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Why VHD matters in cancer patients

* The coexistence of cancer and valvular heart disease is
increasingly common and clinically important due to
increased survival of cancer patients, aging and share
risk factors (smoking, obesity, diabetes).

* Unfortunately severe VHD can limits therapeutic High blood
options in cancer patients (increased risk of surgery, B

Chronic lung
disease.

increased risk of cardiotoxicity due to antineoplastic
drugs)

* On the other side cancer therapies (radio and chemo)
can favor the occurrence of VHD

* Moreover cancer patients are under-referred for valve Deficlancy
interventions (concern regarding life expectancy and
comorbidities).

&
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|

Kidney disease
and failure.

Obesity.

— Early identification and management of VHD can improve outcomes.



VHD in Cancer Patients: Possible Scenarios

1. Patients with pre-existing VHD or incidentally diagnosed
before cancer therapy.

2. VHD occurring or worsening after cancer treatment (i.c.
radiotherapy ).

3. Endocarditis (related to immunosuppression, catheter use,
or combination treatments)

4. Nonbacterial thrombotic endocarditis (as the first possible
symptom of cancer)



1. Patients with pre-existing VHD

Pre-existing VHD increases
risk from cancer therapies
(surgery and chemo) and
limit therapeutic options.

HFA-ICOS baseline cardiovascular toxicity risk stratification—previous

VD (1)

Baseline CV Anthracycline HER2-targeted VEGF BCR-ABL
toxicity risk factors chemotherapy therapies inhibitors inhibitors
HF/
cardiomyopathy/ VH VH VH H
CTRCD

VHD H H - -
Vii'G or CABG H H VH =
Stable angina H H VH -
Arterial vascular
disease
Abnormal ankle-
brachial pressure - - - H
index
PH - - - H

www.escardio.org/guidelines

Multiple Myeloma RAF and MEK

therapies inhibitors
VH VH
- H
- H
- H
VH -

2022 ESC Guidelines on cardio-oncology
(European Heart Journal; 2022 — doi: 10.1093/eurheartj/ehac244)

@ESC
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Baseline CV toxicity risk assessment checklist

ECG, TTE, and
cardiac biomarkers
abnormalities
Clinical assessment Complementary tests
« Cancer treatment history * BNP or NT-proBNP®
¢ CV history ¢ cTn®
* CVRF * ECG
* Physical examination » Fasting plasma glucose / HbAlc
* Vital signs measurement * + Kidney function / eGFR
* Lipid profile
* TTE®
@Esc—

ESC Guidelines Cardio-oncology 2022



Managing Untreated VHD During Cance

1.Frequent CV surveillance is
recommended in patients with
VHD receiving cardiotoxic
cancer treatment
(echocardiographic evaluation,
measurement of biomarkers).

2.The frequency of
surveillance should be
individualized guided by the
patient CV toxicity risk and the
type of cancer treatment.

I

Therapy

HER?2-targeted therapy surveillance protocol
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Managing severe VHD before cancer

Severe, life-threatening VHD must be addressed before

cancer treatment because they may limit cancer treatment

options

No specific recommendation regarding management of VHD

in cancer patients

Refer to 2022 guidelines for NCS and 2025 VHD but
In the decision to treat take into consideration:

» estimated life expectancy and comorbidities

freatment

* Expected benefits in term of addressing cancer treatment

 MDT (oncologist, cardiologist, cardiac surgeon) is crucial to

decide the best treatment option

Recommendations

A MDT approach is recommended to discuss and define the surgical risk in CS

with severe VHD.

Class Level

C

Recommendations Class?

In patients with cancer and pre-existing severe
VHD, management according to the 2021 ESC/
EACTS Guidelines for the management of VHD is 1

recommended, taking into consideration cancer

prognosis and patient preferences.>®’

In patients with cancer developing new VHD
during cancer therapy, management according to
the 2021 ESC/EACTS Guidelines for the
management of VHD*% is recommended, taking

into consideration cancer prognosis and patient

Level®

ESC Guidelines Cardio-oncology 2022



SEVERE AORTIC STENOSIS

Patient with severe AS requiring NCS

A

-

Urgent NCS

v

Risk of NCS

HIGH

v

Consider TAVI
or balloon aortic
valvuloplasty
before NCS
if doable, or NCS
under strict
monitoring

\

Elective NCS

l

N Symptoms

f & or LV dysfunction
f

~/" > Risk of NCS Y
T v

HIGH * AV procedure

LOW-MODERATE r (TAVI/SAVR) T
HIGH LOW
Heart Team
b stri?tC;::i(tjgrrin decision:
< SAVR or TAVI

Patient risk for

@esc @EACTS

Patient with severe symptomatic AS o with LVD

if high risk NCS can be deferred should be treated
after Heart Team evaluation to determine whether
SAVR or TAVI is preferable.

TAVI may be preferred to SAVR in cancer patients for :
Faster recovery

Risk of infections in immuncompromised patients
(leukemia pts)

Risk of bleeding

ADDITIONALLY TO BE CONSIDERED IN
CANCER PATIENTS:

e Cancer prognosis and estimated
life expectancy (>12 m) and
comorbidities

« Utility to complete cancer
treatment (LV's ability to cope with
fluid overload needed during
chemotherapy)



2. Patients with VHD After cancer treatments

2a.VHD related to Radiotherapy
2b. CTRCD-related valve disease

Treatment of is the same as functional valve disease
from other causes. The mainstay of treatment is
pharmacological management of HF (beta-
blockers, sodium-glucose cotransporter 2 inhibitors,
angiotensin-converting enzyme
inhibitors/angiotensin I receptor blockers,
sacubitril/valsartan, mineralocorticoid receptor
antagonists, diuretics).

Pulmaonary

Valve

Tricuspid Valve

Antineoplastic drugs favoring
VHD:

anthracyclines,

anti-HER-2

monoclonal antibody,
combination RAF/MEK inh.

Mitral Valve

Aortic Valve



2a.VHD After Radiotherapy

* Especially in patients receiving mediastinal radiotherapy
(limphoma, lung, breast) between 1965 and 1995 before TS
the era of modern radiotherapy planning .

leading to coronary artery disease
(years/decades post RT)

CHEST RADIATION EXPOSURE

Microvascular injury

Valve endothelial injury
and dysfunction

Reduces myocardial capillary

* Radiation causes inflammation, collagen accumulation, GRARIY WAHRIN OOOME RIS AT) v
. . . fe . . Leaflet fibrosis, thickening,
fibrosis, and calcification. Affects not only valvular tissues Reduced flow to Reduced collatera inrezsed apitary [l shortening an caliicatio
myocardial « territory » flow/vascular reserve i : L )
but the WhOIe hea rt and Vessels (often subclinical) pericardium,

thickening,
adhesions

VALVE REGURGITATION
and/or STENOSIS

* Latency can span years or decades. MYOCARDIAL ISCHEMIA

PERICARDIAL

REGIONAL WALL PROGRESSIVE MYOCARDIAL EFFUSION/CONSTRICTION

MOTION FIBROSIS
ABNORMALITIES

Risk factors:

PROGRESSIVE DECLINE IN LV

»
<

LV VOLUME/PRESSURE
. SYSTOLIC AND DIASTOLIC OVERLOAD
* Dose (total >30Gy, dose per fraction >2Gy/day) - il
ASYMPT! IC STAGE CHEMOTHERAPY
* Concomitant administration of cardiotoxic systemic agents

(i.e. anthracyclines)

 _Patient-related factors: younger age (<50 years) and CV risk
factors ’(hyperten5|on, SmOkmg’ dlabetes..etc), Previous Lancellotti et al. European Heart Journal — Cardiovascular Imaging
heart disease (2013) 14, 721-740




ECHOCARDIOGRAPHIC FEATURES OF RADIATION INDUCED
VALVULAR HEART DISEASE

From: Edyta Plonska-Gosciniak et al. Kardiologia Polska 2022

Valve disease

o Valve apparatus and leaflet thickening, fibrosis, shortening, and calcification
predominant on left-sided valves (related to pressure difference between the
left and right side of the heart).

o Valve regurgitation more commonly encountered than stenosis.

o Stenotic lesions more commonly involving the aortic valve.

o Reported incidence of clinically significant valve disease: 1% at 10 years; 5% at
15 years; 6% at 20 years after radiation exposure.

o Valve disease incidence increases significantly after >20 years following

irradiation: mild AR up to 45%, >moderate AR up to 15%, AS up to 16%, mild Table 3. Echocardiographic features of radiation-induced valvular
MR up to 48%, mild PR up to 12%.

Uniform valvular thickening due to fibrosis
Uniform distribution of lesions in the aorto-mitral curtain
Porcelain aorta

Lancellotti et al. European Heart Journal — Cardiovascular Imaging More severe lesions in left-sided valves (aortic, mitral) than in right-sided
valves (tricuspid, pulmonary)
(2013) 14, 721-740

Regurgitation prior to stenosis

~10% have CI | N ica I Iy Sign iﬁca nt VH D Fibrosis and calcification mostly of the base and mid portions of the valves;

preservation of mitral commissural fissures




VHD After Radiotherapy

Risk of VHD After Mediastinal RT (HL Survivors)
Cohort: 1852 HL survivors; 89 VHD cases, latency ~23 30 -

Other factor increasing risks: splenectomy, obesity,
hypercholesterolemia

Modern RT (20-30 Gy): ~1.4% excess 30-yr risk

Conclusion: VHD risk is dose-dependent; minimized
with current RT.

yrs
Dose-response: risk 1 with valve dose

<30 Gy: ~1.4x gzu-

31-35 Gy: 3.1x ”'E

36-40 Gy: 5.4x g ¢

40 Gy: 11.8x g 10 /
30-yr cumulative risk: 1.6% (no RT) — 12.4% (>40 M
Gy) 1 I

P .

5 10 15 20 25 30 35 40 45 50
Radiation dose to heart valve (EQD2, Gy)

Cutter, D. J. et al. Risk for valvular heart disease after treatment for hodgkin lymphoma. J Natl Cancer Inst 107, (2015).



Table 12 Risk categories for asymptomatic adult can-
cer survivors

Very high risk * Very high baseline CV toxicity risk
pre-treatment
« Doxorubicin® > 400 mg/m*
+ RT > 25 Gy MHD®
+ RT > 15-25 Gy MHD® + doxorubicin”

>100 mg/m*
Early high risk + High baseline CV toxicity risk
(<5 years after + Symptomatic or asymptomatic
therapy) moderate-to-severe CTRCD during
treatment

+ Doxorubicin® 250-399 mg/m?
+ High-risk HSCT*

Late high risk « RT > 15-25 Gy MHD*
* RT 5-15 Gy MHD® + doxorubicin®
>100 mg/m?
* Poorly controlled CVRF
Moderate risk * Moderate baseline CV toxicity risk

« Doxorubicin® 100-249 mg/m?’
« RT 5-15 Gy MHD®
« RT <5 Gy MHD' + doxorubicin® > 100 mg/

2
m

Low risk * Low baseline CV toxicity risk and normal

end-of-therapy cardiac assessment

+ Mild CTRCD during therapy but recovered by
the end of cancer therapy

+ RT <5 Gy MHDf

+ Doxorubicin® < 100 mg/m2

Long-term surveillance in asymptomatic CS

TTE every 5 years in
adults who are childhood
and adolescent CS

Moderate

risk

TTE every 2 years in
adults who are childhood
and adolescent CS

TTE at years |, 3,and 5 after

cardiotoxic cancer therapy and
every 5 years thereafter in adult CS

Class Ila e Class I1b

@ESC—



Surgical vs Minimally Invasive Valve Options

Patients with cancer could be poor candidates for classic cardiac surgery (l.e.. bleeding risk due to
coagulopathy/thrombocytopenia, porcelain aorta, infectious risk due immunocompromised states )

Minimally invasive procedures without extracorporeal circulation and transcatheter heart valve
interventions present some advantages:

* Minimize perioperative risk and complications associated with major surgery.

» Faster recovery and timely cancer surgery /initiation of cancer therapy

 Suitability depends on anatomy and cancer status.

* Requires careful patient selection and MDT



TAVI: Efficacy and Limitations

TOP-AS Registry (Transcatheter Aortic Valve _
thepIacer)nent in Oncology Patients With Severe Aortic
enosis

AIM: To collect data on patients who undergo TAVR while
having active malignancy

222 cancer patients (40% stage IV) vs 2522 non-cancer
patients from 5 centers.

30-day mortality: comparable between groups

1-year mortality:15% in cancer (=50% cancer-related)
9% in non-cancerp (p< 0.001)

By cancer stage:
Stage I-Il - outcomes similar to non-cancer

Stage llI-IV/progressive disease — significantly worse
survival

09 1.0

0.8

0.5 06

04

NO-cancel

P<0.001
731 646 537 447 361
101 73 57 an 28
114 5 48 28 21
0 180 360 540 720
Davs

Landes, U. et al. Transcatheter Aortic Valve Replacement in Oncology Patients With Severe Aortic Stenosis. JACC Cardiovasc Interv 12, 78—

86 (2019).




TAVI: Efficacy and Limitations

TAVR in Active Cancer - Role of
Tumor Stage

OCEAN-TAVI (n=2336; 89 active
cancer) prospective Japanese registry

30-day mortality: similar to non-cancer

3-year survival: 64.7% active cancer
74.7% without active cancer (p=0.016).

Limited-stage (I-11): comparable to
non-cancer (70.6% vs 74.7%, p=0.50)

Advanced-stage (llI-1V): significantly
worse, deaths mostly cancer-related

Conclusion:

TAVR is safe in active cancer, but
prognosis depends strongly on
cancer stage.

100 +

e |
0,
90.0%! ot :
o~ a : 74.7%.
2 = _ " Non-Cancer
- 73.4%; -0.6% Limited-stage Cancer
S { 0%;
S 60 - ' (Stage 1 or 2)
=
n
g 40
2 : :
O Log-Rank p-value 0.50
20 - : 5
0 ‘ i 5
I 1 | | I 1
0 1 2 3
Number at risk Years
Non-Cancer 2247 2112 1879 1314 1050 546 389
49 44 38 30 26 26

Limited-stage Cancer

Noguchi, M. et al. Midterm outcomes of transcatheter aortic valve replacement in patients with active cancer. Open Heart 11, (2024).



TAVI: Efficacy and Limitations

Meta-analysis: TAVR in Active Cancer Graphical Abstract

Patlents Outcomes of Patients with Active Cancer after Transcatheter Aortic Valve
. . . Replacement: An Updated Meta-Analysis
9 observational studies, 133,906 patients

Purpose | |

Popu |ati0n: 9, 792 patl ents with active We compared the outcomes of patients with Follow-up ranged from 180 days to 10 years.
versus without active cancer after
cancer vs non-cancer contro | S transcatheter aortic valve replacement.
Inclusion criteria:
e e Y »] Mortality
Severe aortic stenosis treated with TAVR \ Short-term - OR 1.33 (95% CI 1.15-1.55)
Long-term —@— OR2.29(95% CI 1.80-2.91)
All-cause, adjusted —@®— aHR 1.77 (95% CI 1.34-2.35)
. . . [ Cardiovascul —1—@———  OR1.30(95% CI0.70-2.40)
Active malignancy at the time of procedure A 3006 SN i el
patients with active cancer
Bleeding
2o Major bleeding —@—— OR1.66(95%CI 1.15-2.42)
78.5to " Mean STS score:
Follow-up: 180 days to 10 years 85 years 44107 points : |

Lower in active cancer Higher in active cancer

Most common

cancer sites: , B 'easé’o{’(:‘r’;::f' and Active cancer was linked to higher non-cardiovascular
. b mortality and major bleeding rates. No difference in other
CO“CIUS'O“: N J safety outcomes.

TAVR in active cancer — higher non-

cardiovascular mortality and bleeding, but

similar rates of CV mortality. Need of

ca reful patient selection and optimal Felix, N. et al. Outcomes of patients with active cancer after transcatheter aortic valve replacement: an updated meta-
timing for intel‘vention ) analysis. Cardio-Oncology 10, (2024).



TAV I VS SAV R : T h e N d Ti O n Wi d e CENTRAL ILLUSTRATION Showing Major Outcomes Among All Cancer Patients Undergoing TAVI vs SAVR
Inpatient Sample Database

Isolated AV replacement with TAVI SAVR
A ogees 0 g N :
Data source: Nationwide Inpatient Sample o % 8 \& 7
on-cancer 8 %
database (2002-2018) N=345,413 h \
POSPX\I/aF\;tIon : Ad u |tS (> 1 8 yrs) un d € rg oin g TAVI n§§§f§é5 M Colorectal (CRC) M Renal  Lung M Prostate M Breast
VS

Propensity-Matched Outcomes (aORs) Between TAVI vs. SAVR Among

En d pO i nts: Non-cancer and Cancer Patients

Primary: In-hospital mortality + stroke (MACE) CRC
Secondary: Major bleeding, PPM implantation

'%‘ MACE * 0.84 = 1.20 * 0.65 * 1.43 = 1.36 * 0.79
Results
) . Mortality * 0.63 = 133 = 017 = 0.58 = 0.25 = 0.65
Prostate & lung cancer: lower MACE with TAVI
. O Bleedin = 1.02 0.63 3.08 0.66 on 0.85
Colorectal cancer: higher MACE and stroke 9 : * * * * +
risk with TAVI & | Stroke f 106 =103 = 07 * 200 = 42 = 082
Breast & renal cancer: outcomes comparable
to SAVR PPM * 1.46 * 1.06 * 0.62 * 1.67 = 376 * 2.02
Major bleeding Iower with TAVI (except Ullah W, et al. JACC Adv. 2023;2(1):100167.
Iu ng ); pacema ker use CO“SiSte ntly hig h e r = means no significant difference in the estimates. CRC = colorectal cancer; MACE = major adverse cardiovascular events; PPM = permanent pacemaker; SAVR =

surgical aortic valve replacement; TAVI = transcatheter aortic valve implantation. U I I a h W et a/ JA CC Advances 2 (2023)
) . . . ) .

Conclusion:TAVI appears to be a safer alternative to SAVR in patients with breast, prostate, renal, and lung cancers due to
a similar or lower risk of MACE and mortality. Females and patients >65 years old might have higher MACE with TAVI in
colorectal cancer; however, there was no difference in mortality irrespective of age and sex.



symptomatic severe aortic stenosis caused by

Proposed Algorithm

Comprehensive Assessment:
Characterize the cancer (type, stage,
prognosis);

evaluate valvular disease severity;
assess comorbidities;

functional status;

patient preferences.

Estimate life expectancy; estimate
risks from valve intervention;
expected gains in symptoms and
ability to receive or complete
cancer therapy (avoid futility)

If intervention justified: choose least

invasive that achieves goals

TAVI should be considered for patients with

radiation at intermediate surgical
righ S04506,693,694,696,697

2022 ESC Guidelines on cardio-oncology

Cancer & Severe
Symptomatic Aortic Stenosis

Oncologist

Surgeon
[ Valve board J‘“ Interventional cardiologist
Advanced imaging cardiologist
Palliative care

[ Prognosis ]

[ T |
<6 months 6-12 months >12 months
| | |
Medical Balloon Aortic valve B
management valvuloplasty replacement [ Active cancer
' Cancer treatment
- Thrombocytopenia
Frailty

[ L | History of chest radiotherapy

No Yes

Modified from Balanescu, S. M. et al. The Onco-cardiologist Dilemma: to Implant, to Defer, or to Avoid
Transcatheter Aortic Valve Replacement in Cancer Patients with Aortic Stenosis? Current Cardiology Reports
vol. 21



TEER in Mitral Valve Disease in prior cancer vs non cancer
patients

Mitral TEER in Patients With Prior Cancer
Design: Retrospective, multicenter study (Spanish national

Figure 2B. Primary efficacy endpoint

TEER registry, 2010-2022) SR o= o
Population: 1237 TEER patients; 164 with prior cancer 1.00
(breast 20%, leukemia/lymphoma 19%, colorectal 11%) 2 . HR: 1.36 (C 95% 0.84-2.2),
Methods: Propensity score matching — 163 pairs (cancer & sl
VS non-cancer) 5 o
Procedural success: High and similar (93% vs 96%) § 0251 e —
0.00{__===
0 1 2 3 4 6 €6 7 8 9 10 11 12

Primary endpoint (death or HF hospitalization at 1 year): Follow-Up (Months)
Cancer: 23% vs Non-cancer: 18%, p=NS N Number at risk

3 163 158 155 152 148 146 146 143 140 139 137 136 134
HR 1.36 (95% Cl 0.84-2.20) 5 1 163 159 154 150 142 139 134 133 131 129 127 126 125

o 1 2 3 4 5 6 7 8 9 10 11 12
Follow-Up (Months)
Conclusion:

Mitral TEER in patients with prior cancer shows similar
safety and efficacy to non-cancer patients — treatment
should not be withheld.

Gonzalez-Manzanares, R. et al. Transcatheter Mitral Edge-to-Edge Repair in Patients with Prior Cancer Diagnosis. Abstract European Heart
Journal (2024) 45 (Suppl 1)



TEER in Mitral Valve Disease in prior cancer vs non cancer
pcmen’rs

Safety and Efficacy of Mitral TEER in Patients With Cancer

» Design: Retrospective cohort (TriNetX database, 2013-2021)

* Population: 2,280 TEER patients
« 513 with history of cancer (28% hematologic, 12.5% metastatic)
* Propensity-matched: 503 vs 503

* Outcomes (30 days & 12 months):
* HF exacerbation, mortality, stroke, tamponade, bleeding > NS
* T-year mortality: 16.3% (cancer) vs 18.5% (non-cancer) > NS

* Subgroup (antineoplastic therapy): similar outcomes

+ Conclusion:
TEER shows comparable safety and efficacy in patients with and without a history of cancer. It should be considered in selected cancer

patients. . . .,

Outcomes at 30 days and 12 months.

Qutcome 30 days 12 months

TEER without cancer = 503 TEER with cancer = 503 P-value TEER without cancer = 503 TEER with cancer = 503 p-value

HF exacerbation 52 (10.3 %) 56 (11.1 %) 0.68 70 (13.9 %) 74 (14.7 %) 0.72
All-cause mortality 27 (5.4 %) 19 (3.8 %) 0.23 93 (18.5 %) 82 (16.3 %) 0.36
Blood product transfusion 10 (2.0 %) 10 (2.0 %) 1.00 13 (2.6 %) 21 (4.2 %) 0.16
Ischemic Stroke 10 (2.0 %) 10 (2.0 %) 0.86 10 (2.0 %) 16 (3.2 %) 0.16
Cardiac tamponade 10 (2.0 %) 10 (2.0 %) 1.00 10 (2.0 %) 10 (2.0 %) 1.00
All-cause hospitalization 147 (29.2 %) 152 (30.2 %) 0.73 235 (46.7 %) 265 (52.7 %) 0.06
Subgroup analysis at 12 month
No anti-neoplastic therapy = 107 Antineoplastic therapy = 107 p-value

HF exacerbation 24 (22.4 %) 14 (13.0 %) 0.09

All-cause mortality 15 (14.0 %) 17 (15.9 %) 0.19

"(€207)
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Key Messages

The coexistence of active cancer and valvular heart disease is an increasing condition
(increased survival of cancer patients, aging and shared risk factors).

Severe VHD limits treatment options in cancer patients and should be addressed

In favor to treat VHD—> if early stage cancer, good prognosis, and valve treatment
represent an opportunity to treat better cancer (receive surgery or chemo)

In favor to do not treat VHD —> if prognosis is poor

A multidisciplinary team evaluation and customized decision are crucial in decision
making . Avoid futility.



Key Messages

What kind of valve intervention ?

Prefer 2 minimally invasive procedures without extracorporeal circulation and transcatheter heart
valve interventions if poor candidates for classic cardiac surgery and to:

1.0btain faster recovery and shorter delay of cancer treatment;
2.At risk of infections (immunocompromised states).

3.At risk of bleeding (i.e.. coagulopathy, thrombocytopenia)
4.After radiation therapy (porcelain aorta)

Particularly TAVI represents a safe alternative to SAVR in patients with early stage cancer based to
observational data

No RCT available. Long-term outcome data are needed.
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