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Cardio-Oncology: How big Is the problem?

Pulmonary Hypertension Pericardial HD Cardiac Arrhythmias

Diagnosis & Prognosis
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Where EF Is not enough

Functional Marlker

Echo Modality

Other Modality

Left ventricular

Systolic mechanics
Diastolic dysfunction
Hemodynamics
Viability & ischemia
LV synchrony

LV mass

Myocardial characterization

Non-LV

RV size and function
Left atrial size
Mitral regurgitation
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Tissue velocity and 2D strain
Tissue velocity, LA size
Doppler

2D strain, MCE, stress
Tissue velocity and 2D strain
3D

2D strain

Tissue velocity and 2D strain
2D and 3D echo
Doppler, 3D

CMR
CMR
RHC
CMR, PET
CMR
CMR

CMR
CMR
CMR

Marwick, T.H. J Am Coll Cardiol. 2018;72(19):2360-79.
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We need more reproducible parameters

EF Temporal Variability (SEM)

D T T T T T
Bi Bi+ CO Tri Tri + CO 3D 3D+ CO
EF SEM 0.049 0.058 0.059 0.085 0.028 0.051
95% CI (0.045-0.054) | (0.053-0.065)" | (0.054-0.085) | (0.058-0072) | (0.025-0031) | (0.046-0.057)"

3DE variability (5.8%) vs 2DE (9.8%)

Thavendiranathan P et al. J Am Coll Cardiol 2013;61:77-84
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EF vs strain
What's new?
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The added value of the 3D

* Precise LVEF
. measurements
Technical

ISsues

« Experience
* Time consuming
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3DEF Automated Quantification

Reproducibility
Manual 3DE vs Automatic 3DE

Inter-technique comparisons Intra-technique comparisons
Core Lab manual Core Lab Heart Model
reference _LV EF reference
O —
With no corrections With corrections With no corrections With corrections

EF (%)

BEF (%)
§558Gs59888s ¥ 8 0§ %

|d Eur Heart J Cardiovasc Imaging. 2018 Jan 1;19(1):47-58 J Am Soc Echocardiogr 2017 Nov;30(11):1049-1058
I
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3D Dynamic Automatic Quantification

VLAnalysis time (<30 sec); Feasibility >90%; TReproducibility

Multi-beat analysis (5 beats)

Eur H J - Cardiovascular Imaging (2017) 0, 1-12 EurHJ-CVI 2017;0,1-12 J Am Soc Echocardiogr 2017;30:1049-58
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3D Dynamic Automatic Quantification

[ElAverage (1, 2, 3)

[ElLeft Ventricle
EDV
ESV
EF
EDL
ESL
SV
CI
ED Mass

El Left Atrium
LAVmax
LAVmin
LAEF
LAVI

EHR
HR
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154 mi

54 mi

65 %

9.0cm

6.8cm

99 ml

3.61 I/min/m?
166 g

68 ml

19 ml
12%

31 ml/m?

80 bpm

Overall
ol (n=112) -+ No CTRCD (n=86)
75- -& CTRCD (n=26)

65
604 =087
55
50+
454
404
35

20
30

p=0.05

LV Mass Index, grm?

p=0.06 for group difference
T T
Baseline 3 Months

Plana JC Euroecho 2016

Predictors of atrial fibrillation in ibrutinib-
treated CLL patients: a prospective study

Gianluigi Reda" @, Bruno Fattizzo?, Ramona Cassin’, Veronica Mattiello”, Tatiana Tonella®, Diana Giannarell,
Ferdinando Massari® and Agostino Cortelezzi’

Reda et al. Journal of Hematology & Oncology (2018) 11:79
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LV function question
et 0 it st

==

==

Marwick, T.H. J Am Coll Cardiol. 2018;72(19):2360—79.
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We need more sensitive parameters

Early HF treatment (EF-based)

11% Full recovery
65 71% Partial recovery

60
55

50

LVEF (%)

45

40

N=2625; 9% Ctox (98% 15t year)

35
3 6 9 12 18 24 30 36 42 48 54

& g month

Cardinale D et al. Circulation 2015;131:1981-88
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Deformation imaging: what we know?

HF re-classification with GLS

Severe LVD Non-severe LVD Borderline Normal LV
EF <35% EF 35-45% EF 45-53% EF >53%

5

Very severe Severe Reduced Borderline Normal Supranormal
GLS <8% GLS <12% GLS <12-16% GLS 16-18% GLS 18-20% GLS >20%

- Patients at risk of HF - Patients with HFpEF

EurJH F 2016; 18: 1331-1339 J Am Soc Echocardiogr 2015;28:652-66 J Am Coll Cardiol Img 2018;11:260-74
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Deformation imaging: what we know?

2D Speckle tracking: pros and cons

1. Feasibility >90%

2. Analysis time <2min
3. GLS Standardization
4. Reproducibility

5. Learning curve

* No universal normal values
* Load dependence

Lépez-Fernandez T et al. Rev Esp Cardiol. 2017;70(6):487-495
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Deformation imaging: what we know?

2D Speckle tracking standardization

GE Philips |Samsung | Siemens | Toshiba | Epsilon | Tomtec

Hitachi-A.| Esaote

EFg,

I

| E | LVEDD | PW | GLS,,

GLS,,

o

12 »
Interobserver variability
T §___ LVEF
g variability
g
@
E 20
5
:
2 a- 1
§ g
= 24 Em
g
0 A v v v r . v v r 5
E/A J V5 {

J Am Soc Echocardiogr 2015;28:1171-81
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Deformation imaging: what we know?

2D Speckle tracking reproducibility

Precision and stability of parameters for assessment of LV systolic
function in clinical trials: lessons from the SUCCOUR Trial

Coefficient of Variance between Core lab and Sites

CV (%)
] Pinteraction= 024
Pirena=0.43
6.07
EF2D
5.0
oL /\ -
407 - \/
EF3D
3.0
CVgis Vs CVypee P< 0.001
CV3per VS CVype P< 0.001
2.0

T T T T T
Baseline 3M 6M IM 12m

IdiP2

054 amoine 5o w—izm

Corelab 21.242.2 19.6+2.2 19.5%2.6 19.1+2.2 19.4+2.4
Site 20.3+2.2 19.4%2.4 19.3+2.8 19.3%2.5 19.5%#2.4

I I

Corelab  61%3 5814 584 574 5716
Site 6216 6116 60%7 6016 607

N I N

Corelab 604 5814 58%4 5714 5715
Site 61+4 5945 59+5 5915 5815

Negishi et al. ACC 19 presented (1174-321)
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Deformation imaging: what we know?

Implementing quality control of GLS: the learning curve

Pireng = 0.001 N GLS
- 10
No=0 Poverail = 0-019 EXP Fellows Sonographers
Limited=1-20 204 © Pag = 0.014
Intermediate 21-100 5
High >100 cases 15 4
Expert >1000 cases - _ .
] I ESE RS
8 AL
[«] i
5
% 2
E Case No. 1-25  26-50 51-75 76-100 1-25 26-50 51-75 76-100
0 T T T T
No  Limited|Intermed High Minimum of 50 studies for training to
n=13 n=12] n=10 n=23 achieve competency in GLS analysis

Negishi et al. J Am Coll Cardiol Img 2016 JASE 2017 Nov;30(11):1081-1090
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Echocardiographic reference ranges for normal

left ventricular 2D strain: results from the
EACVI NORRE study

N=549
45.6 £ 13.3 yo 2

[ ]GE ®

LI N HH
iz Philips

*
P <0.05 vs GE

GLS low normal values
-16,7% men
-17,8% women

|diF

Total Male Female

I Average longitudinal strain (%) [ ] Average circumferential strain (%)

- Average radial strain (%) - Twist (Degrees)

GCS low normal values
-22,3% men
-23,6% women

European Heart Journal - Cardiovascular Imaging (2017) 0, 1-8
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Deformation imaging: what we know?

2D Speckle tracking: not a single plane!!

@ Cardiotoxicity =~ m No Cardiotoxicity

o, 4CVLS &3 2CVLS
L .
30 4 30 -
] L
1 =
20 4 0, a ® - - 20 4
FN 5% T E
] o ] .
" 10 4 . ® g "#_._, ; 10 .:‘_‘5'-
] im " - - - = . S I
T 0-N_ False Negative, 5 (4.6 %) ..- L] ‘_','._f" ¢ . True Negative, 75 (69.4 %) g 0 m ®
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% Dec GLS %Dec GLS

Discordance rate of 11% Discordance rate of 15%
Diagnostic accuracy of 89% Diagnostic accuracy of 85%

JACC Cardiovasc Imaging 2018, 11(8):1109-1118.
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Deformation imaging: what we need?

Auto-strain
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Deformation imaging: what we need?

Auto-strain

Global LV Length

GLS_Endo_Peak_A4C: -
GLS_Endo_Peak_A2C: -
GLS_Endo_Peak_A3C: -
GLS_Endo_Peak_Avg: -

Peak-Systolic
Longitudinal Strain [%]
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Deformation imaging: what we need?

Auto-strain

RVFWSL: -27.3 %
RV4CSL: -21.1 %
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Baseline risk

GLS risk stratification

° EF 50_55% 450 pp; F/U 4,3y; 6% ECV

150+ P<.001

GLS >-17.5%

J

| Tx6 RR
cines,, e el £ Death/HF
« CAD "o IHD

« Smoking
« HTN
DM

Chi-square

Eur H J Cardiovasc Imaging 2015; 16: 977-984 J Am Soc Echocardiogr 2016;29:522-27
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Early identification of injury during therapy

ROC Curve

{GLS >14.6% at 3m

Ul — aats
4 GLSR-S
4 GLSR-E

A8 o
—l::o'nnnlln- 16,0‘%) _ 146/0
14,0% -
12,0%
10,0%
8,0% -
6.0%
4,0%
2,0% -
0,0% -

N=173
77% female

Feasibility 86%
P=0.011

Sensitivity

CTRCD NO CTRCD

%% 02 04 . ?'s 08 10 mm\l}‘o (12 months) (12 months)
95% Cl, 8.3%—-14.6%; VPN 91% 10.4% VEF=10% to EF<53%

lGLS >11% IGLS >14.6%

Eur H J Cardiovasc Imaging 2014;15(Suppl. 2): ii109-36
JASE 2013; 26:493-8
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Early identification of injury during therapy

GLS [%] HsTnT [ng/mL]
0 0.016 -
" 0.014 1
0.012
04 0.010 -
0.008
=18 0.006 ;
a a
a
55 0.004
0002 | 4
=58 o) I

Before 3rd 6-8th Flu Before 3rd

6-8th

LGLS+/-Ttroponins predicts LVD with a high NPV
ldi ;16(3):300-8
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Cardio-protection treatment guidance

: Consult cardiologist®
Drop of 10 points :
to LVEF <53% Yes —»| CTRCD |$ Repeat TTE in 2-3 weeks
Relative drop of GLS as HF Treatment

compared to baseline

VAN

< 8% > 15% TcTroponins Do not modify anticancer
therapy

Stage B HF

N0 e;":.e’.‘cel ot Subclinical | |
subcinica LV dysfunction* Consider early cardio-

LV dysfunction . .
protective intervention

Idi Eur H J 2016; 37:2768-2801; J Am Soc Echocardiogr 2014;27:911-39; Rev Esp Cardiol. 2017;70(6):474—-486
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Prediction of LVD recovery

Echo Parameter Median (IQR)

Left ventricular structure

LV end-diastolic volume, ml 117 (104, 132) ——

end-sysiclic volume, ml B (b8, ED} 142 ——

|L\J’m;;;a (114 1641035 [ |

Relative wall thickness (0.31,0.39) ——

Left ventricular diastolic function

Efe' 7.6 (6.1, 9.6) —_—

Left ventricular contractility

198 (151,239) e

Ees.., mmHg/ml
Longitudinal strain, %
Circumferential strain, %

Ventricular-arterial coupling

Ea, mmHg/mi

Meridional ESS, 10° dynesfem®
Circumferential ESS, 10° dynes/cm
Ea/Ees,,

Z

-12.8 (-15.2, —10.8) ——
-21.2 (-254, -17.9) ———
s

2.35 (2.02, 2.82)

99.5 (85.0, 116.9) ——
150 {136, 166) ——
1.31(1.09, 1.47) ——

rTrrr 71T T TT1
-3-2-10 12348567 89101
Change in LVEF (%) per IQR Decrease in Echo Paramelar

CONCLUSIONS: Doxorubicin and trastuzumab resulted in modest, persistent
declines in LVEF at 3 years. Changes in volumes, strain, and ventricular-arterial
coupling were consistently associated with concurrent and subsequent LVEF

declines and recovery across therapies. Ky B et al Circulation. 2017;135:1397—1412.
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End-treatment and long term cancer survivors

IdiPAZ

St Jude Lifetime Cohort Study: 1820 patients (mean age 31; F/U 23 years)

50+
o =
EF>50% = Anthracycine Only

3 1 ’ 8 % ‘L G L S : EEE:: g; gr?thyAnthracycline

231233

40+

(V%)
?

Prevalence (%)
@)}
R
o=

G

S
I

Global Global Diastolic Lateral e Left Atrial Reduced
Longitudinal | Circumferential Grades 1-3 Volume Exercise
train Strain Capacity

- : : : ; Functional
Systolic Dysfunction Diastolic Dysfunction

J Am Coll Cardiol 2015;65:2511-22

" 3D EF <50%
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Abnormalities in 3-Dimensional Left
Ventricular Mechanics With Anthracycline
Chemotherapy Are Associated With
Systolic and Diastolic Dysfunction

3B

@

54 4

LVEF (%)

50 1

7 —— -
28 / ‘-H-\"'H.._\_\__\_-\--\_ _'___'___'_,_.o-""'f

-27 4

A\
i
il
/
f
f
C i mierential SEain (%6

Years Since Cancer Therapy initiztion Years 5ince Cancer Therapy initiation

= 30 LVEF ZDLVEF =— 3D GCE risjriad

Both 3D LVEF and GCS had independent value in predicting
subsequent reduction in 2D LVEF (over 2D LVEF and 2D GCS)

Id JACC Cardiovasc Imaging2018 Aug;11(8):1059-1068.
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Future Needs

o A ™7
|d A /
IFAL

FEVI o Strain: ¢ realmente tenemos dudas? @TeresalLpezFdez H U La Paz, IdiPAZ



Cardio-protection treatment guidance
SUCCOUR Trial

International multicenter prospective
randomized trial

N=320 (88% BC) F/U 3y

Inclusion criteria

Cardiotoxic chemo + =1 HF-risk factor

HF-risk factors
34% Hypertension
10% DM

Baseline
3DEF 61+4%
GLS 20.3+2.5%
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Chemotherapy (n = 320)
Anthracyclines with age >65, HF risks, high dose or
other cardiotoxic agent (e.g., trastuzumab)

Y

RANDOMIZE
|
Strain guidance (160) EF guidance (160)
Cut off 212% fall Cut off >10% fall asympt, >5% sympt

Allow for 22 glliowjioyaz
to dropout to dropout

Strain guidance (138) EF guidance (138)

|
Reduced EF Reduced strain Preserve_d EH Reduced EF Preserve d EF
& strain
Cardioprotective therapy No treatment Cardioprotective therapy No treatment

} v : | :

Follow-up (2 years)

J Am Coll Cardiol Img 2018;11:1098-105
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Need to agree on monitoring protocols

StageA ' StageB

Stage C Stage D

!
|
Risk Stratification | Screening for Symptomatic | Advanced
!
!

and Modification | LV Dysfunction

. HF HF
_Cancer Therapeutics 3

Anthracyclines

VEGF Inhibitors

Proteasome Inhibitors

Immune Checkpoint
Inhibitors

!

!

|

!

!
4

:

!

HER-2 Therapy :
: i
I

I

!

!

|

!

!

Kenigsberg B et al. JACC Heart Fail. 2018 Feb;6(2):87-95.
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Take home messages: Cardiac imaging in CO

LVEF is the currently recommended method to
guide therapy

3D echo is the method of choice for sequential
calculation of LVEF

GLS is more sensitive than 2DEF for the
detection of minor changes in LV function (Better
Intra and inter-observer variability than LVEF)

Cardio-Oncology Team
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Abril — Junio Programa de formacion en
Cardio-Onco-Hematologia

2019

Un proyecto de:

CARDIOLOGIA
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MARTES

MODULO |
ACTUALIZACION EN INSUFICIENCIA CARDIACA
EN PACIENTES ONCO-HEMATOLOGICOS
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2019
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07

mayo
2019
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CANCER Y RIESGO CARDIOVASCULAR:

NECESIDAD DE EQUIPOS MULTIDISCIPLINARES
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MODULO Il
ANTICOAGULACION Y CANCER ACTIVO.
4QUE SABEMOS Y QUE NOS FALTA?

junio
2019

cohl9.secardiologia.es
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Cardio-Onco-Hemato (COH) en
la practica clinica

Formacion de equipos
en Atencion Primaria

Grupo de
Cardio-oncologia
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