Prospective LVEF monitoring: at baseline, end-CT, every 3 months 

during the first year, every 6 months during the first 5 years, every 12 

months thereafter, or whenever required by the clinical situation.

▪ Study end-point: occurrence of cardiotoxicity, defined as an absolute

decrease >10 percent points in rest LVEF, associated with a decline

below the normal limit value (50%).

▪ HF therapy: ACE-inhibitors (ACEI) + beta-blockers (BB) up-titrated to

maximal tolerated dose.

Circulation 2015 



Study population

• 2625 pts (1949 women; 74%) enrolled

• mean age: 5013 yrs (range 18 to 82)

• mean baseline LVEF: 634% (range 50 to 78%)

• mean AC cumulative dose: 25286 mg/mq (range 30-900)

• mean follow-up: 5.2 yrs (IQ range 2.6-8.0)

(range 4 months -19 yrs)

Circulation 2015



Results

RESULTS:

• CTX: 226/2625 pts (9%)

• NYHA I-II: 283 (81%)

• Mean time from end CT to CTX: 3.5 months (IQ 3-6)

Circulation 2015 CTX = cardiotoxicity



Cardinale et al. Circulation 2015



Cumulative incidence of cardiotoxicity

Cumulative 
incidence (%) 0 98 98 98 98 98 99 99 99 100 100 100 100 100 100 100 100 100 100100

98%
n. 226/2625 = 9%

n. 221 (98%) within 12 months



Recovery

(Final EF = + 5 point & ≥ 50%
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(Final EF <50%)

Recovery

▪ 226 pts with CTX

▪ ACEI and BB in 90% pts

▪ Recovery = final LVEF ≥50%  

in 185 (82%) pts

▪ Mean time to LVEF normalization

= 85 months
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RECOVERY
= partial recovery:

Final EF ≥50%

n=160/226 (71%)

= full recovery:

Final EF = baseline

n=25/226 (11%)

Recovery



myocardial
cell injury

asymptomatic 
cardiotoxicity

overt
cardiotoxicity

myocardial 
deformation

hours/days/weeks months years
start of

chemotherapy

increase

in troponin

decrease

in GLS

decrease

in LVEF

HF symptoms 

Cardinale et al. Curr Cardiol Rep 2016. 



• 204 pts

• High-dose chemotherapy

• TnI 0,12,24,48,72 h after CT

• N. 65 (32%) TnI + 

• N. 139 (68%) TnI -

J Am Coll Cardiol 2000



Cardinale et al. Circulation 2004

¥ TnI before, soon after, 1 month after HDC:

- TnI  -/- = n. 495 (70%)

- TnI +/- = n. 145 (21%)

- TnI +/+ = n. 63   (9%)

♫ follow-up = 48 months

♫ MACE incidence

✓ 703 patients

✓ age 47±12 years

✓ treated with HDC

✓ poor prognosis malignancies

Pattern of TnI release identifies 
pts at different cardiac risk



Sudden death

Cardiac death

Acute pulmonary edema

Heart failure

Asymptomatic  LVEF >25%

Life-threatening arrhythmias

Conduction disturbances

requiring PM implantation

Considered Events
3.5 year-follow-up

Circulation 2004

(84%)

(37%)

(1%)

Pattern of TnI release identifies 
pts at different cardiac risk



Circulation 2004

(84%)

(37%)

(1%)

Positive predictive value = 84% Negative predictive value = 99%

High risk: 9%

Intermediate risk: 21%

Low risk: 70%

Pattern of TnI release identifies 
pts at different risk



TnI positivity in different schedules

CMF

%
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IEO experience



Patients undergoing Adriamicin and Cyclophosphamide x 4

✓Troponin I assessment :

▪immediately before 

▪immediately after each AC cycle

✓LVEF assessment:

▪at baseline

▪at the end of AC therapy

▪in case of Troponin increase

TnI before TnI after LVEF%

AC 1° 0.02 0.01 n.v.<0.08 62

AC 2° 0.02 0.03

AC 3° 0.06 0.10 66

AC 4° 0.10 0.11 63

after 2 months 45

Diagnosis of cardiotoxicityDiagnosis of cardiotoxicity



Prevention



myocardial
cell injury

asymptomatic 
cardiotoxicity

overt
cardiotoxicity

myocardial 
deformation

hours/days/weeks months yearsstart of
chemotherapy

increase
in troponin

decrease
in GLS

decrease
in LVEF

HF symptoms 

Detection of  pre-clinical 
cardiotoxicity and 
prevention of LVD

Primary 
prevention

LVD treatment 
and prevention

of HF

Treatment of
symptomatic

HF

Cardinale et al. Curr Cardiol Rep 2016 



Cardinale D & Cipolla CM. In: The ESC Textbook of Cardiovascular Medicine 3rd edition. In press.



Prevention in selected high-risk pts



Enalapril
n = 56

Controls 

n =58

TnI + = 114

N = 403

HD CT

1 month after CT

Continued for 1 year

Circulation 2006



Modified from Cardinale et al. Circulation 2006

Enalapril prevents cardiac dysfunction 
and cardiac events in TNI+ patients 

52%

2%

ACEI group

(n=56)

Controls

(n=58)

CARDIAC EVENTS
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✓ Sudden death

✓ Cardiac death

✓ Acute pulmonary edema

✓ Heart failure

✓ Acute coronary syndrome

✓ Life-threatening arrhythmias

✓ PM implantation



n=56

Final EF = baseline in 49 pts (88%)

Final EF <5% vs. baseline in 7 pts (12%)

n=58

Modified from Cardinale et al. Circulation 2006



TnI 
before

TnI 
after

LVEF%

AC 1° 0.002 0.001 n.v.<0.040 62

AC 2° 0.002 0.003

AC 3° 0.007 0.080 66

AC 4° 0.006 0.005 64

after 2 months 62

after 1 year 63

✓Troponin I assessment :

- immediately before 

- immediately after each AC cycle

✓LVEF assessment:

- at baseline

- at the end of AC therapy

- in case of Troponin increase

Patients undergoing Adriamicin and Cyclophosphamide x 4

Enalapril

Enalapril

Enalapril
for 1 year

Enalapril

Enalapril

Cardioncology Unit Internal procedure
Page 1 of 12

WE DON’T STOP 
CHEMOTHERAPY



Baseline cardiologic evaluation, ECHO

Anthracycline-therapy

ECHO at end AC

ECHO 3 months

ECHO every year

Clinical
Follow-up

TnI not evaluated during AC

LVD

ECHO 6 months

ECHO 9 months

ECHO 12 months

ACEI + BB

TnI evaluation at each cycle

TnI
positivity

ECHO every
6 months for 5 years ECHO every year

TnI
negativity

Enalapril
for 1 year

ECHO 12 
months

ECHO end
AC,3,6,9 months

ECHO 12 
months



Primary vs. secondary prevention

What is better ??





a multicentre randomized trial comparing two preventive strategies

Cardinale et al. Eur J Cancer 2018 



stategies

Enalapril at
randomization

Enalapril after
1° cTn ↑

P

Baseline 63 ± 6 64 ± 6 NS

1 month follow up 62 ± 6 64 ± 6 NS

3 months follow up 63 ± 6 63 ± 6 NS

6 months follow up 63 ± 5 63 ± 6 NS

12 months follow up 62 ± 6 63 ± 5 NS

Enalapril at
randomization

Enalapril after
1° cTn ↑

P

Heart failure 0 0 NS

Asymptomatic LVEF drop 2 (1.5%) 2 (1.5%) NS

Acute coronary sindrome 0 0 NS

Arrhythmias requiring

treatment
1 (0.7%) 3 (2.2%) NS

CARDIAC EVENTS

LVEF%

a multicentre randomized trial comparing two preventive strategies

Cardinale et al. Eur J Cancer 2018



very low incidence LVD & MACE 

TNI assessment not required

monitoring during up-titration in 100% 

exposure to side effects to all pts

FU monitoring required in all pts 

high cost-benefit ratio

very low incidence of LVD & MACE

repeated TN assessment required

monitoring during up-titration in 20% pts

exposure to side effects only pts at high-risk

FU monitoring not required in TNI neg pts

low cost-benefit ratio

Pros & Cons

Enalapril in

TN+ patients (20%)

(low risk) 

Primary prevention

with Enalapril (100%)



Conclusions

Myocardial cell

injury

LV

dysfunction

Overt

HF

ECHO

Complete or partial

recovery
No recoveryPrevention

Troponins Symptoms
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Grazie!!

Cardioncologia…

…..curare il cancro, proteggendo il cuore.


