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Brief historical overview

D Approved for clinical use

| Phase 3 trial for acalabrutinib initiated | OrelagrLuLt}gELf‘_’r (R:/r:-" MCL or
in China

= P : | Tirabrutinib for R/R PCNSL in Japan
Discovery of ibrutinib against SN
RA irny animal mod e?s | Ibrutinib for R/R WM patients | Ibrutinib+rituximab for TN CLL

Ogdon Bruton described
XLA as an inherited
immunodeficiency disease

|Phase 3 trial for zanubrutinib initiated

|
Ibrutinib for R/R MZL and GVHD

Phase 1/2 trial for ibrutinib initiatedl

Ilbrutinib for RIR MCL patientsl

Acalabrutinib for R/R MCL

1952 1993 1999 2007 2009 2011 2012 2013 2014 2015 2016 2017 2018 2019 2020 2021

[Phase 1 trial for ibrutinib initiated| bl folR R e L patictn [Torutinibrituximab for W |
with del(17p) |Zanubrutinib for WM and R/R MZL
Identification of BTK |
gene defection in XLA Phase 1 and 2 trials for acalabrutinib Acalabrutinib for TN CLL/SLL
and zanubrutinib initiated S
Discovery of the first Zanubrutinib for R/R MCL
BTKi: LI-IK/I-A13 - R Ibrutinib+obinutuzumab for TN CLL
Phase 3 trial for ibrutinib initiated Ibrutinib for CLL/SLL I
Phase1 trial for tirabrutinib initiated as front-line therapy

Phase 1 and 2 trials for orelabrutinib initiated |

Alu et al.J Hematol Oncol 2022;15:138 '[}.
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BTK pathway

FcyRIIB

CD5/CD22 FcRs cD19 Chemokine
?f receptors TLRS
P W U\ ” L
! |
ibrutinib, acalabrutinib
zanubrutinib, tirabrutinib
orelabrutinib
Y223 Cys481 | Y551
SH3 SH2 Catalytic domain =— COOH
215 280 377 659
Alu et al.J Hematol Oncol 2022;15:138 \
Joseph et al. eLife 2020;9:e60470 | \ EUVEN




Approved BTK inhibitors

Ibrutinib Acalabrutinib Zanubrutinib Tirabrutinib
(PCI-32765) (ACP-196) (BGB-3111) (ONO-4059)
Half-life 4-6 hours 1 hour 2-4 hours 4-7 hours
ICs0* 0.5nM 5.1nM 1.8nM 6.8nM
Biochemical ICsp BTK 0.5nM (1x) BTK 5.1nM (1x) BTK 1.8nM (1x) BTK 6.8nM (1x)
(Selectivity)* ITK 10.7nM (20x) ITK >1,000nM (>1,000x) ITK 3,277nM (>1,000x) ITK >20,000nM, (>1,000x)
EGFR 5.6nM (10x) EGFR >1,000nM (>1,000x) EGFR 606nM (336x) EGFR 3,020nM (>400x)
TEC 78nM (156x) TEC 93nM (>19x) TEC 1.9nM (1x) TEC 48nM (7x)
Comments First-in-class BTKi  No ITK or EGFR inhibition ~ No ITK inhibition Does have TEC inhibition Approved in Japan for the treatment of PCNSL, WM and LPL
Approved dose 420mg QD 100mg BID 160mg BID 480mg QD*
560mg QD 320mg QD
Approved indications CLL/SLL CLL/SLL MCL PCNSL*
MCL wm*
MzL MCL LPL*
WM
Clinical trials Phase 1,2, 3 Phase 1, 2, 3 Phase 1, 2,3 Phase 1, 2

Pirtobrutinib
(LOXO0-305)
Company Eli Lilly
ICs0" 3.15 nM (BTK WT)

1.42 nM (BTK C481)

BTK C481 1.42nM (1x)
ITK 103nM (3521x)
EGFR >1,000nM (>700x)
TEC 1,234nM (869x)

Biochemical ICsq
(Selectivity)*

Clinical trials in CLL and B Phase 1, 2
cell malignancies

Comment Highly selective

covalent /irreversible

Ahn et al. Front Immunol 2021;12:687458

non-covalent /
reversible
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IBRUTINIB CARDIOVASCULAR
ADVERSE EFFECTS

ATRIAL BLEEDING HYPERTENSION HEART VENTRICULAR PERICARDIAL
FIBRILLATION FAILURE TACHY CARDIA EFFUSION

i \“— 2 (sudden death)

Adapted from: Sestier et al. Curr Oncol Rep 2021;23:113
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Study/ Disease Agent and F/u, months Rate of cardiac adverse events
authors dose
Atrial fibrillation Bleeding Any (major) Hypertension Ventricular Heart failure
tachyarrhythmia
Control BTKI Control BTKI Control BTKI Control BTKI Control BTKI
Chanan-Khan; CLLSLL  Ibrutinib 420 mg vs 17 71289 (24%) 211289 (7.3%) 420289; 15% (5/289; 1.7%)*  BO/289: 31% (11/289; 38%)* 57289 (1.7%) 13/289 (4.5%) na nia na nla
HELIOS [24] placebo
Burger; CLL/ALL  Tbrutinib 420 mg vs 18.4 11133 (0.8%) 8/136 (5.9%) (3/133; 23%)* (6/136; 4.4%)* 07132 (0%) 201135 (15%) na nia na nla
RESONATE-2 chlorambucil
[31
Byrd; RESONATE ~ CLL/SLL  Ibrutinib 420 mg vs 9.4 11191 (0%) 6/195 (3.1%) 24/196; 12% (2/196; 1.0%)**  86/195; 44% (3/195; 15%)**  4/191 (2.1%) 10/195 (5.1%) na na na nla
[2.22] ofatumumab
Dreyling; RAY [4]  MCL Thrutinib 560 mg vs 20 21141 (1.4%) 5/139 (3.6%) (9/141; 6.4%)* (14/139; 10%)* 5/139 (3.6%) 16/139 (12%) wa na na wa
temsirolimus
Dimopoulos; WM Ibrutinib 420 mg + 265 2175 (2.7%) 11475 (15%) na na 375 (4.0%) 10/75 (13%) na na na nla
INNOVATE rituximab vs
[25] placebo + rituximab
Huang [26] CLL Thrutinib 420 mg vs 178 0/52 (0%) 6104 (5.8%) na wa 352 (5.8%) 6104 (5.8%) na na na wa
rituximab
Waoyach [10] CLL Ibrutinib 420 mg vs 23 5/176 (2.8%) 275361 (7.5%) na nla 25/176 (14%) 113361 (31%) na na na nla
ibrutinib 420 mg +
rituximab vs
bendamustine +
rituximab
Moren; CLL Tbrutinib 420 mg + 31 0/115 (0%) 147113 (12%) a nla S/115 (43%) 19/113 (17%) wa nfa na na
LLUMINATE obinutuzumab vs
27 chlorambucil +
obinutuzumab
Munir; CLLSLL  Tbrutinib 420 mgvs 653 n/a 24/195 (12%) a 19/195 (10 ##=% wa 41/195 (21%) na 2195 (1.0%) nia 9/195 (4.6%)
RESONATE chlorambucil
N e
S
Sharman; CLL Acalabrutinib 100 mg ~ 28.3 11169 (0.6%) 13/357 (3.6%) 200169; 12% (0/169; 0%) 146/357; 41% (6/357; 1.7%)  5/169 (3.0%) (grade 23) 9357 (2.5%) (grade 23)  0/169 (0%) 0357 (0%)  nfa wa
ELEVATE-TN BID +/~
[16] obinutuzumab vs
chlorambucil +
obinutuzumab
Ghia; ASCEND CLL Acalabrutinb 100 mg  15.7 11153 (0.7%) 3154 (19%) 11/153; 7.2% (4/153; 26%)*  40/154; 26% (3154 1.9%)*  §/153 (3.3%) 5/154 (3.2%) W153(0%) 0154 (0%) 2153 (13%) /154 (0.6%)
3] BID vs idelalisib +
rifuximab vs
bendamustine +
rituximab
“Tam: ASPEN [20] WM Zanubrutinb 160 mg 327 Zanubrutinib: Zanubrutinib: 4.4 (0.3)* events per 100 person-months Zanubrutinib: 0.7 per 100 person months Wa Wa Wa Wa
twice daily vs 0.1 events per 100 person-months Ibrutinib: 7.0 (0.6)* events per 100 person-months Ibrutinib: 1.2 per 100 person-month
ibrutinib 420 mg Tbrutinib:

1.0 events per 100 person-months

Adapted from: Sestier et al. Curr Oncol Rep 2021;23:113




Onset of ibrutinib associated adverse drug reactions (ADRs)
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First three months!
' Start of treatment
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—e— Supraventricular Arrhythmia —e— Conduction Disorders —s— CNS Hemorrhagic Events
—eo— Ventricular Arrhythmia Hypertension
—o— Heart Failure —eo— CNS Ischemic Events

Adapted from: Salem et al. ] Am Coll Cardiol 2019;74:1667
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IBRUTINIB CARDIOVASCULAR
ADVERSE EFFECTS

ATRIAL
FIBRILLATION

WA

Adapted from: Sestier et al. Curr Oncol Rep 2021;23:113
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Study/ Disease Agent and F/u, months Rate of cardiac adverse events
authors dose
Atrial fibrillation Bleeding Any (major) Hypertension Ventricular Heart failure
tachyarrhythmia
Control BTKI Control BTKI Control BTKI Control BTKI Control BTKI
Chanan-Khan; CLLSLL  Ibrutinib 420 mg vs 17 71289 (24%) 211289 (7.3%) 420289; 15% (5/289; 1.7%)*  BO/289: 31% (11/289; 38%)* 57289 (1.7%) 13/289 (4.5%) na nia na nla
HELIOS [24] placebo
Burger; CLL/ALL  Tbrutinib 420 mg vs 18.4 11133 (0.8%) 8/136 (5.9%) (3/133; 23%)* (6/136; 4.4%)* 07132 (0%) 201135 (15%) na nia na nla
RESONATE-2 chlorambucil
[31
Byrd; RESONATE ~ CLL/SLL  Ibrutinib 420 mg vs 9.4 11191 (0%) 6/195 (3.1%) 24/196; 12% (2/196; 1.0%)**  86/195; 44% (3/195; 15%)**  4/191 (2.1%) 10/195 (5.1%) na na na nla
[2.22] ofatumumab
Dreyling; RAY [4]  MCL Thrutinib 560 mg vs 20 21141 (1.4%) 5/139 (3.6%) (9/141; 6.4%)* (14/139; 10%)* 5/139 (3.6%) 16/139 (12%) wa na na wa
temsirolimus
Dimopoulos; WM Ibrutinib 420 mg + 265 2175 (2.7%) 11475 (15%) na na 375 (4.0%) 10/75 (13%) na na na nla
INNOVATE rituximab vs
[25] placebo + rituximab
Huang [26] CLL Thrutinib 420 mg vs 178 0/52 (0%) 6104 (5.8%) na wa 352 (5.8%) 6104 (5.8%) na na na wa
rituximab
Waoyach [10] CLL Ibrutinib 420 mg vs 23 5/176 (2.8%) 275361 (7.5%) na nla 25/176 (14%) 113361 (31%) na na na nla
ibrutinib 420 mg +
rituximab vs
bendamustine +
rituximab
Moren; CLL Tbrutinib 420 mg + 31 0/115 (0%) 147113 (12%) a nla S/115 (43%) 19/113 (17%) wa nfa na na
LLUMINATE obinutuzumab vs
27 chlorambucil +
obinutuzumab
Munir; CLLSLL  Tbrutinib 420 mgvs 653 n/a 24/195 (12%) a 19/195 (10 ##=% wa 41/195 (21%) na 2195 (1.0%) nia 9/195 (4.6%)
RESONATE chlorambucil
N e
S
Sharman; CLL Acalabrutinib 100 mg ~ 28.3 11169 (0.6%) 13/357 (3.6%) 200169; 12% (0/169; 0%) 146/357; 41% (6/357; 1.7%)  5/169 (3.0%) (grade 23) 9357 (2.5%) (grade 23)  0/169 (0%) 0357 (0%)  nfa wa
ELEVATE-TN BID +/~
[16] obinutuzumab vs
chlorambucil +
obinutuzumab
Ghia; ASCEND CLL Acalabrutinb 100 mg  15.7 11153 (0.7%) 3154 (19%) 11/153; 7.2% (4/153; 26%)*  40/154; 26% (3154 1.9%)*  §/153 (3.3%) 5/154 (3.2%) W153(0%) 0154 (0%) 2153 (13%) /154 (0.6%)
3] BID vs idelalisib +
rifuximab vs
bendamustine +
rituximab
“Tam: ASPEN [20] WM Zanubrutinb 160 mg 327 Zanubrutinib: Zanubrutinib: 4.4 (0.3)* events per 100 person-months Zanubrutinib: 0.7 per 100 person months Wa Wa Wa Wa
twice daily vs 0.1 events per 100 person-months Ibrutinib: 7.0 (0.6)* events per 100 person-months Ibrutinib: 1.2 per 100 person-month
ibrutinib 420 mg Tbrutinib:

1.0 events per 100 person-months

Adapted from: Sestier et al. Curr Oncol Rep 2021;23:113




Study/ Disease Agent and F/u, months Rate of cardiac adverse events
authors dose
Atrial fibrillation Bleeding Any (major) Hypertension Ventricular Heart failure
tachyarrhythmia
Control BTI‘ Control BTKI Control BTKI Control BTKI Control BTKI
Chanan-Khan; CLL/SLL  Ibrutinib 420 mg vs 1 21/289 (7.3%) 42/289; 15% (5/289; 1.7%)*  89/289;31% (11/289; 3.8%)* 51289 (1.7%) 13/289 (4.5%) nia na nfa nfa
HELIOS [24] pla
Burger; CLL/ALL Ihmliﬂi] m 8/136 (5.9%) (3/133; 23%)* (6/136; 4.4%)* 0/132 (0%) 20/135 (15%) nia na nfa nfa
RESONATE-2 chloggliuci
[31
Byrd; RESONA linib 4 v 1/191 (0%) nia na na nfa
[2.22] fatum L) L) L) L)
Dreyling; RAY [4] MO ib 560 WEVs 20 2/141 (14%) At r I a I fl b rl I I a t I O n L] na na na wa
irolimus [ ]
Dimopoulos; WM Ibrutinib 420 mg + 26.5 2075 (2.7%) nfa nfa na nfa
INNOVATE rituximab vs
125] placebo + ritwcimab (o)
Huang [26] CLL Ibrutinib 420 mg vs 178 0/52 (09%) 0 at I I I O nt S nia na na n/a
rituximab ’
‘Woyach [10] CLL Ibrutinib 420 mg vs 43 5/176 (2.8%) nfa nfa na nfa
ibrutinib 420 mg + 0
10% at 1 year
bendamustine +
rituximab
Moreno; CLL Tbrutinib 420 mg + 31 115 (0%) nfa nfa nfa nfa
iLLUMINATE obinutuzumab vs
[27] chlorambucil +
obinutuzumab
Munir; CLL/SLL Tbrutinib 420 mg vs 653 nfa 24/195 (12%) nia 19/195 (10Gk)+##2+ na 417195 (21%) nia 2195 (1.0%) na 9/195 (4.6%)
RESONATE chlorambucil
N e
ST
Sharman; CLL Acalabrutinib 100 mg 283 1/169 (0.6%) 13357 (3.6%) 20/169; 12% (0/169; 0%) 146/357; 4196 (6/357; 1.7%)  5/169 (3.0%) (grade 23) 9357 (2.5%) (grade =3)  OV169 (0%)  OA57(0%)  na nla
ELEVATE-TN BID +/-
[16] obinutuzumab vs
chlorambucil +
obinutuzumab
Ghia; ASCEND CLL Acalabrutinib 100 mg 157 1/153 (0.7%) 3/154 (1.9%) 11/153: 7.2% (4153 2.6%)*  40/154; 26% (3/154; 1.9%)* 57153 (33%) 5/154 (3.2%) 0153 (0%) 0154 (0%) 2153 (13%)  1/154 (0.6%)
[13] BID vs idelalisib +
rifuximab vs
bendamustine +
rituximab
Tam: ASPEN [20] WM Zanubrutimib 160 mg 327 Zanubrutinid: Zanubrutinib: 4.4 (0.3)* events per 100 person-months “Zanubrutinib: 0.7 per 100 person-months a Ta a Wa
twice daily vs 0.1 events per 100 person-months Ibrutinib: 7.0 (0.6)* events per 100 person-months Ibrutinib: 1.2 per 100 person-month

ibrutinib 420 mg

Thrutinib:
1.0 events per 100 person-months

Adapted from: Sestier et al. Curr Oncol Rep 2021;23:113




Registry-data

Univariable:

HR lower.ci upper.ci p-value HR Plot (log scale)
19 SIR=14.9 (95% Cl, 7.4 to 26.7; p < 0.0001) Age 114 1.06 123 0.0003 "
Cohort Age>T5years 560 199 1737 00012 i
09 N ExpeCtEd Male 0.34 0.12 1.00 0.0504 , - 1
O/ BMI 0.84 0.66 1.06 0.1447 Fed
- o at 6 months | ' o
08 ’ Hypertension 223 0.80 6.47 0.1231 A
L (o) Diabetes mellitus 0.19 0.00 1.44 0.1310 —
< - 23%at 1 oo e
Y o7 6a ear, .
e} oronary artery disease 047 0.00 3.56 0.5516 —o
8 06 - 3 8 (y a t 2 ea rs Smoking 0.92 0.23 2.81 0.8885 ——
c .
()] 0 y Heart failure history 13.30 243 52.50 0.0060 P
h=}
© 05 — AF history ~ 2.90 0.74 878 0.1164 ——
c S 0 e e am e am am e
'5 | LAVI (mLim?) 337 1.20 9.91 0.0218 E—
% 0.4 - o == - LAVI (> 40 mL/m?) 8.68 2.86 26.26 0.0002 P
=] LVEF (%) 0.31 0.07 2.89 0.2482 A
g 0.3 - Global longidutinal strain (%) 0.44 0.14 1.36 0.1485 A
o Ibrutinib-related hypertension 1.80 0.53 5.16 0.3206 e
0.2 1 002 0050102 05 1 2 5 10 20 %0
_—
H H . Increased IRAF risk
0.1 - Multivariable:
HR lower.ci __upper.ci _ p-value HR Plot (log scale)
Heart failure history 284 0.48 12.83 0.2233 e
0
Age 275 years 2.96 0.82 10.69 0.0968 A
0 05 1 15 2 25
LAVI (240 mL/m?) 4.01 1.10 15.18 0.0361 S

Duration of treatment (years)

T | TR PP ) I 3 | G P ) 1
002 00501 02 05 1 2 5 10 20 50

Increased IRAF risk

Adapted from: Baptiste et al. Open Heart 2019;6:e001049
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Pathogenesis

Ganatra et al. ] Am Coll Cardiol EP 2018;4:1491
McMullen et al. Blood 2014;124:3829
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LA LV LA WV

Xiao et al. Circulation 2020;142:2443 YO [ ——
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@ ESC European Heart Journal (2022) 00, 1133 ESC GUIDELINES

European Society https:/doi.org10.1093/eurheartj/ehac244
of Cardiology

2022 ESC Guidelines on cardio-oncology
developed in collaboration with the European
Hematology Association (EHA), the European
Society for Therapeutic Radiology and
Oncology (ESTRO) and the International
Cardio-Oncology Society (IC-0S)

Developed by the task force on cardio-oncology of the European
Society of Cardiology (ESC)

Authors/Task Force Members: Alexander R. Lyon*! (Chairperson) (United
Kingdom), Teresa Lépez-Fernandez*! (Chairperson) (Spain), Liam S. Couch (Task
Force Coordinator) (United Kingdom), Riccardo Asteggiano (Italy),
Marianne C. Aznar' (United Kingdom), Jutta Bergler-Klein (Austria),
Giuseppe Boriani (Italy), Daniela Cardinale (Italy), Raul Cordoba® (Spain),
Bernard Cosyns (Belgium), David ]. Cutter (United Kingdom),
Evandro de Azambuja (Belgium), Rudolf A. de Boer (Netherlands), Susan F. Dent?
(United States of America), Dimitrios Farmakis (Cyprus), Sofie A. Gevaert
(Belgium), Diana A. Gorog (United Kingdom), Joerg Herrmann® (United States of
America), Daniel Lenihan® (United States of America), Javid Moslehi (United
States of America), Brenda Moura (Portugal), Sonja S. Salinger (Serbia),
Richard Stephens (United Kingdom), Thomas M. Suter (Switzerland),
Sebastian Szmit (Poland), Juan Tamargo (Spain), Paaladinesh Thavendiranathan
(Canada), Carlo G. Tocchetti (Italy), Peter van der Meer (Netherlands),

Helena J.H. van der Pal (Netherlands), and ESC Scientific Document Group

133 pages (1)
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Diagnosis atrial fibrillation

AF

Opportunistic screening for AF by pulse-taking or
ECG rhythm strip is recommended at every
clinical visit during BTK inhibitor therapy.”’?

2/3
asymptomatic

Lyon etal. Eur Heart ) 2022;43:4229

Palpitations: 24h HOLTER
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Treatment of AF
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Treatment of AF

\/ v
Anticoagulation Rhythm & rate
control

Interactions
CYP3A4 and P-gp
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CHADS VASc not validated in cancer patients
HAS BLED not validated in cancer patients

Issues not addressed in guidelines !
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\ P Assess Patient preferences and drug availability

(Class lla)

NOAC
m“@ ~ (Classlia)
;Q" (Class lla)

[Lyon et al. Eur Heart J 2022;4354229

@EScC—

CHA;,DS,-VASc score should be considered for
risk stratification for stroke/systemic
thromboembolism taking into account that it may
underestimate the actual thromboembolic

risk 519526

Long-term anticoagulation is recommended for
stroke/systemic thromboembolism prevention in
patients with cancer with AF and a
CHA,DS,-VASc score >2 (men) or >3 (women)
as per the 2020 ESC Guidelines for the diagnosis
and management of atrial fibrillation.””
Long-term anticoagulation should be considered
for stroke/systemic thromboembolism
prevention in patients with cancer with AF and a
CHA;DS,-VASc score=1 (men) or=2
(women) as per the 2020 ESC Guidelines for the
diagnosis and management of atrial fibrillation.””*
Patients with cancer,” AF, and CHA,;DS,-VASc
score 0 (men) or 1 (women) may have a higher
thrombotic risk than patients without cancer and
may be considered for therapeutic anticoagulation
after consideration of the bleeding risk.**
Thromboembolic and bleeding risk reassessment
is recommended during follow-up in patients with
cancer with AF.*?"

NOAC should be considered for stroke
prevention in preference to LMWH and VKA
(excluding patients with mechanical heart valves
or moderate-to-severe mitral stenosis) in patients
without a high bleeding risk, significant drug—drug
interactions, or severe renal dysfunction.”*'**
LMWH should be considered in patients with
active cancer® and AF who are not suitable for
NOA( _525

LAA occlusion may be considered for stroke
prevention in patients with cancer with AF and
contraindications for long-term anticoagulation
with a life expectancy >12 months.?*>3?
Antiplatelet therapy or prophylactic LMWH are
not recommended for stroke or systemic
thromboembolism prevention in AF with
cancer.”’?

Heart rate control strategy, preferably with
beta-blockers, should be considered in patients
who develop well-tolerated AF while they are
receiving active cancer treatment®.
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Rhythm & rate control? interaction

e Rate control: atenolol, bisoprolol, metoprolol
e Rhythm control: Ic (flecainide, propafenone), sotalol

If needed in patients with HF, amiodarone and digoxin should
be used very carefully; dronedarone should not be used.

AF induction: Dose INdependent

;[}. LEUVEN



TABLE 2 Interaction Between lbrutinib and Common Medications Used for Management of AF

Medication

Level of Interaction

Effect

Mechanism of Interaction

Diltiazem/verapamil Major Increases plasma level of ibrutinib CYP450 3A4 inhibition by diltiazem/verapamil
(6- to 9-fold)
Digoxin Moderate Increases plasma level of digoxin P-glycoprotein inhibition by ibrutinib
Amiodarone/dronedarone Major Increases plasma level of ibrutinib CYP450 3A4 inhibition by amiodarone/
(6- to 9-fold) dronedarone
Factor Xa inhibitor (rivaroxaban, Moderate Increases plasma level of factor Xa CYP450 3A4 induction and P-glycoprotein
apixaban, edoxaban) inhibitors inhibition by ibrutinib
Direct thrombin inhibitor Major Increases plasma level of P-glycoprotein inhibition by ibrutinib
(dabigatran) dabigatran
CYP450 = cytochrome P450.
Dabigatran Apixaban Edoxaban Rivaroxaban
P-gp substrate Yes Yes Yes Yes
CYP3A4 substrate No Yes (~25%) No (<4%) Yes (~18%)

Ganatra et al. JACC Clin Electrophysiol 2018;4:1491
Steffeletal. Europace 2021;23:1612
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IBRUTINIB CARDIOVASCULAR
ADVERSE EFFECTS

BLEEDING

Bruise L
(==

Adapted from: Sestier et al. Curr Oncol Rep 2021;23:113
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Incidence of bleeding in ibrutinib recipients
Francois Caron, Deborah Siegal, Christopher Hillis, Graeme Fraser, Darryl Leong

Any bleeding Major bleeding
(incidence per 100 patient-years) (incidence per 100 patient-years)
i Weght
Rate Weight Author  Rate (%)
(%) Sandoval-Sus 133 167
Chanankhan 2176 2171 : Fianes “: o’.:
Dimopoulos
Byrd 202 21.02 * wreon 100 416 i VR
Wang 276 1307 wang 8 s T
Thompson 049 1089 | D Fowler 0o 3| —
Upsky 2733 9.4 -9 Karanka 667 064
Byrd 5658 808 -9 wang 283 1019 S—
Jaglowski 946 304 —_—
Parkh 455 153) re= Suigenbaver  $.07 573 ——
Finnes 1667 321 —e— Byrd 263 16| ~@—
Hansson 5769 278 —— Burger 1» u| ———
Fowler 2549 273 —— Byrd 27 614 ——
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Pathogenesis

Epinephrine Clopidogrel

f prasue

Thromhuxane\/ s

Pseudopod

Biaation Abciximab

lbrutinib

Shatzel et al. ) Thromb Haemost 2017;15:835 i’]’ LEUVEN



Management

Avoid or postpone when DAPT necessary (coronary events)
Stop 7 days before and restart 1-3 days after procedures

If bleeding: transfusion?
(NO if CNS bleeding on antiplatelets? PATCH trial)

Shatzel et al. J Thromb Haemost 2017;15:835
Baharoglu et al. Lancet 2016;387:2605
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IBRUTINIB CARDIOVASCULAR
ADVERSE EFFECTS

HYPERTENSION HEART
FAILURE
@ /7
% mu
20%

Adapted from: Sestier et al. Curr Oncol Rep 2021;23:113
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TKI and VEGF inhibitors

Activation and b

stabilization =N

_ VEGFA
/‘

VEGFA

VEGFA

Y
’ VEGF Signaling Pathway Inhibitors
<« /ﬂ
| Bevacizumab (anti-VEGF)

Aflibercept (VEGF trap)

/—\I Ramucirumab (Anti-VEGFR2)

Cell survival
Angiogenesis
Prostaglandin production
Nitric oxide production

Tyrosine Kinase Inhibitors with Anti-VEGF Activity

FDA Approved
Sunitinib, sorafenib, pazopanib, axitinib,
regorafenib, vandetanib, ponatinib,
cabozantinib, lenvatinib

Under Investigation
Cediranib, tivozanib, toceranib, lucitanib

Moslehi, NEJM 2016;375:1457

-mab

-nib

Off target effects — Class effects
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Tyrosine Kinase
Inhibitor

Hypertension

-NIB

LVSD and HF
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Tyrosine Kinase
Inhibitor

ibruti-NIB

Hypertension

LVSD and HF
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Diagnosis arterial hypertension

Recommendations Class® Level®

BP monitoring and management

BP measurement is recommended for patients

treated with BTK inhibitors at every clinical i B
visit.2%*

Weekly home monitoring of BP during the first 3

months and every month thereafter should be lla C
considered for patients treated with BTK

inhibitors.
Lyon etal. Eur Heart J 2022;43:4229
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Treatment arterial hypertension

Adequate control of blood pressure and other cardiovascular
risk factors before start treatment

Start treatment >140/>90

ACE inhibitor - angiotensin receptor blocker (ARB) / beta
blockers / calcium channel blockers (avoid diuretics)

Home monitoring of blood pressures

I
l[} LEUVEN



Treatment heart failure

/

\

LVEF < 50% en
1 10%

~

)

-

~
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Treatment heart failure

/

\

~

LVEF < 50% en
1 10%

)

- ACE inhibitor / ARB
- Beta blockers

-

~
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IBRUTINIB CARDIOVASCULAR
ADVERSE EFFECTS

Adapted from: Sestier et al. Curr Oncol Rep 2021;23:113

VENTRICULAR
TACHYCARDIA
(sudden death)

WIVVIY
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Lampson et al. Blood 2017;129:2581
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Test ind:Other--post Cath
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Short-Coupled Variant of Torsade de Pointes

A New Electrocardiographic Entity in the Spectrum of
Idiopathic Ventricular Tachyarrhythmias

Antoine Leenhardt, MD; Emmanuel Glaser, MD; Miguel Burguera, MD;
Michael Niirnberg, MD; Pierre Maison-Blanche, MD; Philippe Coumel, MD

Background Torsade de pointes is characterized not only
by its particular ECG pattern but by its context of congenital or
acquired long QT syndrome and the long coupling interval of
the initial premature beat.

Methods and Results We observed 14 patients aged
34.6+10 years (mean=SD) with no structural heart disease
who presented with syncope related to a typical ECG aspect of
torsade de pointes. However, there was no evidence of long
QT syndrome, and the torsade had the unusual particularity of
an extremely short coupling interval of the first beat or of the
isolated premature beats (245+28 milliseconds). In 10 cases
they deteriorated into ventricular fibrillation. Four patients
had a familial history of sudden death. Only 2 patients had a
tachyarrhythmia inducible by programmed stimulation. At

Holter recordings the heart rate variability was globally and
significantly depressed, the vagal limb of the autonomic ner-
vous system being predominantly affected. During a mean
follow-up of 7 years there were 5 deaths (4 sudden). Nine
patients are alive, 3 with implanted defibrillators and 6 treated
with verapamil alone. Unlike the other types of antiarrhythmic
agents including B-blockers and amiodarone, verapamil is in
our experience the only drug apparently active on the arrhyth-
mias; however, it does not prevent sudden death.

Conclusions The short-coupled variant of torsade de
pointes should be identified because of their ECG pattern and
the risk of sudden death in young adults with no structural
heart disease. (Circulation. 1994;89:206-215.)

Key Words e intervals e death, sudden e fibrillation
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Toll-like Receptor Chemokine Receptor
Signaling

B Cell Receptor Singnaling
Signaling

Fer alle/?

Wen et al. Leukemia 2021;35:312
Pereira et al.J Mol Cell Cardiol 2017;108:



IBRUTINIB CARDIOVASCULAR
ADVERSE EFFECTS

PERICARDIAL
EFFUSION

o ©

Case reports
Including tamponade!
Adapted from: Sestier et al. Curr Oncol Rep 2021;23:113
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CONCLUSION:

ATRIAL BLEEDING HYPERTENSION HEART VENTRICULAR PERICARDIAL
FIBRILLATION FAILURE TACHYCARDIA EFFUSION
’ (sudden death) A ®
LVEF L
Rate>rhythm control Avoid if DAPT Treat Treat & switch Resuscitate! Evacuate if
Anticoagulate treatment (& stop treatment) tamponade

Continue BRTI!
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Suggested reading:

1.

Salem et al. Cardiovascular toxicities associated with ibrutinib. J Am
Coll Cardiol 2019;74:1667

Ganatra et al. Ibrutinib-associated atrial fibrillation. J Am Coll
Cardiol EP 2018;4:1491

Lyon et al. ESC Guidelines on cardio-oncology. Eur Heart J.
2022;43:4229 (only BTKI & AF part!)

Sestier et al. Bruton’s tyrosine kinase inhibitors and cardiotoxicity:
more than just atrial fibrillation. Curr Oncol Rep 2021;23:113
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