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Cardiovascular Side Effects of Cancer Therapy
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Cardiovascular Side Effects of Cancer Therapy -
Arrhythmia
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Cardiovascular Side Effects of Cancer Therapy -

Ischemia
| Drug Toxic Dose Comments
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Cardiovascular Side Effects of Cancer Therapy Cardiac

Dysfunction - Heart Failure

Anthracyclines

Anthracyclines

Cardiac Dysfunction

Heart Failure

- Doxorubicin
- Epirubicin / Mitoxantrone
Paclitaxel
Cyclophosphamide 1%
Signaling Inhibitors
Trastuzumab (Herceptin®) 3-18 % 4 %
Lapatinib (Tykerb®) 10 % 2%
Bevacizumab (Avastin®) 1-3 %
Sunitinib (Sutent®) 8-15 % 10 %
Sorafenib (Nexavar®)
Imatinib (Gleevec®) 2% Courtesy T Suter 1%




Cancer Statistics USA — 1990-2008

Surviving Rising, Mortality Decreasing
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Data from National Cancer Institute on estimated number of cancer survivors and age-
adjusted cancer deaths/100,000 people




Cancer Survivors Statistics USA
“Nearly 20 (M) by 2020

Projections ““
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DeSantis C, Chunchieh L, Mariotto AB, et al (2014); Cancer Treatment and Survivorship {"@,{2
Statistics, 2014, CA: A Cancer Journal for Clinicians, In press Y




Cancer Survivors Statistics USA
Greatest Increase in Long-term Survivors

Years out from diagnosis

1992 1997 2002 2007 2012 2017 2022

Year

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.EPI1-12-1356. Epub 2013 Mar 27




Cancer Survivors in the USA - 2014
Stratified by Age

m0-19 m20-39 m40-64 mG5+ years of age

95% middle age or above 4-—| L—b = 2/3 elderly

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




Cancer Survivors in the USA - 2014

Stratified by Site

Total: 14.5 M

High lifetime cardiotoxicity risk: @

Urinary/renal
9%, Female breast

Hematologic

Gynecologic \

N
\\

P
Colorectal rostate

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




Breast Cancer Patients
Cause of Death

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

Breast cancer

CvD

//Other causes

’
Other cancer

4 5 6 7 8 9 10 11 12
Year

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




S5-year survival rates
Heart Failure, Myocardial Infarction vs. Cancer
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Heart Disease and Strokes Statistics — 2014 update — American Heart Association




S5-year survival rates
Heart Failure, Myocardial Infarction vs. Cancer
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Childhood Cancer Survivors
Incidence of Chronic Health Conditions
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Cardiac implications of Chemotherapy

Ep|dem|ology of Anthracycline Cardiotoxicity
in Children and Adults

Michelle A. Grenier and Steven E. Lipshultz
Long-term survivors of cancer represent one of
the largest and ever-increasing groups of patients

39
at risk for premature cardiovascular disease.™ A
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Nearly 70% of all children diagnosed with a
malignancy become long-term survivors,
and can reasonably be described as cured
[1]. However, this impressive cure rate has
been achieved at a significant cost in terms
of side effects associated with the intense
treatment needed to achieve these results.
Cons‘equentlv there are now approximately

250,000 long-term survivors of pediatric
cancer [1] at risk for a wide variety of med-

ical late effects of therapy [2], with half of

Cardiac implications of Chemotherapy

ORIGINAL REPORT

these patients having been exposed to an-

velines. It is estimated that more than
halfpfall patients ex p()\t’d to anthracyclines
(ie, more than 60,000 patients) will show

cardiac &1bllOl'll]d|ltl€> on two-dimensional

echocardiography or gated nuclear angiog-
raphy (GNA) testing at 10 to 20 years from
diagnosis [3-5]. Of these, pusslbl\ould
develop congestive heart failure. Arrhyth-
mias are also noted to occur i approxi-
mately] 40% |of patients by 20

years from

diagnosis [3,6], and the incidence of cardiac
abnormalities increases with time |3,7-10].




The Cardiac Implications of Chemotherapy

| Cancer Survivorship: Resilience Across the Lifespan |

Long-Term Outcomes of Adult Survivors of Childhood
Cancer

Results from the Childhood Cancer Survivor Study

2562 CANCER Supplement December 1, 2005 / Volume 104 / Number 11

TABLE 2
Summary of Published Results from the Childhood Cancer Survivor Study

Reference Outcome Study population Selected findings
<

Mertens et al. (2001)° Mortality Full CCSS cohort 10-fold excess in overall mortality; SMR for second cancer, cardiac anc
_ ulmonary, 194, 82, and 9.2, respectively.
Neglia et al" Seromd malignancy Full CCSS cghore™ 6.4-fold excesSTTTa enee=SHEhisrestfTme and breast
PR - cancers, 19.1 and 16.2, respectively.
SKar et al. (200006 7 Thyroid function -~ = Hodgkin disease Relative risk of hypothyroidism (17.1) and hyperthyroidism (8.0);
/ cumulative risk of hypothyroidism for those treated with 4500 cGy
/ or more was 50% at 20 yrs from dia gnosis.

8.2-fold higher cardiovascular mortality




Cardiovascular Morbidity in Long-Term Survivors of
Metastatic Testicular Cancer

By M.T. Meinardi, J.A. Gietema, W.T.A. van der Graaf, D.J. van Veldhuisen, M_A. Runne, 'W.J. Sluiter, E.G.E. de Vries,

PB.H. 'Willemse, N.H. Mulder, M.P. van clen Berg, H. Schraffordt Koops, and D.Th. Sleijfer

Purpose: To determine whether long-term survivors
of metastatic testicular cancer have an increased risk of
cardiovascular morbidity more than 10 years after

chemotherapy
Patients and Methods: Eighty-seven patients treated
with_cisplatin-containina chemotherapy before 1987
whei were in remission for at least 10 years and whose
s were = 50 years at the time of analysis were
evaluated for the occurrence of cardiovascular events.
Sixty-two of 87 panems were oddmonally evaluated for

found. In addition, one patient experienced a cerebro-
vascular accident. Exercise ECG did not reveal cases of
subclinical coronary artery disease. Echocardiograph

showed normal syrsytollc Iz ventricular funcho:?n :,oz
patients, but diastolic left ventricular function was dis-
turbed in 33% of the patients. Of 62 chemotherapy
patients, 79% had hypercholesterolemia, 39% had hy-
pertension, 25% shlrexpenenced Raynaud’s phenom-

enon, and 22% had microalbuminuria. Compared with
patients with stage | dlsease, the chemotherapf ﬁ

‘0 ,. i - 1 ie - -3 4120 1) A4 s | Shatll .3 e Insu'ln
| Concluston. In long-term survivors of metastatic tes-

ticular cancer, we observed a significantly increased
risk for occurrence of cardiac events accompanied by a
persisting unfavorable cardiovascular risk profile. Ac-
curate tollow-up, tocused on cardiovascular complica-

distatic tes-
ncreased
i nied by a
I ofile. Ac-
H omplica-
g cancer

tions and aimed at intervention in these young cancer

survivors, seems to be important.

American

J Clin Oncol 18:1725-1732. ¢ 2000 by American

Society of Clinical Oncology.




Cumulative Incidence of Heart Failure or
Cardiomyopathy During First 3 Years
After Diagnosis by Cancer Therapy

All Anthracycline + Other
cancer trastuzumab Anthracycline Trastuzumab  chemotherapy None
patients n=431 n=5,257 n=437 n=2,712 n=36,700
Observed cumulative incidence (%)
1 year 7.2 16.4°t
2 years 12.3 23.8't
3 years 16.9 28.2°t
Adjusted cumulative incidence (%)
1 year 7.5 22.0t 9.8 16.7 8.4
2 years 13.3 33.2°t 15.3 23.2° 13.7

3 years 18.7 41.97 20.2% 32.17 19.2

‘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

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




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, Cancer-free
no adjuvant therapy Medicare controls
n=36,700 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

3 years 17.2

“P<0.001

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




CORRESPONDENCE

Serum Troponin T Levels in
Adults Undergoing
Anthracycline Therapy

Among the wide vanety of cytotoxic
agents used for anticancer chemo-
therapy today, anthracyclines are agents
with an extremely broad spectrum of ac-
tvity. The use of anthracyclines, how-
ever, 15 limited by their cardiotox:ic po-
tential both in childrer and i adults

Recently, the first encowraging re-
sults with cardioprotective agents to
overcoms this obstacle to a cerain ex-
tent have been published (J-3). Daspite
these promusing data, the exact mecha-
mams uwnderlying anthracyclive-related
cardiotoxzcity have yet 10 be 2stablished.
On= of the most commorly accepted hy-
potheses focuses on the gzperaton of
fre2 radicals with subsequent owdative
damage to membrares of myocardial
calls (4.5).

In view of the fact that serum tropo-
nn T levels become elevated even in
patients with minimal mryocardsal cell
damage, 1.e. unstable angina pectons
(6) or after catheter ablation (our vmpub-
lished data). we performad semal mea-
sursments of oponin T senum levels in
adult patients undergoing their initial
cycle of anthracycline therapy: these pa-
tents did rot have a history of cardiac
diseaze or risk factors. Five patients
were adminiseered doxorubicin (50 mz/
m®) 25 a part of combination chemo-
therapy for makgnant lymphoma (three
patents) or small-cell lung cancer (two
patients), while five patients received
epimubicin (100 mgm®) for pancraatic
cancer (three patients) or gastric or
breast cancer (one patient each). Given
the results obtained in patents with
myocardial damage (6), blood samples
were drawn mmmediaszly before and 1.
4.8, 24, and 48 hours after adminisma-
tzon of therapy 1n order to cover the tme
glf most probadle chanze i serum lev-

s.
In all 10 padents, no chanze in o-

ponin T serum Jevels, as analyzed by a
commercially available enzyme-linked
immunosorbent assay (Enzymwe Tropo-
n:n T; Boshnnger Marnheim Corp., In-
diamapolis, IN), could ba detscted: the
curoff level was 0.2 ngml. The mean
values (in cavograms per mulliliter)
were as follows: 0.02 (95% confidence
interval [CI) = 0.00-0.04) at baseline
and 0.02 (95% CI = 0.00-0.04), 0.013
(95% CI = 0.00-0.03), 0.015 (85% CI
= 0.00-0.03), 0.04 (95% CI = 0.00-
0.08). and 0.025 (95% CI = 0.00-0.05)
after 1, <, 8, 24, and 48 houwrs, respec-
tvely.

Thesa dat are consistant with a re-
port about breast cancer patients undsr-
going Iradiation to the laft breast wall
(7): that report also demonswated no nss
in senum moponin T levels, which thus
decreases the likelihood of acute mmi-
mal call disruption a3 the underlying
cause of cardiotowzcity observed in such
padents Our prelimunary results suggast
that acure damage to myocardzal calls is
not lkely to be mmplicated in cardiotox-
icity due to anthracycline application
Thus, confinnation of our resulss
larger smadies and attempts to further
elucidase potsntal mechanisms raspon-
stble for cardiac seg 2
treatment are clearly Mamanted

Manxvs RADEER
GarsiELa Komex
Grora W ANDER

Joraroms KasTiER
Reference:

(1) Wexler LH, Andrch MP, Veraon D), Berg 5L
Wesver-McClue L, Chen O, et . Random-
1wod il of S candioprotectve sgent ICRF.
157 in podiatrie sarcoms patests ealed with
doceckicin 7 Chn Oncol 199614 362.72

(2) Ligshultz SE Dexasoxane for protection
sgainad caediotonic effects of mntheacyclines in
childen [edioial] T Clin Oncal 199614 323.
3

'3y Hell

K. Anth line card
frevention by dexnceccane bredkiheosgh of &
Do —slsepess antarcr profile wd thera-
et index [olitorial] JChn Onedl 199614
3323

(4) Dorcabow TH. Astlescycline astibitostm-
ubsted superconde, by deogen percside, and by-
deooey ] sudical production by NWADE ddwdro-
persene Ciencer Rea 1983 43 4545.91

, Giwnes L, Zweier I, Muisdi 7, Sinks
A E Role of won o sdrsenycin oo
y. Fed Proc 1986,45:2792.7

(6) Hurss CW, Ravilde J, Gehudt W, Joe-

peraen P, Pebemn E, Ljungdahl L et al. The

Joumal of the Naticzal Cazcer Imstiturs, Vel. 86, No. 2, Jazmary 15, 1997

progncatic valie of serum woponin T o e
stable sgies N Eegl 7 Mad 1992,327 14650

(7) Hughes-Duvies L, Sacka D, Rescigeo J, How-
#0d 5, Hieris ] Serum csedise: woposin T leve
elx diring trestment of early-stage beessl can-
cer J Clis Osool 19951325824

Notes

Affilavians of asthors: M. Raderer, G. Komek
G Wemlinder (Department of Interes] Medicine
Divaices of Oncology) sead J. Kasteer (Department
of Tnterral Medicine, Divisices of Cardiology),
Uksaversity of Vienm, Auwirs

Carrespomdence o Magious Raderer, M D, De-
pretment of Tntermal Medicine, Divincn of Omeol-
ogy, Usiversity of Viesss, Wilwinger Gunel 13-
0, A-1050 Vienss, Asstis

Re: Healthy People 2000

Review: Women's Cancers

The Alliance for Lunz Camcer Ad-
vocacy, Support, and Education
(ALCASE) would like to express its
great concern over the Srar Bite (I) in
the “News™ saction of the October 16
issue of the Journal that lists the cancer-
related objectives for Healthy People
2000: Women's Cancers. Lung cancer is
the leading cancer-related killer of
womsn and is one cancer that can in
most cases, be diractly ammbuted to 2
spacific cause, yet there 15 no mantion of
raducing the rate of lung cancer m the

|objectives. This only reinforces ouwr con-

cemn that lueg cancer 15 muly the disease
with an invisible patient population

I was privileged to attznd the racent
masting iz Washingtor that focused on
smoking it women, especially the nsing
1ates in adolescent zirls and to see a pre-
view of the wonderful programs to
come. However, the bref overview in
the Journal makes it appear that the ouly
orzans in womsn worth saving from
cancer are those imvolvad with repro-
duction.

Prooy McCanmiy

Reference
(1) Kelis B Soar Bue: Healthy Peogle 2000 re-
view: women's cancers J Natd Canoer lrst

199638 1427

Note
Correspondence 10! Peggy McCurthy

ALCASE, 1601 Liscols Ave, Vincouver, WA
FBEED.
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In all 10 patients, no change m tro-
ponin T serum levels, as analyzed by a
commercially available enzyme-linked
immunosorbent assay (Enzymun Tropo-
nin T: Boehringer Mannheim Corp., In-
dianapolis, IN), could be detected: the
cutoff level was 0.2 ng/mlL. The mean
values (1n nanograms per milliliter)
were as follows: 0.02 (95% confidence
mterval [CI] = 0.00-0.04) at baseline
and 0.02 (95% CI = 0.00-0.04), 0.015
(95% CI = 0.00-0.03), 0.015 (95% CI
= 0.00-0.03), 0.04 (95% CI = 0.00-
0.08), and 0.025 (95% CI = 0.00-0.05)
after 1, 4, 8, 24, and 48 hours, respec-
tively.

Sampling at 1, 4 8, 24 and 48 hours




cTnT and histological Changes in Myocardium of SHR

cTnT Control

4 mg/kg of DXR

8 mg/kg of DXR

10 mg/kg of DXR

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

Tade N e SORRESE
SN

Nomarski control

Focal disruption of cross

striations

Cytoplasmic vacuoles, loss of
| bands

Cytoplasmic vacuoles and

myofibrillar disruption




Levels of cTnl in Patients Treated with Adriamycin

P<0.00001
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Left Ventricular Dysfunction Predicted by Early
Troponin I Release After High-Dose Chemotherapy

Daniela Cardinale, MD, Maria Teresa Sandri, MD,} Alessandro Martinoni, MD, Alessio Tricca, LabTech,}
Maurizio Civelli, MD, Giuseppina Lamantia, MD, Saverio Cinieri, MD,* Giovanni Martinelli, MD,*
Carlo M. Cipolla, MD, Cesare Fiorentini, MD

Milan, Italy

e 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




Results
Troponin I Positivity

n = 65 pts (32%)
Tnl pos

n = 139 pts (68%)

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




Change in LVEF

50

*P<0.001 vs baseline Months
$P<0.001 vs cTnl-group
J Am Coll Cardiol 36:517-22, 2000




Change in Volumes and LVEF

P<0.001
I I

clnl+ cTnl-
=D\

J Am Coll Cardiol 36:517-22, 2000
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Relationship of Elevations of
cInl and LVEF
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| P<0.0001




Prognostic Value of Troponin I in Cardiac Risk
Stratification of Cancer Patients Undergoing
High-Dose Chemotherapy

Daniela Cardinale, MD: Maria T. Sandri, MD: Alessandro Colombo, MD: Nicola Colombo, MD;
Marina Boeri, MD: Giuseppina Lamantia, MD: Maurizio Civelli, MD: Fedro Peccatori, MD;
Giovanni Martinelli, MD: Cesare Fiorentini, MD; Carlo M. Cipolla, MD

@703 patients (216 males)
@age 47112 years

@treated with HDC

@poor prognosis malignancies

JJ Follow-up = 48 months
7 MACE incidence

Tnl serum determination:
SEEEIE = before HDC
Early = soon after HDC (0,12,24,36,72 hours)
Late = 1 month after HDC

Circulation 2004




Cardiac Events
3.5 year-follow-up

Transient
Tnl +

Sudden death

Cardiac death

Acute pulmonary edema
Heart failure
Asymptomaticd LVEF >25%

Life-threatening arrhythmias ]
Conduction disturbances
requiring PM implantation 1%

*= p<0.001vs.Tnl - #=p<0.001 vs.




Cardiac risk stratification

High risk

Transient Tnl+ Intermediate risk

Low risk

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




Jpn. J. Pharmacol. 88, 183 — [88 (2002)

Beneficial Effects of Angiotensin-Converting Enzyme Inhibition
in Adriamycin-Induced Cardiomyopathy in Hamsters

ABSTR
angiote 1s
induced ¢
times we
perday.p
and ACE
ha nsters
ir the rat

eazymes,
ria mycin-
Lp., three
20 me/kg
e veh.cle-
-matcined
1 increase
diac ACY

?Cli\’ily, but not e CHYHIAdT autivily, HI UIC VOHICIC DAIDICIS Wad SIZITICAIly HICIcocu i wmparison (8
that in the control hamsters. In the ACE inhibitor-treated group, the increased ACE activity was reduced
significantly, and the cardiac hypertrophy and dysfunction were improved significantly. In adriamycin-
induced cardiomyopathic hamsters, cardiac ACE activity was increased and ACE inhibition significantly
improved cardiac function and survival rate, indicating that cardiac ACE, but not the chymase, plays the

pivotal role in the development of the adriamycin-induced cardiomyopathy.




Troponin I Early Positivity

443 pts
High-dose CT
Tnl + = 114 pts (24%)

*®
Controls (Z&

v n=56pts n=58pts

v' started 1 month after HDC
v' continued for 1 year

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




Prevention of High-Dose Chemotherapy—-Induced
Cardiotoxicity in High-Risk Patients by
Angiotensin-Converting Enzyme Inhibition
Daniela Cardinale. MD: Alessandro Colombo. MD: Maria T. Sandri. MD: Giuseppina Lamantia. MD:

Nicola Colombo. MD:; Maurizio Civelli, MD:; Giovanni Martinelli. MD: Fabrizio Veglia, PhD;
Cesare Fiorentini. MD: Carlo M. Cipolla, MD

LVEF decrease >10 percent units + <50%

Patients (%)

0%

ACEI group Controls
(n=0) (n=25)




I'nl Values in Both Groups

100100

Bl ACEI group
Control subjects

80 -

60 -

% 40 -
20 - 10
. 0 0 0 3
0 - a—
M1

Early M2 M3 M6 M12

No. 56 56 56 56 56 55
Tnl (ng/mL) 0.18x0.38 0.15%0.34  0.02+0.02 0.01x0.01 0.01x£0.01  0.00x0.01

Circ 114:2474, 2006




LVEF with and Without ACEI
Controls ACEI Group
| |

1' T No Tnl increase T _I_ T T T

No Tnl increase

I
\a\-l- T T | O O—=— S

: — ‘\‘

Tnl increase

Tnl increase

i
|
|
|
|
|
|
v
1

|
|
|
|
|
|
|
v
1

Pre- 3 Pre-

3
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Circ 114:2474, 2006




Secondary end-points

follow-up 12 months

Controls
n=58

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

Cardinale et al. Circulation 2006




Dobutamine Stress Test
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Changes in Ejection Fraction
in Treated and Control Groups

Intervention
Group

63.3%1.3

30

Baseline 6 months

Bosch et al: JACC, 2013
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Timing of Clinical Effects of Trastuzumab

Time to Detection of Trastuzumab Toxicity
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Timing of Clinical Effects of Trastuzumab

Time for Resolution of Trastuzumab Toxicity
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Timing of the Detection of Trastuzumab Toxicity
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CHARACTERISTICS OF PATIENTS RECOVERING OR
NOT FROM CARDIAC DYSFUNCTION

LVEF No LVEF
Recovery Recovery
n = 25). (n =17).

Characteristics No. % . %
Age, years 508 56 =11

Hypertension 28 21
Diabetes 0
Hypercholesterolemia

Current or past smokers
Family history of CAD
LVEF before trastuzumab therapy

LVEF at trastuzumab withdrawal

TNI+ at baseline

TNI+ during trastuzumab treatment
ACEI + BB association

Affected breast (left)

Metastatic disease

Chest wall radiotherapy (left)t




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

Normal
TNI
(n=215)
Event . . No. %
Severe LVEF reduction (< 30%) 1

Cardiac death 0

Acute coronary syndrome

Acute pulmonary edema

Heart failure

Arrhythmias requiring treatment 5

Cumulative events 22

Abbreviations: TNI, troponin I; TNI+, elevated TNI; LVEF, left ventricular ejection fraction.
*P <.001 v elevated troponin | (by Fisher’s exact test).
Reference: J Clin Oncol 2010;28(25):3910 -3916.




Comparison of Normals Detected With
Various Assays

Singulex hsTnl
ARCHITECT hsTnl

Siemens hsTnl

Beckman Access hsTnl
Roche hsTnT

Beckman Tnl

Siemens Tnl Ultra (Centaur)
Siemens Tnl (Immulite)
AXSYM Tnl

ARCHITECT Tnl

OCD Tnl

Siemens Tnl (Dimension)
Roche Tnl

Siemens Tnl (Vista)

IL cTnl

Abbott ISTAT

Siemens Stratus

Alere

BioMerleux

-
©
S
(o]
(o
£
()
]
c
o
&)

"
>
@
]
)
<

40 60
Detected (%)

Apple et al: Clin Chem 58(11):56, 2012




cTnl (Singulex) After Hydralazine in Rats
Dose of 25 mg/kg

10,000 T

1,000

6hr 24hr 30hr 48hr  6hr 24 hr 48 hr 30 hr 48 hr
Vehicle Hydralazine X1 Hydralazine X2

Mikaelian et al, 2009




cTnl (Singulex) After Rosiglitazone in
Rats
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Use of echo and hsTnl to predict cardiotoxicity
following trastuzumab and anthracycline
chemotherapy

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

following AC based chemotherapy 19% of patients had
0

concentrations of hsTnl
>45pg/mL immediately
after treatment.

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

Troponin | measured 3,
6 and 9 months was not
predictive of later

Time (months) cardiotoxicity.

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




Decline in Ejection Fraction in Those

with Cardiotoxicity
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Prediction of Cardiotoxicity with hscTnl (Siemens) and
MPO by Quartiles of Change from Baseline to Visit One
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Predication of Cardiotoxicity With hs-cTnl (Siemens) and
MPO by Quartiles of Change for Each

Biomarker levels
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Change in cTnl and MPO

Decline in Ejection Fraction in Those with Cardiotoxicity
Tnl MPO
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Longitudinal Association Between Increases in
Biomarkers Relative to Baseline and Cardiotoxicity

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

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

hsTnl 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

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

Putt et al: Clinical Chemistry 61:9, 2015




Impact of Biomarkers at Baseline
in Cancer Patients

NT-proBNP

m— >125 pg/mL
— <125 pg/mL

P<0.001

Overall survival

200 400 600 800

_ Days
No. at Risk 545

<125pgimL 268 257 239 185 141
>125pgimL 00 41 205 153 112

CT-proET-1

=— <66.6 pmol/L
m— >66.6 pmol/L

MR-proADM

m— <0.49 nmol/L

P<0.001

Overall survival

1,000 1,200

No. at Risk 544
62 67% <0.49 nmol/L 192
43 49% >0.49 nmol/L 352

P<0.001

200 400

Overall survival

No. at Risk 545
<125pg/mL 395 374 340
>125pg/mL 50 424 104 67 49

>0.49 nmol/L
200 400 ($1010) 800
Days

185 170 142
312 273 196

hsTnT

= <(0.005 ng/mL
e >(0.005 Ng/mL

1,000 1,200

P<0.001

Overall survival

1,000 1,200

No. at Risk 544

95 65% <0.005 ng/mL 271
1 38% >0.005 ng/mL 273

Pavo et al: Heart 0:1-7, doi:10.1136; 2015

200 400 600 800
Days

262 243 198 150
236 201 140 104

1,000 1,200




Hs-cTnT Reference Values
According to Age and Gender
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Change in hscTnl Values with Comorbidities
Siemens hscTnl Assay

Left Ventricular Ejection Fraction <50 Moderate/Severe Diastolic
. Hypertrophy (n=184) . (n=80) . Dysfunction (n=126)
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Frequency of Elevated Biomarkers
Over Time

Post
doxorubicin

with detectable cTnT

B
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Proportion of elevated
NT-proBNP samples
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hsCRP samples

0.2 -
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0.0
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Lipshultz et al: J Clin Oncol 30:1042, 2012




Effect of Dexrazoxane on ¢cTnT Values

B Doxorubicin B Dexrazoxane + doxorubicni
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Effect of Dexrazoxane on ¢cTnT Values

B Doxorubicin B Dexrazoxane + doxorubicni
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Randomization Schema

Enrolled
n=573

n=35

Not evaluable for response n=1

Randomly assigned
n=537*

Allocated to standard Allocated to standard
Rx with no dexrazoxane Rx with dexrazoxane

n=264 n=273

Asselin et al: J Clin Oncol 34:854, 2015; *Sept 2000, based on interim analysis for
efficacy, Data Safety Monitoring Committee closed methotrexate randomization
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All Eligible, Evaluable Event-Free Survival
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Asselin et al: J Clin Oncol 34:854, 2015
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LV fractional shortening
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Echocardiographic Results
Z Score

TP=0.053 TP=0.005
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T 1
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® -0.90
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LV wall thickness
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-0.8 n=145 | J_ l n=79
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1P=0.013 1P=0.206

) . 'n=38 vs n=49 n=52 vs n=53
Time since start of Dox Rx

— Standard Rx only

—— Dex + standard Rx

Asselin et al: J Clin Oncol 34:854, 2015; TP 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




Frequency of Second Malignancies
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