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Cancer Statistics USA – 1990-2008 
Surviving Rising, Mortality Decreasing 

Data from National Cancer Institute on estimated number of cancer survivors and age-
adjusted cancer deaths/100,000 people 
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DeSantis C, Chunchieh L, Mariotto AB, et al (2014); Cancer Treatment and Survivorship 
Statistics, 2014, CA:  A Cancer Journal for Clinicians, In press 
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Cancer Survivors Statistics USA  
“Nearly 20 (M) by 2020” 
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De Moor JS, Mariotto AB, Parry C, Alfano CM, Padgett L, Kent EE, Forsythe L, Scoppa S, Hachey M, and Rowland 
JH;  
cancer survivors in the United States:  Prevalence across the Survivorship Trajectory and Implications for Care;  
Cancer Epidemiol Biomarkers Prev. 2013 Apr;22(4):561-70. doi:  10.1158/1055-9965.EPI-12-1356.  Epub 2013 Mar 27 
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Cancer Survivors Statistics USA   
Greatest Increase in Long-term Survivors 



DeSantis C, Chunchieh L, Mariotto AB, et al. (2014).  Cancer Treatment and 
Survivorship Statistics, 2014.  CA:  A Cancer Journal for Clinicians, In press 

years of age 

Cancer Survivors in the USA - 2014 
Stratified by Age 

95% middle age or above ≈ 2/3 elderly 



Cancer Survivors in the USA - 2014 
Stratified by Site 

DeSantis C, Chunchieh L, Mariotto AB, et al. (2014).  Cancer Treatment and 
Survivorship Statistics, 2014.  CA:  A Cancer Journal for Clinicians, In press 

Female breast 

Prostate Colorectal 

Gynecologic 

Hematologic 

Urinary/renal 

Total: 14.5 M 

High lifetime cardiotoxicity risk: 5.3 M 



% 

Patnaik JL et al: Breast Cancer Res 13:R64, 2011 

Year 

Other cancer 

Other causes 

CVD 

Breast cancer 

Breast Cancer Patients 
Cause of Death 

CVD becomes leading cause of 
death in breast cancer patients over 
time 



5-year survival rates  
Heart Failure, Myocardial Infarction vs. Cancer 
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e.g. anthracyclines 



Years after original cancer diagnosis 
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Oeffinger KC et al. NEJM 2006;355:1572-82 



Cardiac implications of Chemotherapy 

Semin Oncol 1998 



Cardiac implications of Chemotherapy 



8.2-fold higher cardiovascular mortality 

The Cardiac Implications of Chemotherapy 





Cumulative Incidence of Heart Failure or 
Cardiomyopathy During First 3 Years 

After Diagnosis by Cancer Therapy 
All 

cancer 
patients 

Anthracycline + 
trastuzumab 

n=431 
Anthracycline 

n=5,257 
Trastuzumab 

n=437 

Other 
chemotherapy 

n=2,712 
None 

n=36,700 

Observed cumulative incidence (%) 

   1 year   7.2 16.4*†    7.7‡ 15.7*   7.8   6.8 

   2 years 12.3 23.8*† 11.9 20.7* 12.4 12.1 

   3 years 16.9 28.2*†  15.3‡ 26.7* 17.0 16.9 

Adjusted cumulative incidence (%) 

   1 year   7.5 22.0*†   9.8* 16.7*    8.4*   7.0 

   2 years 13.3 33.2*† 15.3* 23.2*  13.7* 12.8 

   3 years 18.7 41.9*†  20.2‡ 32.1* 19.2 18.1 

Chen et al: JACC 60(24):2504, 2012 

*P<0.001 vs no adjuvant therapy group; †P<0.001 vs anthracycline group, only in the model containing anthracycline + 
trastuzumab and anthracycline adjuvant therapy; ‡P<0.05 vs no adjuvant therapy group 



Cumulative Incidence of Heart Failure or 
Cardiomyopathy During the First 3 Year in 
Breast Cancer Patients Without Adjuvant 

Therapy vs Cancer-Free Controls 
Breast cancer,  

no adjuvant therapy 
n=36,700 

Cancer-free  
Medicare controls  

n=36,700 

Observed (%) 
   1 year   6.8   8.0* 
   2 years 12.1 13.7* 
   3 years 16.9 18.7* 
Adjusted (%) 
   1 year   6.7   7.0 
   2 years 12.2 12.4 
   3 years 17.2 17.2 

Chen et al: JACC 60(24):2504, 2012 

*P<0.001 





Sampling at 1, 4 8, 24 and 48 hours 



Herman, E. H. et al. J Clin Oncol; 17:2237 1999 

cTnT and histological Changes in Myocardium of SHR 

cTnT  Control Nomarski control 

4 mg/kg of DXR 

8 mg/kg of DXR 

10 mg/kg of DXR 

Focal disruption of cross  

striations 

Cytoplasmic vacuoles, loss of 

I bands 

Cytoplasmic vacuoles and  

myofibrillar disruption  



Levels of cTnI in Patients Treated with Adriamycin 

Cor Art Dis 8:537-541, 1997 
CP886232- 23 
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•  204 patients (661 cycles of high-dose CT) 
•  39 males e 165 females (age 45±10 years). 

•  Poor-prognosis cancer diseases: 

advanced or primary-resistant breast cancer 

refractory ovarian carcinoma 
Small-cell lung cancer 

high- grade non Hodgkin’s lymphoma 

refractory Hodgkin’s disease 
•  High-dose chemotherapy 

J Am Coll Cardiol 2000 



Results 
Troponin I Positivity 

Range = 0.5 - 2.0 ng/ml 
Mean = 1.0 ± 0.5 ng/ml 

Cardinale D et al. J Am Coll Cardiol 2000 

TnI pos 
n = 65 pts (32%) 

TnI neg 
 n = 139 pts (68%) 
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① 703 patients (216 males) 
① age 47±12 years 
① treated with HDC 
① poor prognosis malignancies 

ü  TnI serum determination: 
l   Baseline  = before HDC 
l   Early   = soon after HDC (0,12,24,36,72 hours) 
l   Late   = 1 month after HDC 

Circulation 2004 

♫  Follow-up = 48 months 
♫  MACE incidence 



Cardiac Events 
3.5 year-follow-up 

Sudden death     
Cardiac death      
Acute pulmonary edema   
Heart failure     
Asymptomatic↓ LVEF >25%    
Life-threatening arrhythmias    
Conduction disturbances    
requiring PM implantation 
 
 

Persistent 
TnI + 

Negative 
TnI 

Transient 
TnI + 

 Circulation 2004 

1% 

*= p<0.001 vs. TnI -  

37% * 

#= p<0.001 vs. TnI +- 

84% * # 



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

= 

= 

= 

High risk 

Intermediate risk 

Low risk 

Persistent TnI+ 

Transient TnI+ 

Negative TnI 

Cardiac risk stratification 



In adriamycin induced cardiomyopathic 
hamster….. 

….cardiac ACE activity was increased… 

….indicating that cardiac ACE plays a 
pivotal role in the development of 
adriamycin-induced cardiomyopathy. 



Troponin I Early Positivity 

Enalapril  

ü  n = 56 pts   

Controls  

ü  n = 58 pts  

ü  physical examination, ECG, ECHO: b,1,3,6,12 months 

ü  started 1 month after HDC 
ü  continued for 1 year  

443 pts  
High-dose CT 

TnI + = 114 pts (24%) 



Circulation 2006 
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TnI Values in Both Groups 
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ACEI group 
Control subjects 

No.  56  56  56  56  56  55 
TnI (ng/mL)  0.18±0.38  0.15±0.34  0.02±0.02  0.01±0.01  0.01±0.01  0.00±0.01 
No.  58  58  58  58  57  55 
TnI (ng/mL)  0.23±0.44  0.14±0.31  0.10±0.17  0.09±0.29  0.03±0.06  0.01±0.02 



LVEF with and Without ACEI 
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Secondary end-points 
follow-up 12 months 

Sudden death    0 (0%)       0 (0%)      0 (0%)          NS 
Cardiac death    2 (2%)       0 (0%)      2 (3%)        NS   
Acute pulmonary edema  4 (2%)       0 (0%)      4 (3%)        NS 
Heart failure    14 (12%)   0 (0%)      14 (22%)   <0.001 
Life-threatening arrhythmias  11 (10%)   1 (2%)      10 (16%)      0.01 
 
 
CUMULATIVE EVENTS           31 (28%)   1 (2%)      30 (52%)    0.001  

    

Total 
n=112 P 

  

ACEI  
n=54 

Controls 
n=58 

Cardinale et al. Circulation 2006 



Dobutamine Stress Test 

Civelli et al:  Int J Cardiol 111:120, 2006 
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Changes in Ejection Fraction 
in Treated and Control Groups 

Bosch et al: JACC, 2013 

 

EF
 (%

) 

Intervention 
Group 

Control Group 

63.3±1.3 62.9±1.4 64.6±1.2 

57.9±2.8 



Timing of Clinical Effects of Trastuzumab 
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Timing of Clinical Effects of Trastuzumab 

J Clin Oncology 28(25):3910, 2010 
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Timing of the Detection of Trastuzumab Toxicity 
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CHARACTERISTICS OF PATIENTS RECOVERING OR  
NOT FROM CARDIAC DYSFUNCTION 

Age, years 50 ± 8 56  ± 11   .047 
Hypertension   7 28   4   21 1.00* 
Diabetes   0   0   0     0 1.00* 
Hypercholesterolemia   1   4   0     0 1.00* 
Current or past smokers   6 24   3   18   .71* 
Family history of CAD   2   8   2   12 1.00* 
LVEF before trastuzumab therapy 60  ± 4 61  ±   4   .43 
LVEF at trastuzumab withdrawal 44  ± 6 37  ±   6   .001 
TNI+ at baseline   0   0   7   41    .001* 
TNI+ during trastuzumab treatment   9 36 17 100 <.001 
ACEI + BB association 22 88   8   47   .004 
Affected breast (left)   16 64 10   59 .73 
Metastatic disease 15 60 13   76 .26 
Chest wall radiotherapy (left)† 12 48   7   41 .66 

                                                                                           LVEF                              No LVEF 

                                                                                       Recovery                        Recovery 

                                                                                        (n = 25).                          (n = 17). 

                    Characteristics                                    No.                %              No.                 %                  P 



MAJOR ADVERSE CARDIAC EVENTS IN PATIENTS WITH 
NORMAL OR ELEVATED TNI VALUE 

Severe LVEF reduction (< 30%) 7 3 6 17 1 0.5 

Cardiac death 0 0 0 0 0 0 

Acute coronary syndrome 2 1 2 5 0 0 

Acute pulmonary edema 1 0.5 1 3 0 0 

Heart failure 7 3 7 19 0 0 

Arrhythmias requiring treatment 5 2 2 8 3 1.4 

Cumulative events 22 9 18 50 4 2* 

                                                                                                                                                         Normal 

                                                                            Total                                 TNI+                               TNI 

                                                                         .(n = 251).                        .(n = 36).                         .(n = 215). 

                       Event                                     No.              %               No.               %              No.                % 

Abbreviations: TNI, troponin I; TNI+, elevated TNI; LVEF, left ventricular ejection fraction. 

*P < .001 v elevated troponin I (by Fisher’s exact test). 

Reference: J Clin Oncol 2010;28(25):3910 -3916. 
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cTnl (Singulex) After Hydralazine in Rats 
Dose of 25 mg/kg 

Mikaelian et al, 2009 
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cTnl (Singulex) After Rosiglitazone in 
Rats 

Hirkaler et al, 2010 
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•  19% of patients had 
concentrations of hsTnI 
>45pg/mL immediately 
after treatment.  

•  Of these, 54% had 
cardiotoxicity during 
follow-up.  

•  Troponin I measured 3, 
6 and 9 months was not 
predictive of later 
cardiotoxicity. 

Use of echo and hsTnI to predict cardiotoxicity 
following trastuzumab and anthracycline 

chemotherapy 

Sawaya, et al, Circ Imaging 2012;5:596–603 

Time course of mean change hsTnI (solid), 
longitudinal strain (dotted) and LVEF (dashed) 

following AC based chemotherapy 



Decline in Ejection Fraction in Those  
with Cardiotoxicity 
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Prediction of Cardiotoxicity with hscTnI (Siemens) and 
MPO by Quartiles of Change from Baseline to Visit One 

Troponin MPO 
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Predication of Cardiotoxicity With hs-cTnI (Siemens) and 
MPO by Quartiles of Change for Each 
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Change in cTnI and MPO 
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Longitudinal Association Between Increases in 
Biomarkers Relative to Baseline and Cardiotoxicity 

Putt et al: Clinical Chemistry 61:9, 2015 

Risk of cardiotoxicity at the same visit Risk of cardiotoxicity at the subsequent visit 

Univariable Multivariable Univariable Multivariable 

Biomarker HR (95% CI) P HR (95% CI) P HR (95% CI) P HR (95% CI) P 

GDF-15 1.80 (1.20-2.69) 0.007 2.16 (1.49-3.13) <0.001 1.59 (1.06-2.40) 0.02 1.62 (1.07-2.44) 0.01 

MPO 1.37 (1.11-1.69) 0.02 1.31 (1.08-1.60) 0.004 1.32 (1.11-1.58) 0.003 1.30 (1.06-1.58) 0.006 

PIGF 3.77 (1.43-9.89) 0.04 3.09 (1.24-7.72) 0.008 2.61 (0.95-7.19) 0.08 3.27 (1.19-8.94) 0.01 

hsCRP 1.18 (0.97-1.44) 0.07 1.12 (0.88-1.42) 0.19 

hsTnI 1.04 (0.91-1.20) 0.30 1.08 (0.96-1.20) 0.14 

Gal-3 1.31 (0.86-1.99) 0.14 1.60 (1.12-2.28) 0.04 

NT-proBNP 1.13 (0.86-1.49) 0.19 1.07 (0.83-1.38) 0.31 

sFlt-1 1.08 (0.54-2.16) 0.41 0.86 (0.49-1.50) 0.31 



Impact of Biomarkers at Baseline  
in Cancer Patients 

Pavo et al: Heart 0:1-7, doi:10.1136; 2015 
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<125 pg/mL 
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268  257  239  185  141  62  67% 

277  241  205  153  112  43  49% 

P<0.001 

NT-proBNP 
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Days 
No. at Risk 

<0.49 nmol/L 

>0.49 nmol/L 

<0.49 nmol/L 
>0.49 nmol/L 

544 

192  185  170  142  109  57  71% 

352  312  273  196  144  49  50% 

P<0.001 

MR-proADM 
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Days 
No. at Risk 

<125pg/mL 
>125pg/mL 

 
<66.6 pmol/L 
>66.6 pmol/L 

545 

395  374  340  271  204  95  65% 

150  124  104  67  49  11  38% 

P<0.001 

CT-proET-1 
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) 
Days 

No. at Risk 

<0.005 ng/mL 
>0.005 ng/mL 

<0.005 ng/mL 
>0.005 ng/mL 

544 

271  262  243  198  150  59  69% 

273  236  201  140  104  47  48% 

P<0.001 

hsTnT 



Hs-cTnT Reference Values 
According to Age and Gender 

Mechanisms of Aging and Development  2013 
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Change in hscTnI Values with Comorbidities 
Siemens hscTnI Assay 

% 

Troponin I (pg/mL) 

Left Ventricular 
Hypertrophy (n=184) 

% 

Troponin I (pg/mL) 

GFR ≤60 (n=210) 

Troponin I (pg/mL) 

Ejection Fraction ≤50 
(n=80) 

Troponin I (pg/mL) 

Hypertension (n=514) 

Troponin I (pg/mL) 

Moderate/Severe Diastolic 
Dysfunction (n=126) 

Troponin I (pg/mL) 

Coronary Artery Disease 
(n=221) 

McKie, Jaffe, Clin Chem 59:7, 2013 



Frequency of Elevated Biomarkers  
Over Time 

Lipshultz et al: J Clin Oncol 30:1042, 2012 
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Effect of Dexrazoxane on cTnT Values 

Lipshulz et al: NEJM 351:145, 2004 
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Effect of Dexrazoxane on cTnT Values 

Lipshulz et al: NEJM 351:145, 2004 
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Randomization Schema 

Asselin et al: J Clin Oncol 34:854, 2015; *Sept 2000, based on interim analysis for 
efficacy, Data Safety Monitoring Committee closed methotrexate randomization 

Enrolled 
n=573 

Randomly assigned 
n=537* 

Allocated to standard 
Rx with no dexrazoxane 

n=264 

Allocated to standard 
Rx with dexrazoxane 

n=273 

Did not meet inclusion criteria
 n=35 

Not evaluable for response  n=1 
Total    n=36 



Overall Results 

Asselin et al: J Clin Oncol 34:854, 2015 
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P=0.856 

At risk 

Event 

At risk 

Event 

All Eligible, Evaluable 
Patients Enrolled 

Years 

 Dexrazoxane (n=273) 

  No dexrazoxane (n=264) 

P=0.856 

 273  216  202  176  153  113 

 0    56      5      3      1      1 

 264  208  194  176  142    94 

 0    54      8      2      1      0 

Event-Free Survival 
by Treatment Group 

Years 

 Dexrazoxane (n=273) 

 No dexrazoxane (n=264) 

P=0.8953 

 273  236  218  189  159  115 

 0    36      8      6      2      0 

 264  277  211  189  152  102 

 0    35      9      5      1      0 

Overall Survival 
by Treatment Group 



Echocardiographic Results 
Z Score 

Asselin et al: J Clin Oncol 34:854, 2015; †P comparing 2 groups at each time point; 
‡P for differences in change in mean z scores since BL in Dox vs Dox + Drz-treated pt 
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Frequency of Second Malignancies 

Asselin et al: J Clin Oncol 34:854, 2015 
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P=0.1653 

At risk  273  216  202  176  153  113 

Event      0      2      0      0      1      1 

At risk  264  208  194  176  142   94 

Event      0      1      1      1      0      0 



THE FUTURE 
IS NOW 


