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Stichting tegen Kanker

Wat heeft een cardioloog te maken met oncologie?
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De “klassiekers” — enkele voorbeelden

Anthracyclines Anti-Her2 behandeling Radiotherapie
Doxorubicine, epirubicine, Trastuzumab Herceptine® Mantle field radiotherapy
daunorubicine, idarubicine Pertuzumab Perjeta® - Hodgkin
Hartfalen Hartfalen Kleplijden, bloedvataantasting
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De “klassiekers” — enkele voorbeelden

* 5-FU: spasmen van bloedvaten rond het hart

* VEGF-i: hoge bloeddruk

* BTKinhibitoren: atriumfibrilleren

* Diverse producten: “QTc” verlenging (risico op ritmestoornissen)
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Publicaties in wetenschappelijke tijdschriften
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Discipline die te danken is aan betere oncologische prognose! Universiteit / Um’
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Overlijdens door / met kanker
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Anthracyclines

EGRF-i

@Esc

European Society  https:/doi.org/10.1093/eurheartjlehac244
of Cardiology

European Heart Journal (2022) 00, 1-133 ESC GUIDELINES

2022 ESC Guidelines on cardio-oncology
developed in collaboration with the European

RAF en MEK-i

Hematology Association (EHA), the European
Society for Therapeutic Radiology and
Oncology (ESTRO) and the International

Stamcel-tx

Cardio-Oncology Society (IC-OS)

Fluoropyrimidines

Multiple myeloma’s

ICI

VEGEF inhibitors

Bruton TKi

Hormoonbehandeling BK

anti-HER2

CAR-T en TIL

CDK 4/6-i

Androgen deprivatie

Overig

Aplastic lymphoma kinase inhibitors

BCR-ABL TKi
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Radiotherapie
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Cardiale veiligheid?

ROS inhibitor
Tivozanib: PDGFRIVEGFRIFGFR/
KIT/RET inhibitor
Acalabrutinib: BTK inhibitor
Ribociclib: CDK4/6 inhibitor

Cabozantinib: VEGFR/ROS/TIEY/
-MeU/KIT/TRK2/
RET inhibitor

Ponatinib: Ber- Ab/PDGFR/FGFR/

Brigatinib: ALK/EGFR/IGFIR/FLTY/

Pemigatinib: FGFR inhibitor
Avapritinib: KIT/PDGFR inhibitor

Sre/FLTY/KIT inhibitor

Pazopanib: PDGFRIVEGFR/KIT/ | | Thrutiib: BTK inhibitor

Imatinib: Ber-AbVPDGFR/KIT inhibitor
—— . FGFR/TK inhibitor

|

Erlotinib: EGFR inhibitor

Axitinib: VEGFR inhibitor
Radotinib: Ber-Abl inhibitor
Bosutinib: i
Vismodegib: SMO inhibitor
Sl i
Regorafenib: VEGFRIPDGFRIFGFR/

RAFRET/KIT inhibitor

Sunitinib ™

KIT/RET inhibitor |

Dasatinib:

PDGFR inhibitor
Vorinostat: HDAC inhibitor

2005 2006 2007 2009 2010 2011 2012 2013 2014 2015 2016 2017

Pexidartinib: CSFIR/KIT/FLT3 inhibitor
Zanubrutinib: BTK inhibitor

Entrectinib: TRK inhibitor

Erdafitinib: FGFR inhibitor |
Quizartinib: FLTS inhibitor
Fedratinib: JAK2 inhibitor |
Alpelisib: PI3Ka inhibitor

2018 2019 2020

Ceritinib: ALK/ROS inhibitor
Apatinib: VEGFR2 inhibitor
Belinostat: HDAC inhibitor

Venctoclax: BCL-2 inhibitor

Rucaparib: PARP inhibitor

| Romidepsin: HDAC inhibitor

Anlotinib:VEGFR/PDGFR/
FGFR inhibitor

Alectinib: ALK inhibitor
‘Cobimetinib: MEKI/2 inhibitor
Palbociclib: CDK4/6 inhibitor
‘Osimertinib: EGFR inhibitor
Sonidegib: SMO inhibitor
Sirolimus: mTOR inhibitor
Panobinostat: HDAC inhibitor
Tucidinostat: HDAC inhibitor
Ixazomib: Proteasome inhibitor

Sorafenib: VEGFR/KIT/FLTS/ Icotinib: EGFR inhibitor

Crizotinib: AL

inhibitor

Ruxolitinib: JAK1/2 inhibitor

Lorlatinib: ALK inhibitor
Fruquintinib: VEGFR inhibitor
Binimetinib: MEK 172 inhibitor

Glasdegib: SMO inhibitor
Ivosidenib: IDHI inhibitor
Larotrectinib: TRK inhibitor

Nintedanib: VEGFR/PDGFR/FGFR/MDRI/BCRP inhibitor
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Duvelisib: PI3K8éy inhibitor

Zhong, Signal Transduction and Targeted Therapy 2021
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Cardio-oncologie: risico’s inschatten

» Faciliteren
+ Cardiovasculaire risicofactoren
* Voorafbestaande hartziekten
* Hoge bloeddruk
» Diabetes mellitus
* Obesitas
* Hoog cholesterol
* Roken
* Risicofactoren verbonden aan de behandeling
* Kunnen het cardiovasculaire risicoprofiel beinvioeden
* Vroegere behandelingen
* Dosis
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Immuun Checkpointinhibitoren

In lymph nodes In the periphery

Cancer state
High IFN-y in tumor
microenvironment

Tcell Tcell proliferation
¥ Tcell metabolism
¥ Cell survival factors
4 Tregcells

Effect of immune checkpoint inhibitor

Killing of tumor cell via
4TNFo,4 granzyme B and4 IFN-y

D Tumor cell

Pembrolizumab  Avelumab
Cemiplimab Durvalumab
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Geen rozen zonder doorns

* Enceph:

* Meningitis

* Polyneuropathy

* Guillain-Barré syndrome

«Sub P y
neuropathies

« Uveitis Fatigue

* Sjégren syndrome

+ Conjunctivitis and/or
blepharitis

* Episcleritis and/or scleritis

* Retinitis

= Hypophysitis
« Thyroiditi

y
oy * Adrenalitis
* Pneumonitis

* Pleuritis
* Sarcoid-like granulomatosis l'llly_oc:-xll;I
ericarditis

Hepatitis

« Interstitial nephritis

« Pancreatitis * Glomerulonephritis

* Autoimmune diabetes

* Colitis
* Enteritis
« Skin rash * Gastritis
 Pruritus
* Vitiligo
* DRESS
* Psoriasis
* Stevens—Johnson |
syndrome * Anaemia
* Neutropenia
* Arthralgia = Thrombocytopenia
* Arthritis * Thrombotic
* Myositis microangiopathy
* Dermatomyositis . ct:quinl'ed haemophilia
* Vasculitis

Martins, Nature Rev Clin Oncol 2019
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Geen rozen zonder doorns

« Cancer patients receiving immune
checkpoint inhibitor therapy are at an
increased risk for atherosclerotic

cardiovascular disease Circulation
Esther Lutgens, * Tom T.P. Seijens’ EDITORIAL

Arrhythmias

By Releasing the Brakes With
herapy, Are We Ac

Atherosclerosis?

Circulation

QBIGINAL RESEARCH ARTICIE ik

Myocarditis (most common)

- 3

Association Between Immune Checkpoint
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o et T gt of o ncoy =t o
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Inhibitors With Cardiovascular Events and o e Bt 7 e e BB W
Atherosclerotic Plague

Circulation

RESEARCH LETTER

Immune Checkpoint Inhibitor Therapy
Induces Inflammatory Activity in Large
Arteries

Universiteit 7
Antwerpen

Hu, Cardiovasc Res 2019
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Myocarditis

» Variabele presentatie: ongemerkt tot fulminant

* Vaak tezamen met andere irAES, met name ontsteking van skeletspieren of
myasthenia gravis

* Meestal eerste 3 maanden (+- 6 weken)
* Fulminant — 1% van alle ICl-behandelingen?
* Hoog risico om te overlijden
» Zeer aggressieve behandeling
» Ongemerkt:
+ Effecten op langere termijn?
» Screening: "hartenzymes”, ECG
* Bij afwijkingen — cardio-oncoloog
* Monitoring, echo, biopt, MRI, behandeling
wmenen /. UZA”
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Single center (Florida) data uit elektronische patientendossiers

Table 2 Newly diagnosed cardiovascular disease after ICl initiation

Table 1 Demographic and clinical characteristics of patients treated with immune checkpoint inhibitors

— - Immune Checkpoint  Cardiomyopathy, Heart  Arthythmia, Pericardial Heart  Myocarditis, Any Median (IQR)
Characteristics All (0 = 424) Newly diagnosed No VD (n =362) P Inhibitor n (%) failure, (%) disease,n  block, n n (%) cardiotoxicity,  time to
CVD (n=62) n (%) (9%) (%) n (%) cardiotoxicity,
Age (year) 62131 643102 621£135 0135 days
Sex 0924 PD-1 inhibitors
Wormen 155 (36.6%) 2367.1%) 132 (365%) nivolumab (=217 1 (046) 046N 1569 7623 6076 1046 33(1521) 52(37-203)
Men 269 (634%) 39 (629%) 230 (635%) pembrolzumab (0= 0 688 344 108) 1080 0 @94 65 (30-175)
Race/Ethnicity 0772 g
PD-LT inhibitors
White (non-Hispanic) 363 (85.6%) 55 (88.7%) 308 (85.0%)
Black (non-Hispanic 32.06%) 4659 28078% ?;e]zohzumab =0 1(588)  2(1176) 0 0 0 3(1765) 22(2-172)
Hispanic 16 G8%) 10.6% 15 42% durvalumab (n=4) 1 (25) 0 0 0 0 0 12500 30
Other 13.31%) 262% 1319 LA inhibitor
Primary cancer diagnosis 0163 ipilimumab (n=13) 0 43077 1069 0 10769 0 64615 709 (78-1469)
Lung cancer 126 (29.7%) 20 (32.3%) 106 (29.3%) CTLA4 + PD-1/PD-L1 inhibitor combination
Melanoma 72 07.0% 16 2558%) 36 (155%) ipilimumab + 2(69) 1343 401379 0 1649 0 7 (2414) 95 (11-119)
Kidney cancer 54 (12.7%) 7(11.3%) 47 (13.0%) nivolumab (n = 29)
Head and neck cancer 45 (106%) 6(07%) 39 (108%) ipilimumab + 0 10429 104290 0 0 0 101429 62
Urothelal carcinoma 34.60%) 507%) 280.7% pembrolizumeb (0=
Colorectal cancer 19 (45%) 4(65%) 15 (819 emeimomab ¢ 0 o ) o f ) f
Gastrointestinal cancers (other) 8019 10.6%) 709% durvalumab (n=3)
Hodgkin Lymphoma 70.6%) 0 709%) PD-1/PD-L1 dual sequential
Other cancer 59 (13.9%) 2032%) 57 (158%) nivolumab - > 0 0 0 0 0 0 0
Cardiovascular sk factors g)e'“bfo“lu'"ab (=
Hypertension 210 (49.5%) 36 (58.1%) 174 (48.1%) 0.146 I b N o o N o o o
nivolumab - >
Ischemic heart disease 54 (12.7%) 9 (145%) 45 (124%) 0649 atezolizumab (0 =3)
Hyperlipidemia 128 (3029%) 24 (387%) 104 28.7%) o014 pembrolizumab-> 0 o 0 o 0 0 0
Diabetes 76 (17.9%) 14 (226%) 62 (17.1%) 0301 atezolizumab (n=3)
Other cancer medications Three-drug sequential
Doxorubicin 14 (3.3%) 3 (48%) 11 (30%) 0464 ipilimumab + 0 0 0 0 0 0 0
nivolumab - >
Carboplatin 114 (26.9%) 18 (290%) 96 (26.5%) 068 pembrolizumab (n =
Paclitaxel 88 (208%) 15 (24.2%) 73 (20.29%) 047 1
Cyclophosphamide 4(09%) 10.6%) 308% 0555 Total (n=424) 4(094) 23(542) 26(613) 8089 90212 10024 62(1462) 63 (30-175)
Values were reported as mean + standard deviation for continuous variables and frequency (%) for categorical variables IQR inter-quartile range
Universiteit = 7
i " . Antwerpen
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“Retrospectief” onderzoek

Wang et al. Cardio-Oncology ~ (2022)8:23 i
https://doi.org/10.1186/540950-022-00149-8 Cardio OnC0|Ogy

Immune checkpoint inhibitors and the risk @
of major atherosclerotic cardiovascular

events in patients with high-risk or advanced
melanoma: a retrospective cohort study

Charlie Wang'?'®, Sophia Zoungas?, Mabel Yan'?, Rory Wolfe?, Andrew Haydon?, Mark Shackleton?,
Mark Voskoboynik*, Maggie Moore?, Miles C. Andrews**, Stephen J. Nicholls*® and Victoria Mar'

Abstract

Background: Immune checkpoint inhibitors (ICl) are associated with immune-mediated adverse effects, poten-
tially involving any organ. ICl has also been associated with an increased risk of cardiovascular disease in cancer
populations.

Objective: To characterize the incidence and risk of major atherosclerotic cardiovascular events associated with ICI
use in a high-risk and advanced melanoma population.

Methods: We conducted a retrospective cohort study of patients with high-risk or advanced melanoma (AJCC stage
Il, llor IV) presenting to an academic tertiary hospital between 2015-2020. The main outcome was major atheroscle-
rotic cardiovascular events (MACE) including acute myocardial infarction, ischemic stroke, acute limb ischemia and
coronary revascularization.

Results: The study cohort consisted of 646 patients, including 289 who had been treated with ICl. The incidence of
MACE was higher in the ICl treated group (3.6 vs. 0.9 events per 100-person years). After adjusting for age, sex, smok-
ing history and prior BRAF and/or MEK inhibitor use, ICl treatment was associated with an increased risk of MACE
(HR,;2.8,95% C1 1.1-6.9, p=0.03). Elevated risk was especially pronounced in patients with a past history of MACE
(HR 14.4,95% CI 1.9-112.3, p=001).

. . m . ’ . . Universiteit 7
N N Conclusion: Patients with high-risk or advanced melanoma are at an increased risk of atherosclerotic cardiovascular Antwerpen / UM
Kennis / Ervaring / Zorg events following ICl treatment, particularly those with a history of cardiovascular disease.
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Meer ontstekingscellen in plaques bij muizen met anti-CTLA4
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Reden tot ongerustheid? Richtlijnen.
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T
® v dma
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+ Systematische opvolging

* Bepaling “hartenzymes” voor elke
toediening de eerste 3 maanden

» ECG voor elke toediening de eerste
3 maanden

Bij mensen met risicofactoren
vooraf een echo van het hart

Universiteit
Antwerpen
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CAVACI : ism AZ Maria Middelares Gent

SHORT-TERM LONG-TERM
First dose of ICI
Prior to start of therapy i 3 months ‘ 6 months 12 months 24 months
Data collection:
~ Medical history Intermediate data collection:
- prior/concomitant - Prior/concomitant medication review ~(s)aesfirags - Interventions®

medication review

Cardiology consult:
-G

I

- Echocardiogram

- Non-invasive endothelial o
function tests* -
- Echocardiogram

Tests:

(cardi
-6
- Echocardiogram

- CT for Calcium Scoring

-ECG
- Echocardiogram

-G
- Echocardiogram

function tests*

sts:
- CT for Calcium Scoring

function tests™

Tests:
- T for Calcium Scoring

Informed consent }—

1 EXTRA blood sample 1 blood samplg 1 blood samplg 1 EXTRA blood sample 1 EXTRA blood sample
75mL 75mt 75mL 75mL 75mL
Adverse events/health problems/parameters (blood pressure, weight, temperature and heart rate) via the smartphone application or printed version
Survival follow-up
Current and subsequent therapy follow-up

Additional blood sample in case of sudden heart problems

{

]

Figure 1 Study flow. An overview of the (additional) tests/consultations and time points (Work Package 2)
“Interventions may include the following: cardiac MRI, chest X-Ray, coronary angiography, myocardial perfusion scan, cardiac CT-scan
*These tests will only be performed in patients included by UZA (executed by a dedicated technician under supervision of a cardiologist)
CT = computed tomography; ECC irAE = lated = E= ol

Blood sample collections Short-term cardiovascular follow-up Long-term cardiovascular follow-up

Kennis / Ervaring / Zorg
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FDA goedgekeure ICl-indicaties

. ap s *
Immune Checkpoint Inhibitor (ICI)* Approvals =)\
Basal Cell Carcinoma 8
Mesothelioma ‘
TMB-high fe)
Endometrial o e Q
TNBC o o &
scic ® 1o ¢
PMBCL o
Cervical (6} )
HCC 8 0 é} [
Esoph/Gastric /GEJ Q A QA
MSI-h CRC A é o
MSI-h/dMMR o o
Merkel & * (]
HNSCC O (&%)
Urothelial (@] Alms o W A0
A QA <o
A 4 A o
A o B o ¢+ el e © 48d s WA
QA A ve) <¢ oA <o
A Approval: Accelerated Regular Indication
:’Tli\";l:c;rl‘i::mab Avelumab * * Withdrawn
Dy | b
*ICI Products Nivolumab c:;v“;;:::b g : Updated: May 2022
Atezolizumab Dostarlimab o slide Credit: Marc Theoret, MD

“It's going so fast that the science is beginning to fall behind”

Kennis / Ervaring / Zorg

James P. Allison
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Kernboodschappen

Immuun checkpointinhibitoren zijn en blijven een beloftevolle behandeling
Cardiovasculaire veiligheid begint nu onderzocht te worden
Toekomst?
* Betere opvolging
* Vermoedelijk niet voor iedereen even veilig
* Preventieve behandelingen?
Voorlopig geen reden voor ongerustheid
* Blijven goedverdragen behandeling met goede resultaten
+ Zeer toepasbare richtliinen omtrent opvolging en risicobeperking
» frequente aanpassingen door veel onderzoek

Universiteit UM,
Kennis / Ervaring / Zorg Antwerpen
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