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Ogden Bruton: Bruton’s Agammaglobulinemia

= Chief of Pediatrics at Walter Reed National Military Medical
Center

= Described “a hitherto unrecognized entity manifested by
complete absence of gamma globulin with otherwise normal
serum proteins and recurrent pneumococcal sepsis is described
in an 8-yr-old male”

= The causal genetic defect has since been mapped to the gene
for Bruton’s tyrosine kinase (BTK), at band Xg21.3

— BTK plays a crucial role in B-cell maturation, but when mutated
can result in the immunodeficiency disorder XLA

= Patients with XLA have normal pre—B-cell populations in their
bone marrow but these cells fail to mature and enter the

circulation
O]

Bruton. Pediatrics. 1952;9:722. Slide credit: clinicaloptions.com



Presenter Notes
簡報註解
XLA, X-linked agammaglobulinemia.
描述“一名 8 歲男性出現一種迄今為止未被識別的實體，表現為完全缺乏丙種球蛋白，血清蛋白正常，並且患有復發性肺炎球菌敗血症”

http://www.clinicaloptions.com/
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Bruton’s tyrosine kinase (Btk): cytoplasmic protein tyrosine kinases and is expressed in many hematopoietic
cell lineages. Dual mechanism of action:
(i) inhibition of BCR-dependent B cell proliferation and autoantibody production

(ii) suppression of myeloid cell-dependent inflammatory cytokine production

B lymphocyte




BTK Inhibition Targets Both Adaptive and Innate Drivers of
Immune-Mediated Disease

B-Cells, Plasma Cells Monocytes, Mast Cells, Basophils Neutrophils
Macrophages
Blocks B-cell receptor Blocks IgG-mediated
FcgR activation, Blocks IgE-mediated Inhibits activation,
Inhibits plasma cell phagocytosis, FceR activation and adhesion, recruitment,
No effect differentiation and inflammatory degranulation and oxidative burst
antibody production mediators

BTK Inhibition

Adaptive Innate

Lopez-Herrera. J Leukoc Biol. 2014;95:243. Langrish. J Immunol. 2021;206:1454. Slide credit: clinicaloptions.com
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B-Cell Malignancies: Cell Types and Associated Diseases
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Associated Diseases

Acute lymphoblastic leukemia

Mantle cell lymphoma,

marginal zone lymphoma, CLL

DLBCL

Follicular lymphoma, DLBCL,
Hodgkin lymphoma

Burkitt lymphoma

Waldenstrom
macroglobulinemia

Multiple myeloma,
amyloidosis

Burger. Nat Rev Cancer. 2018;18:148. Marti. In: Isvoranu, editor. Lymphocyte Updates - Cancer, Autoimmunity and Infection.
2017. NCI. Adult ALL treatment (PDQ®). NCI. Adult NHL treatment (PDQ®). NCI. Adult HL treatment (PDQ®). NCI. Plasma cell

neoplasms (including multiple myeloma) treatment (PDQ®).

B

Slide credit: clinicaloptions.com



Presenter Notes
簡報註解
BTK, Bruton tyrosine kinase; CLL, chronic lymphocytic leukemia; DLBCL, diffuse large B-cell lymphoma.

As you can see depicted on this slide, this highlights the B cell malignancies from the very potent stem cell or lymphoid progenitor cell, to the pre B cell and so on to the fully grown plasma cells. You can see the associated diseases to the right such as mantle cell lymphoma, marginal zone lymphoma, and CLL, which are created in the secondary lymphoid tissues, to Waldenström's, which is mostly located in the bone marrow.

http://www.clinicaloptions.com/

BTK in B-Cell Malignancies

= The BCR pathway plays a role in the growth, proliferation, and survival
of normal and malignant B-cells

= BTK an essential enzyme in the BCR signaling pathway; downstream of
BCR

" |nhibition of BTK can lead to the downstream mitigation of cell growth,
proliferation, adhesion, migration, and survival of malignant B-cells

= BTK inhibitors approved in multiple lymphoma settings: CLL, MCL and
MZL, and Waldenstrom macroglobulinemia



Presenter Notes
簡報註解
BCR, B-cell receptor; BTK, Bruton tyrosine kinase; CLL, chronic lymphocytic leukemia; MCL, mantle cell lymphoma; MZL, marginal zone lymphoma.

Let’s discuss BTK in B‑cell malignancies. Targeting the B‑cell receptor (or BCR) pathway has become an area of interest in drug development to treat B‑cell malignancies.  BTK is an essential enzyme in the BCR signaling pathway downstream of BCR, so inhibition of BTK can lead to the downstream mitigation of cell growth, proliferation, adhesion, migration and survival of malignant B‑cells.  Various BTK inhibitors have been approved in multiple settings such as CLL, newly diagnosed and relapsed MCL, marginal zone lymphoma and Waldenström's macroglobulinemia.




J Pers Med. 2021 Aug 3;11(8):764




Covalent vs Non-Covalent BTK inhibitors

Category

Mechanism of Action
Examples

Activity Against BTK
Mutations

Selectivity

Tolerability and Safety

Clinical Applications

Advantages

Limitations

Covalent BTK Inhibitors

Irreversibly bind to the C481 residue in BTK.

Ibrutinib, Acalabrutinib, Zanubrutinib

Limited activity in C481-mutated BTK (e.g., C481S
mutation).

First-generation inhibitors ( Ibrutinib) have off-target
effects. Second-generation inhibitors (e.g., Acalabrutinib,
Zanubrutinib) are more selective.

Side effects: Atrial fibrillation, bleeding, hypertension
(higher with Ibrutinib). 2" generation inhibitors have
improved safety profiles.

First-line and relapsed/refractory settings in CLL, mantle
cell ymphoma (MCL), and other B-cell malignancies.

Long-lasting inhibition; established efficacy in frontline and

relapsed settings.

Resistance develops over time (C481 mutation); some
toxicities (e.g., cardiac events, bleeding).

Non-Covalent BTK Inhibitors

Reversibly bind to BTK, independent of C481
residue. (Hydrogen bonds, van der Waals,
and electrostatic.

Pirtobrutinib (LOXO-305)

Active against C481-mutated BTK.

Highly selective, fewer off-target interactions.

Better tolerability, fewer cardiac and bleeding
complications.

Primarily studied in relapsed/refractory
settings, especially for patients resistant to
covalent inhibitors.

Effective in BTK C481-mutant cases; fewer
side effects; potential in resistant cases.

Limited current availability and approval;
ongoing trials .




Bruton’s Tyrosine Kinase (BTK)
Inhibitors in Chronic Lymphocytic Leukemia (CLL)

A  Recirculation of CLL Cells between Blood and Lymphoid Tissue

e\ /} P ﬂllFer'atmn

S,

Lymph nnde . "{

& \

.H--

B cells respond to signals in
the microenvironmental niche of the
lymph node by expressing prosurvival
proteins and proliferating. CLL cells,
which derive from B cells, retain
sensitivity to these signals.

Homing and retention

"

of B and CLL cells in
the lymph node <€——
depend on BTK
signaling

CXCR4

N Engl J Med 2023;389:83-86
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Circulating CLL cells
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Down-regulation of CD5 and
renewed expression of CXCR4
promote the return of the




Bruton’s Tyrosine Kinase (BTK)
Inhibitors in Chronic Lymphocytic Leukemia (CLL)
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Covalent BTK inhibitors irreversibly bind to a cysteine
residue within the ADP-binding pocket. Noncovalent
BTK inhibitors reversibly bind to the ADP-binding

pocket.
Cvs481 ADP-binding
v pocket ;
@ - CEl

Covalent BTK

Moncovalent BTK __.
inhibitor

inhibitor

N Engl J Med 2023;389:83-86




Bruton’s Tyrosine Kinase (BTK)
Inhibitors in Chronic Lymphocytic Leukemia (CLL)

C  Current and Future BTK Inhibitor Therapies

Covalent BTK inhibitor || Noncovalent BTK inhibitor | ‘ BTK degrader
Examples are c Pirtobrutinib is a noncovalent BTK inhibitor | "
acalabrutinib, ibrutinib, ' ' ' indi

that binds reversibly to the ADP-binding Linker (drug)

and zanubrutinib pocket \
Ubiquitin /
Iigaseﬁ —
Pirtobrutinib ; " i
e‘"‘ eo 0 N of

BTK inhibitor blocks signaling by nonvariant BTK

Noncovalent BTK inhibitor inhibits both nonvariant (C) Proteasome
and variant (S) BTK degradation

N Engl J Med 2023;389:83-86

BTK inhibitor does not block signaling by variant BTK




(B) BTK (Xq22.1)

a) Ibrutinib (covalent)
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Binding Affinities of BTK Inhibitors
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| |
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M437R Decreased Normal Decreased Decreased Norrmal

T474] Decreased Decreased Decreased Normal Normal

L528W Nane Nane Decreased Normal Nane
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Covalent Moncovalent
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W L528W N Engl J Med 2022;386:735-743
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Indications for Available BTK Inhibitors

m Acalabrutinib Zanubrutinib

Adults with MCL treated with Adults with MCL treated with Adult with CLL or SLL

21 prior tx >1 prior tx R/R Follicular lymphoma (in
combination with obinutuzumab) =2
lines of systemic therapy.

Adult with R/R Mantle cell
lymphoma treated with > 1 prior tx

Adults with CLL/SLL with or Adults with CLL/SLL
without 17p deletion

Adults with Waldenstrom
macroglobulinemia

Adults with MZL requiring Adult with R/R MZL treated with > 1
systemic tx and treated with Anti-CD20 base Tx

>1 prior anti—CD20-based tx

Adults with chronic GVHD after Adult with Waldenstrom

failure of 21 lines of systemic tx macroglobulinemia

Ibrutinib PI. Acalabrutinib PI. Zanubrutinib PI.



Presenter Notes
簡報註解
CLL, chronic lymphocytic leukemia; GVHD, graft-vs-host disease; MCL, mantle cell lymphoma; MZL, marginal zone lymphoma; SLL, small lymphocytic lymphoma; tx, treatment.


.

Mechanisms of Action and Properties of Approved

BTK Inhibitors

Ibrutinib? Acalabrutinib?4

Zanubrutinib®

= First-generation BTK inhibitor = Second-generation BTK inhibitor = Second-generation BTK inhibitor
" Potent and irreversible = Highly selective, potent, = Highly selective, potent,
irreversible irreversible
Approved: Approved: Approved:
= CLL/SLL + del(17p) = MCL with 21 prior therapy = MCL with 21 prior therapy
= WM = CLL/SLL = Adult with R/R MZL treated with
= MCL with 2 1 prior therapy = 1 Anti-CD20 base Tx
= MZL in patients who require systemic = CLL/SLL
tx and had 21 CD20-targeted tx = WM

=  Chronic GVHD
=  Once-daily dosi

= 420 mg PO daily for CLL/SLL
WM

— 560 mg

100 mg PO g12h for MCL,
CLL/SLL

PO dally tor MCL, MZL

1. Ibrutinib PI. 2. Acalabrutinib PI. 3. Byrd. NEJM. 2016;374:323. 4. Barf. J Pharmacol Exp Ther. 2017;363:240. 5. Zanubrutinib PI.

Once-daily dosing
— 320 mg PO daily for MCL
Twice-daily dosing
— 160 mg PO q12h for MCL
[¢]

Slide credit: clinicaloptions.com



Presenter Notes
簡報註解
BTK, Bruton tyrosine kinase; CLL, chronic lymphocytic leukemia; GVHD, graft-vs-host disease; MCL, mantle cell lymphoma; MZL, marginal zone lymphoma; SLL, small lymphocytic lymphoma; tx, treatment; WM, Waldenström macroglobulinemia.

There are various mechanisms of action among these BTK inhibitors. First is ibrutinib; it’s a first generation BTK inhibitor; it’s potent and irreversible; it’s a small molecule that covalently binds to the cysteine residue on the site of BTK.  Ibrutinib has been used for the longest period of time and we have years of studies to support its efficacy and safety in CLL, Waldenström's, etc. 
Acalabrutinib and zanubrutinib are the second generation BTK inhibitors that are highly selective, potent and irreversible. Each of these are approved for various indications, but acalabrutinib has become more of an area of interest recently, as you’ll hear in some of the data that I’ll present later. The twice daily dosing of 100 mg PO Q12 hours has been used in mantle cell lymphoma, CLL, and SLL.  
Zanubrutinib is FDA approved for mantle cell lymphoma and it has once and twice daily dosing schedules as well.
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Current Treatment Landscape in CLL

First-line
Treatment
Options

Second-line
Treatment
Options

No del(17p)/TP53 mutations With del(17p)/TP53 mutations
FCR (/IGHV mutated and <65 yrs/fit) Ibrutinib

Ibrutinib Acalabrutinib = Obinutuzumab
Acalabrutinib £ Obinutuzumab Zanubritinib £ Obinutuzumab
Zanubritinib = obinutuzumab Venetoclax + obinutuzumab

Venetoclax + obinutuzumab

With or without del(17p)/TP53 mutations
Ibrutinib

Acalabrutinib

Zanubritinb

Venetoclax + rituximab

Idelalisib + rituximab

Duvelisib



Presenter Notes
簡報註解
CLL, chronic lymphocytic leukemia; FCR, fludarabine, cyclophosphamide, rituximab.

When we look at the current treatment landscape in CLL, to start off with, we have first line BTK inhibitors ibrutinib and acalabrutinib for patients with or without del(17p) or TP53 mutations, in various combinations, and they are also used in second line therapy with or without the noted mutations, and we’ll talk about that a little bit later.



The development of treatment for chronic lymphocytic
leukemia (CLL) and small lymphocytic lymphoma (SLL)
= Chemotherapy and Chemoimmunotherapy
— Alkylating Agents: chlorambucil and cyclophosphamide

— Fludarabine-Based Regimens: In the 1990s, fludarabine superior efficacy over
chlorambucil. Fludarabine with cyclophosphamide (FC),

— Chemoimmunotherapy (FCR): The addition of rituximab, fludarabine and
cyclophosphamide (FCR) ( high response rates and prolonged remissions)

= Monoclonal Antibodies (anti-CD20 monoclonal antibody )
— Rituximab: as backbone for combination regimens.

— Newer anti-CD20 antibodies : Ofatumumab and Obinutuzumab




The development of treatment for chronic lymphocytic
leukemia (CLL) and small lymphocytic lymphoma (SLL)

= BTK Inhibitors (Bruton's tyrosine kinase inhibitor)
— The introduction of ibrutinib in the 2010s marked a shift to targeted therapies for CLL.

— Remarkable efficacy in relapsed or refractory CLL and significantly improved PFS and OS,
especially in del(17p) and TP53 mutations.

— However, long-term use was associated with cardiovascular side effects.

— Second-Generation BTK Inhibitors : Acalabrutinib and Zanubrutinib (similar efficacy to
ibrutinib but with reduced toxicity )

= BCL-2 Inhibitors

— Venetoclax: targets the anti-apoptotic protein BCL-2, which is overexpressed in CLL. (
high efficacy in combination with anti-CD20 antibodies in del(17p) or TP53 mutations)

— Deep remissions and are used as a finite-duration (B [E) treatment, allowing for
treatment-free periods after therapy completion




The development of treatment for chronic lymphocytic
leukemia (CLL) and small lymphocytic lymphoma (SLL)

= PI3K Inhibitors

— Another targeted option with relapsed/refractory CLL. often combined
with rituximab, showed efficacy in heavily pretreated patients. However,
the risk of immune-mediated side effects has limited their use in favor of
BTK and BCL-2 inhibitors




Current Treatment Landscape in Mantle Cell Lymphoma

Aggressive Chemotherapy

oxaliplatin)
First-line R-CHOP/R-DHAP

Treatment NORDIC (maxi-CHOP/R + HD cytarabine)

Options

R-DHAP (cisplatin, carboplatin or

Consolidation and Maintenance

Second-line

Treatment
Options

HDT + ASCT = R maint for 3 yrs

Chemoimmunotherapy

Less Aggressive Chemotherapy
BR

VR-CAP

R-CHOP

Lenalidomide + R

Maintenance
After R-CHOP: R maint until PD

Ibrutinib
Acalabrutinib
Zanubrutinik
Lenanmaomide £ R

Venetoclax (off-label)

Slide credit: clinicaloptions.com



Presenter Notes
簡報註解
ASCT, autologous stem cell transplant; BR, bendamustine/rituximab; HD, high-dose; HDT, high-dose therapy; PD, progressive disease; R, rituximab

The current treatment landscape in mantle cell lymphoma includes aggressive or less aggressive chemotherapy as frontline options.  Unfortunately, mantle cell lymphoma is a very aggressive B cell malignancy with a shorter reported median overall survival of 3 5 years. Many patients will relapse and, therefore, ibrutinib, acalabrutinib, and zanubrutinib can be different therapeutic options in the second-line setting for those individuals.

http://www.clinicaloptions.com/

.

Marginal Zone Lymphoma and Waldenstrom
Macroglobulinemia: A Brief Overview

Marginal Zone Lymphoma

= Rare diseases with a heterogeneous
clinical presentation

Extranodal MZL of the MALT is the
most common (~70% of MZLs)

Splenic MZL (~20% of MZLs)

Given their rarity, it is often difficult to
conduct clinical trials specifically
designed for patients with MZL
Ibrutinib and Zanubrutinib safety,
efficacy has been established

Waldenstrom Macroglobulinemia

= |ndolent lymphoplasmacytic infiltrate in
bone marrow and IgM paraprotein in serum

— lbrutinib has demonstrated efficacy as
monotherapy for rituximab-resistant
cases, especially with MYD88
mutations

— Trend toward improved responses and
less toxicity with Zanubrutinib

Slide credit: clinicaloptions.com



Presenter Notes
簡報註解
BTK, Bruton tyrosine kinase; MALT, mucosa-associated lymphoid tissue; MZL, marginal zone lymphoma

Marginal zone lymphoma (MZL) and Waldenström's macroglobulinemia are less common conditions that you see in your clinical practice. Marginal zone lymphoma is a rare disease with heterogeneous clinical presentation; there’s extranodal and splenic MZL with different presentations. Given MZL’s rarity, it’s often difficult to conduct clinical trials with this patient population. However, ibrutinib safety and efficacy has been well established in these patients.
Now, Waldenström's macroglobulinemia is an indolent lymphoplasmacytic infiltrate in the bone marrow and arises from the IgM paraprotein in the serum.  We know that ibrutinib has demonstrated efficacy in monotherapy, especially for rituximab‑resistant cases and especially with the MYD88 mutations. Current studies of BTK inhibitors are ongoing in this disease group, as we’ll talk about later.


http://www.clinicaloptions.com/

Dosing and Administration of BTK Inhibitors in CLL

_ Ibrutiniblal Acalabrutinib®] | Zanubrutinibf<c.dl

420 mg orally 100 mg orally 160 mg orally twice daily

Dosin
g once daily twice daily of .
320 mg orally once daily
Half-life 4 to 6 hours 1 hour 2 to 4 hours
Medlan T,,.x 1to 2 hours 0.9 hours 2 hours

100% up to 24 hours at
total daily dose of
320 mg

90% up to 24 hours after > 95% over 12 hours after

BTK occupanc
petisy doses of 2.5 mg/kg/d 100 mg every 12 hours

Capsules: 70 mg, 140 mg
Dose forms and strengths Tablets: 140 mg, 280 mg, Capsules: 100 mg Capsules: 80 mg

420 mg, 560 mg

Renal impairment No adjustment No adjustment No adjustment

Hepatic impairment

Child-Pugh Class A (mild) 140 mg daily No adjustment No adjustment
Child-Pugh Class B (moderate) 70 mg daily No adjustment No adjustment
Child-Pugh Class C (severe) Avoid use Avoid use 80 mg twice daily

a. Imbruvica® (ibrutinib) [P1). 2020; b. Calquence® (acalabrutinib) [PI]. 2019; c¢. Brukinsa™ (zanubrutinib) [PI]. 2019; d. NCCN. CLL/SLL. Version 4.2021.



Kinase Selectivity of BTK Inhibitors

Kinase Selectivity Profiling at 1 pmol/L (in vitro)
Larger red circles represent stronger inhibition

IC;,/ECs5, (nM)
(Inhibitory Concentration 50%)/(Effective
Concentration 50%):

Kinase Ibrutinib  Acalabrutinib Zanubrutinib

BTK 1.5 5.1 0.5

TEC 10 126 44

ITK 4.9 >1000 50

BMX 0.8 46 1.4 Ibrutinib Acalabrutinib
EGFR 5.3 >1000 21

ERBB4 3.4 16 6.9 |

JAK3 32 >1000 1377 \"--ffT“ER i

BLK 0.1 >1000 2.5 Zanubrutinib 7/

\ CMGC /
Ty CAMK_~ E

Kaptein. ASH 2018. Abstr 1871. ~__" ___—"slide credit: clinicaloptions.com
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簡報註解
The lower the IC₅₀ value, the more potent the inhibitor, as it takes a smaller concentration to achieve 50% inhibition.
a lower EC₅₀ indicates a more potent drug or compound, as it requires a smaller concentration to produce half of the maximal effect.

http://www.clinicaloptions.com/

Potential Effects Due to Off-Target Inhibition

BTK kinase TEC kinase ITK kinase BMX kinase

* Platelet effectsl®b] * Platelet effects!a.b] * Antibody-dependent » Cardiac toxicityla!

cellular cytotoxicity?

Tyrosine-protein Bone Marrow

kinase expressed Interleukin-2- tyrosine kinase on
in hepatocellular inducible T-cell chromosome X.
carcinoma. kinase

EGFR kinase ERBB4 kinase JAK3 kinase BLK kinase

* Rashl « Cardiac toxicityladl * Immune effectsl@ *

» Cardiac toxicityld
« Diarrheal]

a. Bergl6f A, et al. Scand J immunol. 2015;82:208-217; b. Shatzel JJ, et al. J Thromb Haemost. 2017;15:835-847; c. Lipsky A, et al. Hematology Am Soc Hematol Educ Program. 2020;2020:336-
345; d. Estupifidan HY, et al. Front Cell Dev Biol. 2021;9:630942.



Potential Mechanisms of Off-Target Inhibition

Stephens. Blood. 2019;133:1298.

Atrial Inhibition of
Fibrillation phosphoinositol
3-kinase

Inhibition of platelet

G -8 aggregation via
glycoprotein VI

BTKi
Adverse Inhibition of
Events interleukin-2—inducible

T 1edle1 B T-cell kinase, inhibition of
macrophage function

Unknown, but
possible inhibition of
an alternative target
of ibrutinib

Arthralgia

Slide credit: clinicaloptions.com
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Ierti n i b by Janssen Biotech, Inc. and Pharmacyclics LLC, an AbbVie company: SU m ma ry Of
Trials Supporting Approvals

CLL MCL MZL WM

Approved in frontline and Approval based on phase Il  Approval based on open- Evaluated in both the
relapsed/refractory PCYC-1104 trial of label phase Il study in frontline and relapsed/
settings, various studies previously treated patients  previously treated refractory settings®
= ALLIANCE (A041202): with relapsed or refractory  patients.” Single-agent = Median follow-up:

First-line BR vs ibrutinib ~ MCL# ibrutinib induced durable 59 mo

+ rituximab in CLL/SLL? remissions (ORR: 58%) with = ORR: 90.5%
= Phase lll E1912: Ibrutinib a favorable benefit—risk = Major response rate:

+ rituximab vs FCR in profile. 79.4%

patients <70 yrs with = |nhibition of BCR

previously treated signaling with ibrutinib

CLL/SLL? provides a treatment
= Phase IIl RESONATE 2: option without

ibrutinib in older hemotherapy for an MZL

patients with treatment- population with high

naive CLL/SLL3 unmet need

1. Shanafelt. NEJM. 2019;381:432. 2. Woyach. NEJM. 2018;379:2517. 3. Burger. NEJM. 2015:373:2425. slide credit: clinicaloptions.com

4. Wang. NEJM. 2013,369:507. 5. Noy. Blood. 2020;24:5773. 6. Treon. JCO. 2021;39:565.



Presenter Notes
簡報註解
BCR, B-cell receptor; BR, bendamustine/rituximab; CLL, chronic lymphocytic leukemia; FCR, fludarabine, cyclophosphamide, rituximab; MCL, mantle-cell lymphoma; MZL, marginal zone lymphoma; ORR, overall response rate; SLL, small lymphocytic lymphoma; WM, Waldenström macroglobulinemia.

The safety and efficacy of ibrutinib has been established in numerous indications.  CLL has been the most widely studied in newly diagnosed or previously treated patients in multiple studies, as listed on this slide.  
Ibrutinib also has mantle cell lymphoma, marginal zone lymphoma, and Waldenström's macroglobulinemia indications based on results from the clinical studies you see here.


http://www.clinicaloptions.com/

B
Phase Il PCYC-1104: Targeting BTK With Ibrutinib in

Relapsed/Refractory Mantle Cell Lymphoma

Patients with MCL and measurable disease
(LN diameter 22 cm); 1-5 previous lines of tx;

Continue until PD or

no <PR to the most recent tx or PD after the —— 560IertPI?)I2I " ——  unacceptable AE
most recent tx; adequate organ function me atly occurred
(N=111)
1007 @CR WPR 100 PFS (All Patients) 100- OS (All Patients)
X 90-
w0 80 - - .
£°°]68%  g500  67% 80 80
S o] X 607 < 60- 47%
0 1 7, -
- . 31% v
; gg_ & 407 \edian PFs: 13 mo | ° O 401 Median 0S: 22.5 mo |
8 5p- 20 (95% c1:7.0-17.5) : 50 (95% Cl: 13.7-NE) ;
5 10 + Censored | + Censored |
) : 01 ' ! ' ! ' ' ' : ' ' 0+ T T T T T T T i T T 1
No Prior Prior Total 12 15 18 21 24
Bortezomib Bortezomib (N =111) 0 369 27 30 0 3 6 9 12151821 24 27 30 33
Exposure Exposure Patients at Risk, n Mo Patients at Risk, n Mo
(n=63) (n=48) 111 91 67 55 52 47 36 27 22 11 O

Wang. NEJM. 2013;369:507. Wang. Blood. 2015;126:739.

111103 88 71 64 59 55 49 33 25 Etiq 0

Slide credit: clinicaloptions.com



Presenter Notes
簡報註解
AE, adverse event; BTK, Bruton tyrosine kinase; CR, complete response; LN, lymph node; MCL mantle cell lymphoma; NE, not estimable; OS, overall survival; PD, progressive disease; PFS, progression-free survival; PR, partial response; tx, treatment.

One of the most interesting studies I’d like to share with you is targeting BTK with ibrutinib in relapsed/refractory mantle cell lymphoma. Mantle cell lymphoma, as we mentioned, is a particularly difficult disease to treat. In this study, patients with MCL and measurable disease were given ibrutinib at a dose of 560 mg PO daily. The drug was continued until progressive disease or unacceptable toxicities occurred.  
What’s interesting in this study is that although all of these patients had prior therapy, it didn’t matter whether or not patients had prior bortezomib treatment, because progression‑free survival and overall survival in these patient groups were comparable in both groups.  And we didn’t have a high amount of toxicities or treatment discontinuations with this drug.



http://www.clinicaloptions.com/

Acalabrutinib ( by AstraZeneca ): Key Studies

CLL MCL

Phase Ill ELEVATE-TN: acalabrutinib Phase Il ACE-LY-004 trial: open-label, single arm
obinutuzumab in patients with treatment-naive study of acalabrutinib in relapsed/refractory MCL*
CLL!

Phase Il ASCEND: head-to-head study of 2 small-
molecule inhibitors, idelalisib and acalabrutinib,
plus

BR or rituximab?

Phase Ill ELEVATE RR: head-to-head study of
acalabrutinib and ibrutinib3

1. Sharman. Lancet. 2020;395:1278. 2. Ghia. JCO. 2020,;38:2849. E
3. Byrd. ASCO 2021. Abstr 7000. 4. Wang. Lancet. 2018;391:659. Slide credit: clinicaloptions.com



Presenter Notes
簡報註解
BR, bendamustine/rituximab; CLL, chronic lymphocytic leukemia; MCL, mantle-cell lymphoma.

So when we look at acalabrutinib, which is a newer, second generation BTK inhibitor, you can see listed on this slide that results from various studies such as ELEVATE TN, the phase III ASCEND, and the phase III ELEVATE RR trials show efficacy and safety in CLL, as well as in the ACE-LY-004 trial in mantle cell lymphoma, which I’ll go over in just a moment.


http://www.clinicaloptions.com/

Phase Il ELEVATE-TN: Acalabrutinib * Obinutuzumab vs
Chlorambucil + Obinutuzumab in Treatment-Naive CLL

Acalabrutinib 100 mg PO BID + Obinutuzumab*

Treatment-naive CLL / (n=179)

patients 265 yrs or
<65 yrs with Acalabrutinib 100 mg PO BID
CIRS score >6 or (n=179)

CrCl <70 mL/min
(N = 535) \ . o . Crossover allowed to
Obinutuzumab* + Chlorambucil 0.5 mg/kg PO D1, 15 — acalabrutinib after IRC-

Stratified by: (n=177) confirmed progression
del(17p), ECOG PS 0-1 vs 2,
geographic region

* Primary endpoint: PFS by IRC of acalabrutinib + obinutuzumab vs obinutuzumab +
chlorambucil

= Key secondary endpoints: PFS of acalabrutinib vs obinutuzumab + chlorambucil,
ORR by IRC and investigators, time to next treatment, OS, safety

*1000 mg IV on Days 1, 2, 8, 15 of 28-day cycle 1; Day 1 of cycles 2-6.

Sharman. Lancet. 2020;395:1278. Slide credit: clinicaloptions.com



Presenter Notes
簡報註解
CIRS, Cumulative Illness Rating Scale; CLL, chronic lymphocytic leukemia; CrCl, creatinine clearance; ECOG PS, Eastern Cooperative Oncology Group performance status; IRC, independent review committee; ORR, overall response rate; OS, overall survival; PFS, progression-free survival.

The phase III ELEVATE‑TN trial is a study that looked at acalabrutinib plus or minus obinutuzumab versus chlorambucil and obinutuzumab in treatment‑naïve CLL.  So, again, patients who had not received prior treatment, who were older than 65 years old, or less than 65 with a CIRS score of greater than 6, were given either acalabrutinib plus obinutuzumab or acalabrutinib twice daily or obinutuzumab and chlorambucil. The primary endpoint was PFS of acalabrutinib and obinutuzumab versus obinutuzumab and chlorambucil.


http://www.clinicaloptions.com/

ELEVATE-TN: PFS With 4-Yr Follow-up

A+0 vs O+Clb 100+ - 87% | Median PFS = NR

HR: 0.10 (95% Cl: 0.07-0.17) 2o T M

Z:sog?rlcm ij o Overall 78% 'Median PFS = NR

HR:0.19 (95% CI:0.13-0.28) & ,._| A+O !

P <.0001 — A e —

A+O vs A 20 O+Clb 25% ! Median PFS = 27.8 mo

HR: 0.56 (95% Cl: 0.32-0.95) 0= I

P =.0296 0 3 6 9 12 15 18 21 24 27 30 33 36 39 42 45 48 51 54 57 59
Patients at Risk, n Mo

A+O 179 176 171 168 164 163 160 157 156 156 153 152 150 141 132 &85 59 33 12 2
A 179 167 163 158 156 155 153 150 149 146 142 141 136 130 123 79 61 35 16 4
O+Clb 177 163 156 153 139 125 110 100 8 82 67 66 55 48 42 22 13 6 2 1

100+
A+O vs 0+Clb —_— 86%I Mediag PFS_=_.NR
vs 80+ =F‘3_‘#“'!:.:.‘:":'_ - N

HR: 0.06 (95% Cl: 0.04-0.11) < Unmutated : A —

P <.0001 S 60- IGHV 77%, Median PFS = NR

. (%]

A vs O+Clb a  40- A+O :

HR: 0.10 (95% Cl: 0.06-0.16) o] —A |

P <.0001 O+Clb 4% jMedian PFS = 22.2 mo

0 T

T T T T T T T T T T J T T T T T T T T 1
0 3 6 9 12 15 18 21 24 27 30 33 36 39 42 45 48 51 54 57 59

Patients at Risk, n Mo

A+O 103 102 100 97 95 95 94 92 91 91 90 89 89 84 78 47 35 17 7 1
A 119 112 109 107 107 106 105 104 103 101 98 97 93 89 84 52 38 22 11 1
O+Clb 116 105 101 99 8 75 62 55 43 41 28 27 19 14 11 2 1 1 1 0

Sharman. ASCO 2021. Abstr 75009. Slide credit: clinicaloptions.com



Presenter Notes
簡報註解
A, acalabrutinib, Clb, chlorambucil; NR, not reached; O, obinutuzumab; PFS, progression-free survival.

As you can see, treatment with acalabrutinib showed dramatically improved progression-free survival vs obinutuzumab plus chlorambucil at 4 years follow up in both the overall and the unmutated IGHV patient populations.

http://www.clinicaloptions.com/

Acalabrutinib vs ibrutinib in previously treated chronic lymphocytic
leukemia in the ELEVATE-RR trial

= Randomized, open-label, phase lll noninferiority trial

Stratified by del(17p) (yes vs no), ECOG PS (0/1 vs 2),
number of prior therapies (1-3 vs > 4)

Adults with previously '
treated CLL requiring
treatment per iwCLL 2008;

|
|
|
|
v

Acalabrutinib 100 mg PO BID

presence of del(17p) or / (n = 268) . .
del(11q); no significantcv ~ 1:1 — Continued until PD or
: : : : unacceptable toxicity
disease; no prior tx with \ Ibrutinib 420 mg PO QD
BTK, PI3K, Syk, or BCL2 (= 265)
inhibitors; ECOG PS 0-2

(N =533)
Primary endpoint: noninferiority of IRC-assessed PFS (upper bound of 2-sided 95% ClI for HR <1.429)

Secondary endpoints: any-grade atrial fibrillation/flutter, grade >3 infection, Richter transformation,
OS

Byrd. ASCO 2021. Abstr 7500. Slide credit: clinicaloptions.com



Presenter Notes
簡報註解
BTK, Bruton tyrosine kinase; CLL, chronic lymphocytic leukemia; CV, cardiovascular; ECOG PS, Eastern Cooperative Oncology Group performance status; IRC, independent review committee; iwCLL, International Workshop on Chronic Lymphocytic Leukemia; OS, overall survival; PD, progressive disease; PFS, progression-free survival.

The ELEVATE-RR trial is the first head-to-head trial comparing the safety and efficacy of acalabrutinib vs ibrutinib in patients with previously treated CLL and del(17p) or del(11q). This randomized, open-label phased III noninferiority trial examined PFS as its primary endpoint with serious adverse events atrial fibrillation/flutter, grade 3 or greater infection, and Richter transformation, as well as overall survival.

http://www.clinicaloptions.com/

ELEVATE-RR: PFS Noninferiority met on PFS and OS

PFS (%)

HR (95% CI)

Events, Mo. (%] Median (35% Cl}

20

—

— Acalabrutinib 143 (53.4) 38.4 {33.0 to 3B.6) 1.00 (0.79 to 1.27)

s |hrutinib 136 {51.3) 38.4 {33.0 to 41.8)
| I I | 1 | I | 1 | I | | I | 1 I I |
0 3 6 9 12 15 18 21 24 27 30 33 36 39 42 45 48 51 B4 &7

Time (months)

Ma. at risk:

Acalabrutinib 268 250 235 227 219 207 200 193 173 183 148 10 B4 R 31 21 13 3 1 0
160 148 142 130 W08 81 &6 41 26 15 8 2 0

lbrutinib 265 240 221 205 186 178 168

0S (%)

Ma. at risk:

lbrutinib

100

80

60

20

Acalabrutinib

Events, Mo. (%)  Median {35% Cl} HR [85% C1)
Acalabrutinib B3 (23.5) MNE [ME to NE]) 0.82 (0.59 to 1.15)
Ibrutinib 73 (27.5) MNE (ME ta ME)
1 | | 1 I | | 1 | | 1 | 1 1 | 1 | | 1 |
0 3 6 9% 12 15 18 21 24 27 30 33 36 39 42 45 48 51 54 57 60
Time (months)
268 258 247 242 236 231 223 218 M0 207 2071 196 1B3 155 127 85 B 32 18 4 0

265 252 241 233 227 220 M2 206 203 184 191 186 173 143 121 BB 60 28 15 2 0

J Clin Oncol. 2021 Nov 1;39(31):3441-3452.




Detailed Safety Profile of Acalabrutinib vs Ibrutinib in Previously Treated Chronic

Lymphocytic Leukemia in the ELEVATE-RR trial

Secondary Safety Analysis

O O = Exposure-adjusted incidence rates in events per

100 person-months
ly Acalabrutinilb Ibrutinilb
Randomized PO 100 mg BID OR PO 420 mg QD » Subgroup analyses for ECls: age, number of prior lines
Patients LIk n = 266 treated n = 263 treated of therapy, prior history of event, AE management
Previously treated
CLL {NF= 533) = AE burden score: considers AE duration, recurrence,
and grade weighting of the AE in a single score
9 =) =) 9
Median time on study @ 40.9 months

Exposure-adjusted Incidence
= Diarrhea, arthralgia, UTI, back pain, muscle spasms, and dyspepsia incidence rates were 1.5- to 4.1-fold higher with ibrutinils
= Headache and cough incidence rates were 1.6- and 1.2-fold higher, respectively, with acalabrutinilks
= Afib/flutter, hypertension, and bleeding incidence rates were 1.6- to 2.8-fold higher with ibrutinib

Time to Treatment Discontinuation Due to AEs AE Burden Score Owerall and for ECls (Grade 1-4)
100 o - O =
TH i § 227 036
= : B S et — b i ten 5 8 S, . . 03%]
= o ‘i—H-—-——a-u_,,_H_'__M_._ﬂ . _ )
= N 2 3 .
= - = 3.846 026 028
= o s =4 025 o.2a
= | & '
= = 3 4 0.2 -
= Pa s
E 40 - =1§ .15
= E 2 J 015 o
= = Q.11 .
== 0.1 < 0,06
e 20 4 Median ($5% CI) HIR (9595 CI) 1 oo
= — Acalabrutinib MNE (54.4, ME) 0.62 (0,41, 0.93) 0.05 - 0.03
oS — (L tinik ME (MNE. ME)
o -
T T T T T T T T T T T T T T T T T T T T T a - o
[+] 3 5 ¥ 12 15 18 21 24 27 30 33 36 I 42 45 48 51 54 57 60 Creerall Cardiac Afib/flutter Hypertension Bleeding Infections
eweants
) Maonths owerall e .
Mo, an risk: Events of clinical interest
Acalabrutinib 288 251 240 233 230 222 208 202 194 189 174 172150 123 94 &5 39 21 9 1 u | g . L :
Ihrutinib 245 245 229 215 201 191 183 175 1465 155 14% 141 129 104 82 &0 41 12 9 1 o m Acalabrutinib (N = 266]) | Torutinik (no= 2&63)
AE, adverse event; Afib/flutter, atrial fibrillation/atrial Alutter; BID, twice daily; Cl, confidence imterval; CLL, “Two-sided Povalue < .05 without multiplicity adjustment based on Wilcoxon rank-sum test.
chronic hmphocytic leukemia: ECI, event of dinical interest; HR, hazard ratio; ME, not estimable; PO, oralby; Povalue compacas difference in overall distribution rather than mean scone.

CHD, cnce daily: UTL urinary tract infection.

Conclusions:
1) Event-based analyses and AE burden scores demonstrated higher AE burden both overall and
specifically for afib/flutter, hypertension, and hemorrhage with ibrutinib wvs acalabrutinib

2) AE for which both event-based outcomes and AE burden scores were higher with acalabrutinib was
limited to headache

Blood
Wisual

Seyvmour et al. DOI: 10.1182/blood. 2022018818 Abstract




Zanubrutinib indication (B&# M ( BeiGene )

Adult with CLL or SLL

R/R Follicular lymphoma (in combination with
obinutuzumab) =2 lines of systemic therapy.

Adult with R/R Mantle cell lymphoma treated with
> 1 prior tx

Adult with R/R MZL treated with > 1 Anti-CD20
base Tx

Adult with Waldenstrom macroglobulinemia




Zanubrutinib or lbrutinib in
Relapsed/Refractory Chronic
Lymphocytic Leukemia (CLL)

Design: phase 3, open-label,
randomized, controlled trial
compared the efficacy and safety of
zanubrutinib vs ibrutinib in patients
with R/R CLL or SLL.

Pts : 652 adults with R/R at least
one previous line of therapy

Drugs : zanubrutinib (160 mg twice
daily) or ibrutinib (420 mg once daily)
until the occurrence of disease
progression or unacceptable toxic
effects.

Engl J Med 2023;388:319-332

Percentage of Patients

Progression-free Survival, Intention-to-Treat Population
100

90

20

70 Zanubrutinib

60

65.9
50
Disease Progression
40 or Death |
30 no. (%)
Zanubrutinib 87 (26.6)
20 Ibrutinib 118 (36.3) —
- HR for disease progression or Ibrutinib
death, 0.65 (95% Cl, 0.49-0.86); P=0.002
0
0 3 6 9 12 15 18 21 24 27 30 33 36 39 42 45
Months since Randomization
Cumulative Incidence of Cardiac Disorders

@ 100 -
.E ' |brutinib
= 40
o
“ 30

8

20 T

E Zanubrutinib

g 10

T
o

0 T T T T 1 |
0 3 6 9 12 15 18 21 24 27 30 33 36 39 42 45 48

Months since Randomization




ROSEWOOD: A Phase Il Randomized Study
Zanubrutinib Plus Obinutuzumab Vs Obinutuzumab in Patients With

R/R Follicular Lymphoma

= Patients with R/R FL who had received >2 lines of therapy, including an anti-CD20
antibody and an alkylating agent.

= Pt (ZO, 145; O, 72), 2:1 to receive ZO or obinutuzumab (O).
= Results
— Median study follow-up : 20.2 months.
— ORR : 69% (ZO) vs 46% (O; P =.001), 18 months DOR : 69% (ZO) vs 42%
— CR: 39% (ZO) Vs 19% (O)
— Median PFS : 28.0 months (ZO) vs 10.4 months (O; hazard ratio, 0.50 ; P <.001).

= ADR: thrombocytopenia, neutropenia, diarrhea, and fatigue; incidences of atrial
fibrillation and major hemorrhage were 3% and 1%, respectively.

Clin Oncol . 2023 Nov 20;41(33):5107-5117.




Response/Patients (%)

Subgroup 0 20
All patients in ITT 33/72 (46) 100/145 (69)
Age, years

<65 14/32 (44) 58/83 (70)

=65 19/40 {48) 42/62 (68)

<75 30/60 (50) 89/130 (68)

275 3/12 (25) 11/15 (73)
Sex

Male 14/33 (42) 53/75 (71)

Female 19/39 (49) 47/70 (67)
Geographic region

China 5/12 (42) 15/21 (71)

Ex-China 28/60 (47) 85/124 (69)
Previous lines of therapy

2-3 27/54 (50) 77/108 (71}

>3 6/18 (33) 23/37 (62)
Baseline ECOG PS

0 17/31 (55) 64/86 (74)

=1 16/41 (39) 36/59 (61)
Bulky disease: any target lesion longest diameter =56 cm

Yes 15/31 (48) 31/57 (54)

No 18/41 (44) 69/88 (78)
Bulky disease: any target lesion longest diameter =7 cm

Yes 3/12 (25) 11/23 (48)

No 30/60 (50) 89/122 (73)
Bulky disease: any target lesion longest diameter =210 cm

Yes 0/6 (0) 1/6 (20)

No 33/66 (50) 99/140 (71}

Risk Difference,

% (95% Cl)
23 (9 to 37)

26 (6 to 46)
20 (1 to 40)
18 (4 to 33)
48 (15 to 82)

28 (9 to 48)
18 (-1 to 38)

30 (-4 to 64)
22 (7 to 37)

21 (6 to 37)
29 (2 to 56)

20 (0 to 39)
22 (3 to 41)

6 (-16 to 28)
35 (17 to 52)

23 (-9 to 55)
23 (B to 38)

20 (-15 to 55)

21 (7 to 35)

Clin Oncol . 2023 Nov
20;41(33):5107-5117.




FLIFI risk category

Low (0-1) 3/9 {33) 21/29 {72}
Intermediate (2) 13/24 (54) 26/34 (76) @
High (=3) 17/37 (46) 49/77 (64)
Rituximab-refractory status
Refractory 14/36 (39) 47/78 (60) @
Not refractory 19/36 (53) 53/67 (79) i
Refractory status to the most recent line of therapy
Refractory 11/29 (38) 29/47 (62) L
MNot refractory 21/42 {50) 66/93 {71} L
Progression of disease within 24 months of starting the first line of therapy
Yes 14/30 (47) 30/50 (60) i
No 15/35 (43) 55/74 {74)
Progression of disease within 24 months of starting the first line of chemoimmunotherapy
Yes 9/22 (41) 25/39 (64) @
No 14/31 (45) 40/59 (68) @
Progression of disease within 6 months of completion of the most recent line of therapy
Yes 12/39 (31) 42/71 {59} ®
No 19/30 (63) 53/67 (79)
Progression of disease within 12 months of completion of the most recent line of therapy
Yes 17/52 (33) 59/95 {62) i
No 14/17 (82) 36/43 (84)
1 1 I I | 1 ]
-/o -50 -25 0 25 50 /5
Clin Oncol . 2023 Nov 20;41(33):5107-5117. Percent

39 (4 to 74)
22 (-2 to 47)
18 (-2 to 37)

21 (2 to 41)
26 (7 to 45)

24 (1 to 46)
21 (3 to 39)

13 (-9 to 36)
32(12to B1)

23 (-2 to 49)
23 (1 to 44)

28 (10 to 47)
16 (-4 to 36}

29 (13 to 46)
1(-20 to 23)




Zanubrutinib in relapsed/refractory mantle cell lymphoma: long-term
efficacy and safety results from a phase 2 study (FDA approved in 2019 )

Patients with MCL and = 1 prior lines

of tx; ECOG -F'S 0-2; tm r_mjtable CVD; Zanubrutinib 160 mg PO BID Up to 3 yrs m: a-mtn" PD,
no prior BTK inhibitors unacceptable toxicity, or death

(N = 86)

Phase 2
X )
A

86

Patients with R/R
MCL

Median follow-up
35.3 months

<o

ORR 84%
58% 48%
CR 78%

Not reached
(95% ClI: 24.9 months to NE)

Zanubrutinib was well tolerated Blood (2022)

* Few discontinuations (9.3%) due to AEs e No atrial fibrillation/flutter 139 (21): 3148-
e Majority of AEs: low-grade severity * No second primary malignancies 3158.

AEs adverse events; CR complete response; DOR duration of response; MCL mantle cell lymphoma; NE not estimable; ORR overall

response rate; OS overall survival; PFS progression-free survival; R/R relapsed/refractory.




Safety and efficacy of zanubrutinib in relapsed/refractory
marginal zone lymphoma: final analysis of the MAGNOLIA study

Zanubrutinib demonstrated durable disease control in patients with relapsed/refractory marginal zone lymphoma

2-Year Rates i
MZL subtype Response b @
Response Duration PFS oS - o -
Nodal ORR 76%
=29 |
2000 IR HRQOL
_ ORR 67% Pati_ents
Splenic Not experienced
(h=12) E ORR 58% estimable sustained
improvements
from baseline in
HRQOL with
MALT ORR 64% greatest benefits

at 18 to 24 months

High-risk patients
% * Stage llI/IV disease: 87%

Zanubrutinib had a favorable safety profile
* Most common grade =3 TEAE: neutropenia/neutrophil count decreased (12%)
« Cardiac TEAEs (any grade) uncommon: atrial fibrillation/flutter (3%), hypertension (4%)

» Grade >3 bleeding: 1 patient

* No new Safety Signa|s observed Clin Cancer Res Blood Adv (2023) 7 (22)
.2021 Dec 1;27(23):6323-6332 6801-6811.

* Bulky (>56 cm) disease: 37%
» Age =75 years: 28%




Zanubrutinib in Waldenstrom Macroglobulinemia

. Best Overall Responses
FDA approved in 2019 for the o e By Investigator
Y ,
treatment of relapsed/refractory SVGPR rate difference P = .09 ASPEN 2VGPR rate difference P = .04
: 100 - 100 4
MCL after at least 1 prior therapy?
80 - W VGPR 80 - B VGPR
PR B PR
— Approval based on the results % 60 B MR % 60 B MR
of an open-label, single-arm S 404 W sD 2 404 W SD
phase Il trial showing high and R W PD T W PD
durable ORR and CR rates .. o
with good tolera bility2 Ibrutinib Zanubrutinib Ibrutinib Zanubrutinib
(n=99) (n=102) (n=99) (n=102)
Zanubrutinib noninferior to e Corocer _ Time-to-event analysis of atrial fibrillation/flutter events
ibrutinib in Waldenstréom e e e e 1004 — Zanubrutinib — lbrutinib + Censored
macroglobulinemia in phase Il o) [ (i), jf; 80 - _
ASPEN study3 Atrial fibrillation/flutter* 15(15.3)  2(2.0) e *IHazardkrj;'f fgggésﬂsl- 0.14 (0.04-0.43);
y Diarrhea (PT) 31(31.6)  21(208) s 601 PREIR TS
. Hemorrhage 58 (59.2) 49 (48.5) o 40 A
— Trend toward |mprove.d. Major hemorthage 9 (9.2) 6(59) £ e
responses and- Igss toxicity Hypertension 17(17.3)  11(10.9) g . Pl -
with zanubrutinib Neutropenia* 13(13.3)  30(29.7) © 0 -
Infection 66 (67.3) 67 (66.3) e am aE o A1 A o Am A

0 3 6 9 12 15 18 21 24 27 30 33
*Descriptive 2-sided P < .05 Manths

1. Ibrutinib PI. 2. Song. Clin Canc Res. 2020;26:4216. 3. Tam. Blood. 2020;136:2038.



Presenter Notes
簡報註解
CR, complete response; MCL, mantle cell lymphoma; ORR, overall response rate.

Looking at zanubrutinib in hematologic malignancies, this 2nd-generation BTK inhibitor has been a very effective treatment as well. The FDA approved it in 2019 for the treatment of relapsed/refractory mantle cell lymphoma after one prior therapy and the approval was based on results of an open label, single arm phase II study which showed high and durable overall response rates and CR rates.  
Zanubrutinib was also noninferior to ibrutinib in Waldenström's macroglobulinemia in the phase III ASPEN study.  A trend toward improved responses and less toxicity was seen in zanubrutinib.





Pirtobrutinib (Jaypirca, Eli Lilly and Company) : 200mg qd

Trial Compar Overall Adverse : C;l:l‘c
Pts (N) Indication ative ORR PFS .
Name Protocol Survival Events Journ
al
MCL (120 pts) MCL: fatigue,
3 prior lines of Relapsed or MCL: 50% Median MC'—_5 musculoskeletal Clin
therapy, with  refractory ORR: PFS of _7-6 Median OS pain, diarrhea, gzg_"er
BRUIN 93% having2 Mantle Cell CR:13%  months;  of 18 edema., 2024 Jan
or more prior  Lymphoma . DOR:8.3  months; 4 o hea vl
lines. (MCL) Single- months y |
arm pneumonia
study;
Pirtobruti
nib Fatigue (20%),
Chronic monother CLL/SLL: diarrhea (17%),
BRUIN Lymphocytic g : : i NEJM:
1/2 CLL/SLL (317  (CLL)/Small 72% ORR  PFS of ot neutropenia
pts) 32}2222’20 :ngégths reached (10%)

Among these 247 patients, the meci'(gmp_l)lber of previous lines of therapy was 3 (range, 1 to 11), and 100 patients (40.5%) had also received a B-cell lymphoma 2
(BCL2) inhibitor such as venetoclax:




Benefit-risk assessment of pirtobrutinib for relapsed or refractory mantle cell ymphoma after a prior BTK
inhibitor

Analysis of <+ MCL is generally incurable and relapse . * There are limited effective treatment
Condition < Remission duration is generally longest after frontline options in patients whose MCL relapses
therapy and successively shortens with subsequent following a BTK inhibitor.

lines.

Efficacy * pirtobrutinib (120 pts with R/R MCL with prior BTK » Based on an evaluation of response rate
inhibitor treatment in BRUIN, a single-arm trial of and durability, pirtobrutinio demonstrates an
pirtobrutinib monotherapy. advantage over available therapies for

* ORR 50% and CR 13% according to Lugano criteria. patients with R/R MCL with prior BTK
» Median DOR : 8.3 months, supporting the potential  inhibitor exposure.
for durable responses.

Risk and Risk - In 583 pts in the BRUIN trial, the most common ARs (  * The risks are acceptable in patients with
Management =20%) : neutropenia, anemia, thrombocytopenia, fatigue, R/R MCL with an indication for treatment.

musculoskeletal pain, lymphopenia, bruising, and « Warnings and Precautions : infections,
diarrhea. hemorrhage, cytopenias, atrial fibrillation or
* Pirtobrutinib include serious and opportunistic infections, flutter, and SPMs.(second primary
Clin Cancer bleeding, grade 3—4 cytopenias, SPMs, and atrial malignancy)
Res. 2024 Jan fibrillation or flutter. *The tolerability of pirtobrutinib in patients

5;30(1):17-22. + Duration of exposure was limited (3.8 months in the MCL with previous intolerance to a BTK inhibitor
safety population). is not well defined.



Adverse Events Associated With BTK Inhibitors in CLL

BTK Inhibitor (as Monotherapy or in Combination)

Patients With Any Grade AEs, % Ibrutinib Acalabrutinib Zanubrutinib
(in CLL clinical trials) | (in CLL clinical trials) | (in MCL clinical trials)*

Atrial fibrillation or flutter 5-7 3.6-5 2
Hemorrhage 19-31 16-20 1
Diarrhea 34-59 18-39 23
Arthralgias 16-41 8-22

Musculoskeletal pain* 25-61 15-37 L
Hypertension 11-42 3.2-5 12
Rash 21-49 18-25 36
Headache 12-40 9-26 4.2
Infection (grade > 3) 112 14-22 0-10

*Includes myalgias.
tZanubrutinib is not currently FDA-approved for the treatment of CLL, and data from zanubrutinib in CLL clinical trials is not published.

a. Imbruvica (ibrutinib) [PI]. 2020; b. Calquence (acalabrutinib) [PI]. 2019; c. Brukinsa (zanubrutinib) [P1]. 2019.



Adverse Events of Available BTK Inhibitors: Cytopenias,
Infection, Bruising and Hemorrhage, Lymphocytosis

Cytopenias (Grade 3/4) Cytopenias (Grade 3/4) Cytopenias (Grade 3/4)
= Neutropenia 13% to 29% = Neutropenia 10% to 23% = Neutropenia 26%
= Thrombocytopenia 5% to 17% = Thrombocytopenia 5% to 8% = Thrombocytopenia 11%
= Anemia 0% to 13% " Anemia 5% to 11% = Anemia 8%
Infection (Grade 3-5) Infection (Grade 3-5) Infection (Grade 3-5)
= 14% to 29% of patients = 11% to 18% of patients = 27% of patients
Bruising and Hemorrhage Bruising and Hemorrhage Bruising and Hemorrhage
= Bleeding consistent with = Qverall, bleeding events including = Any-grade hemorrhage: 35%
“hemostatic failure” with bruising bruising and petechiae of any grade = Grade =3 hemorrhage: 3.4%
and subcutaneous bleeding with occurred in approximately 30% of
minor trauma in up to 50% patients
= Grade 23 hemorrhage: up to 6% = Grade 23 hemorrhage: up to 3%
Lymphocytosis Lymphocytosis Lymphocytosis
= Up to 77% of patients = 26% of patients = 41% of patients

Ibrutinib PI. Acalabrutinib PIl. Zanubrutinib PI. Slide credit: clinicaloptions.com



http://www.clinicaloptions.com/

Adverse Events of Available BTK Inhibitors:
Gl, Musculoskeletal, and Other Common AEs

Gastrointestinal

= Diarrhea 34% to 63% (up to 5%
grade >3)
* Nausea 21% to 31% (2% grade >3)

Musculoskeletal

= |ncludes pain, arthralgias, myalgias
= 21% to 37% of patients (up to 6%
grade >3)

Other Common AEs

= Rash 22% to 27% (up to 3% grade
>3)

= Fatigue 21% to 41% (up to 5% grade
>3)

» Headache 13% to 19% (up to 2%
grade >3)

Ibrutinib PI. Acalabrutinib PI. Zanubrutinib PI.

Gastrointestinal

= Diarrhea 18% to 35% (up to 1.3%
grade >3)
= Nausea 22% (0% grade >3)

Musculoskeletal

® |ncludes pain, arthralgias, myalgias
= 16% to 23% of patients (1.1% grade
>3)

Other Common AEs

= Rash 25% (<1% grade 3)

= Fatigue 15% to 23% (up to 1.9%
grade >3)

» Headache 22% to 39% (up to 1.1%
grade >3)

Gastrointestinal

= Diarrhea 22% to 23% (0.8% to 3%

grade 3)
* Nausea 13% to 18% (0% grade >3)

Musculoskeletal

® Includes pain, arthralgias, myalgias
= 14% to 45% of patients (1.1% to 9%
grade >3)

Other Common AEs

= Rash 21% to 36% (0% grade >3)

= Fatigue 21% to 31% (1% to 2.3%
grade >3)

= Headache 4.2% to 18% (1% grade
>3)

Slide credit: clinicaloptions.com



Presenter Notes
簡報註解
AE, adverse event; GI, gastrointestinal; NR, not reported.

http://www.clinicaloptions.com/

Adverse Events of Available BTK Inhibitors:
Hypertension, Atrial Fibrillation, and Cardiac Arrhythmias

= Hypertension up to 19% = Hypertension up to 5% = Hypertension 12% to 14%
" Incidence of atrial = Incidence of atrial = Atrial fibrillation and atrial
fibrillation: fibrillation: flutter have occurred in 2.8%
* MCL: 11% ® MCL: 0% (8% other cardiac (grade 23: 0.8%)
® CLL: 5% (8% all cardiac dysfunction)
dysfunction) ®CLL: 3%
® \WM: 2% (7% all cardiac ® \WM: 5%

dysfunction)

Ibrutinib PI. Acalabrutinib PIl. Zanubrutinib PI. Slide credit: clinicaloptions.com



Presenter Notes
簡報註解
CLL, chronic lymphocytic leukemia; MCL, mantle cell lymphoma; WM, Waldenström macroglobulinemia.

http://www.clinicaloptions.com/

.

BTK Inhibitor AE Management:

Bleeding and Infections

= Hemorrhage/Bleeding

— Increased risk of bleeding on concomitant

anticoagulant or antiplatelet therapy

— Manage low-grade bleeding with
supportive care

— Manage significant bleeding by holding

BTK inhibitor, consider platelet
transfusion

— Consider risks and benefits of withholding

for 3-7 days before and after surgery

— Requires initial and ongoing patient
education

Infections

Cases of progressive multifocal
leukoencephalopathy, P jirovecii
pneumonia, herpes simplex virus,
hepatitis B reactivation have occurred

Immunocompromise or long-term
corticosteroid use increases risk;
consider prophylaxis

Monitor and evaluate patients for fever
and infections; treat appropriately

No standard guidelines/
recommendations for antimicrobial
prophylaxis

Ibrutinib PI. Acalabrutinib Pl. Zanubrutinib Pl. Moore. J Adv Pract Oncol. 2021;12:439. Stephens. Blood. 2019;133:1298.
Rogers. J Adv Pract Oncol. 2017;8:97. National Comprehensive Cancer Network. Clinical practice guidelines in oncology: E

chronic lymphocytic leukemia/small lymphocytic lymphoma. v.4.2021. nccn.org. Accessed August 4, 2021.

Slide credit: clinicaloptions.com



Presenter Notes
簡報註解
AE, adverse event.

http://www.clinicaloptions.com/

B
BTK Inhibitor AE Management: Lymphocytosis,

Headache, Rash, and Second Primary Malignancies

= Lymphocytosis = Rash
— Presents in initial few weeks of therapy, — May be asymptomatic petechial, or palpable,
typically resolves within 2 mo eruptive pruritic rash with pustules
= Headache — Eruptive rash management: topical

antihistamines, corticosteroids
— Typically low grade, observed early in therapy,

and resolves over 1-2 mo — Severe cases may require oral antihistamines
or corticosteroids, plus dose interruption or
— Generally well managed with analgesics (eg, reduction

acetaminophen, caffeine supplements)

=  Second primary malignancies
— More frequent with acalabrutinib

— Most common: skin cancer
— Avoid NSAIDs due to increased risk of bleeding

— Advise protection from sun exposure, and
encourage regular cancer screening

Ibrutinib PI. Acalabrutinib Pl. Zanubrutinib Pl. Moore. J Adv Pract Oncol. 2021;12:439. Stephens. Blood. 2019;133:1298.
Rogers. J Adv Pract Oncol. 2017;8:97. National Comprehensive Cancer Network. Clinical practice guidelines in oncology: E
chronic lymphocytic leukemia/small lymphocytic lymphoma. v.4.2021. nccn.org. Accessed August 4, 2021. Slide credit: clinicaloptions.com



Presenter Notes
簡報註解
AE, adverse event; NSAIDs, nonsteroidal anti-inflammatory drugs.

http://www.clinicaloptions.com/

Risk Factors for Developing Atrial Fibrillation

= Hypertension = COPD
= Heart failure = Hyperthyroidism

= Diabetes mellitus = Obstructive sleep

apnea
= Age P

, = Chronic kidney disease
= QObesity

=  Acute infections
= Excess alcohol

consumption

= Valvular heart disease,
murmur

Stuhlinger. Wien Klin Wochenschr. 2019;132:97. Wiczer. Blood Adv. 2017;1:1739.
www.framinghamheartstudy.org/fhs-risk-functions/atrial-fibrillation-10-year-risk/

Careful history and
assessment—numerous risk
score calculators

Optimize modifiable factors
Reassess on regular basis

Educate patient and caregivers

Slide credit: clinicaloptions.com



Presenter Notes
簡報註解
COPD, chronic obstructive pulmonary disease.

http://www.clinicaloptions.com/

.

BTK Inhibitors: Cardiovascular Adverse Event
Management

= Atrial fibrillation/flutter

Regularly monitor for cardiac arrythmias;
ECG if symptoms develop (eg, palpitations,
lightheadedness, syncope, chest pain) or
new-onset dyspnea

Cardiology comanagement recommended

Not an absolute indication to discontinue
BTK inhibitors

Use anticoagulation with caution

Manage cardiac arrythmias as appropriate

For persistent atrial fibrillation, consider dose

modification

= Hypertension

Ibrutinib PIl. Acalabrutinib Pl. Zanubrutinib PI. Rogers. J Adv Pract Oncol. 2017;8:97. National Comprehensive

Cancer Network clinical practice guidelines: CLL/SLL (v4.2021). Dickerson. Blood. 2019;134:1919.

Document baseline blood pressure

Monitor for new/
uncontrolled hypertension

Initiate hypertensives as needed

New or worsening hypertension
increases risk of major cardiovascular
events



Presenter Notes
簡報註解
In managing BTK inhibitor cardiac events, with atrial fibrillation and aflutter, again, educate your patients on what to watch for, and treat any symptoms with standard of care therapy. We recommend that cardiology be consulted, and use anticoagulation with caution. One point is that you don’t have to stop the BTK inhibitor or abandon the class because of atrial fibrillation/aflutter; even for persistent atrial fibrillation/flutter you can consider dose modification or switching inhibitors. With hypertension, again, treat per standard of care.


.

BTK Inhibitors: Musculoskeletal Adverse Event Management

= Arthralgias/Myalgias = Other Musculoskeletal AEs
— Usually occur early in treatment — Musculoskeletal pain
course

— Muscle spasms
— Consider acetaminophen or short

course of prednisone — Treat like arthralgias and myalgias

— Anti-inflammatory agents (eg,
ibuprofen) should be avoided to
minimize bleeding

— Transition to selective BTK inhibitor
can diminish or resolve arthralgias and
myalgias

Ibrutinib PI. Acalabrutinib PI. Zanubrutinib PI. Rogers. J Adv Pract Oncol. 2017;8:97. E
National Comprehensive Cancer Network clinical practice guidelines: CLL/SLL (v4.2021). Slide credit: clinicaloptions.com



Presenter Notes
簡報註解
AE, adverse event.

Earlier I showed a slide of why patients discontinue ibrutinib, and the leading cause was arthralgias and myalgias, so this is really a big deal for patients. But this is a side effect that usually occurs early in treatment, so if you can treat it early and well, many times you can work patients through it. You can consider acetaminophen or a short course of steroids; anti-inflammatories should be avoided. Or you can switch from ibrutinib to the more selective acalabrutinib. Each of these drugs reports the musculoskeletal adverse events differently, but if your patients have musculoskeletal pain or muscle spasms, that can be improved by switching agents if they don’t respond to reasonable supportive care.

http://www.clinicaloptions.com/

Drug-Drug Interactions of BTK Inhibitors

Dose Modification Recommendations

_ Ibrutiniblal Acalabrutinib®! | Zanubrutiniblcl

Moderate CYP3A4 inhibitor 280 mg daily 100 mg daily il ”;giitw'ce

y CYP3A4 inducers (eg,
Voriconazole 200 mg twice daily rifampin) and inhibitors
Posaconazole suspension 100 mg 140 mg daily - 80 mg daily (eg, itraconazole)

once daily, 100 mg twice daily, or

200 mg twice daily Medications

Posaconazole suspension 200

mg TID or 400 mg twice daily « Herbal supplements
Posaconazole IV 300 mg once

: 70 mg dail — 80 mg dail
daily HESE FE= » Foods
Posaconazole delayed-release
tablets 300 mg once daily P-gp substrates
Other strong CYP3A4 inhibitors Avoid use; if short-term (< 7 days) interrupt treatment

PPIls, H2-receptor

Avoid use; if antagonists, and antacids

Strong CYP3A4 inducers Avoid use unable 200 mg Avoid use
twice daily

a. Imbruvica® (ibrutinib) [PI]. 2020; b. Calquence® (acalabrutinib) [PI]. 2019; c. Brukinsa™ (zanubrutinib) [P1]. 2019.



Concurrent Medications With Overlapping Toxicities

May Increase Likelihood of Complications and Impact Ability to Stay on BTK Inhibitor Therapy

+ DOACs

Anticoagulantsl<] «  LMWH
« Warfarin {contraindicated in patients with blood dyscrasias}

« Aspirin
«  P2Y12 receptor blockers

* NSAIDs
*+ SSRIs

* Verapamil

. — . * Diltiazem
[a<]
Atrial fibrillation - Amiodarone

* Digoxin

Antiplateletsla-<]

Infectiont@-<l » Azole antifungals

* NSAIDs
« Aspirin-containing products

+ PPIs
Gl toxicityta-cl » H2RAs

+ Antacids

« Vitamin B!
OTC products and supplements +  Fish oil@

* Flaxseed oil

a. Imbruvica® (ibrutinib) [PI]. 2020; b. Calquence® (acalabrutinib) [PI]. 2019; c. Brukinsa™ (zanubrutinib) [PI]. 2019;
d. Lipsky A, et al. Hematology Am Soc Hematol Educ Program. 2020;2020:336-345.

Arthralgia, myalgia, headachel®<]



Recommendations to Reduce Drug—Food Interactions
With BTK Inhibitors

BTK Inhibitor How Supplied Recommended Dosage and Administration

Acalabrutinib 100-mg capsules = 100 mg orally twice daily
= Can be taken with or without food
= Advise patients to swallow capsules whole with water

Ibrutinib Capsules: = Advise patients to swallow capsules whole with water
70 mg, 140 mg = Do not cut, crush, or chew the tablets
= The administration of ibrutinib with a high-fat and high-calorie meal

Tablets: 140 mg, increased ibrutinib C__, by 2- to 4-fold and AUC by approximately
280 mg, 420 mg 2-fold, compared with administration of ibrutinib after overnight fasting
Zanubrutinib 80-mg capsules = 160 mg twice daily or 320 mg once daily

= Can be taken with or without food
= Advise patients to swallow capsules whole with water

Acalabrutinib PI. lbrutinib Pl. Zanubrutinib PI. Slide credit: clinicaloptions.com



Presenter Notes
簡報註解
AUC, area under the curve; Cmax, maximum serum concentration.

http://www.clinicaloptions.com/

BTK Inhibitor Drug—Drug Interactions

Dosing Recommendation by

Inhibitors/Inducers

Ibrutinib

Acalabrutinib

Zanubrutinib

Strong CYP3A inhibitor

Moderate CYP3A inhibitor

Strong CYP3A inducer

Gastric acid—reducing agents

Ibrutinib PI. Acalabrutinib PI. Zanubrutinib PI.

Avoid concomitant use

Dose modification is
recommended

If strong inhibitor intended
for short-term use (eg, up to
7 days as anti-infectives), hold
ibrutinib

280 mg once daily

Avoid concomitant use

N/A

Avoid concomitant use

Dose modification is
recommended

If strong inhibitor intended
for short-term use (eg, up to
7 days as anti-infectives), hold
acalabrutinib

100 mg once daily

Avoid concomitant use

If inducers can not be avoided,
increase acalabrutinib dose to
200 mg every 12 hr

Avoid coadministration with
proton pump inhibitors

Take acalabrutinib 2 hr before
an H2 receptor antagonist
Separate dosing by at least

2 hr before and after antacids

80 mg once daily
Interrupt dose as
recommended for adverse
reactions

80 mg twice daily
Modify dose as recommended
for adverse reactions

Avoid concomitant use

N/A

Slide credit: clinicaloptions.com



Presenter Notes
簡報註解
N/A, not applicable.

http://www.clinicaloptions.com/

Conclusions
= BTK inhibitors have shown potent efficacy for treatment of CLL, MCL, MZL, and WM
— lbrutinib (first-generation BTK inhibitor) indicated in CLL, MCL, MZL, and WM
— Acalabrutinib (second-generation BTK inhibitor) indicated in MCL and CLL
— Zanubrutinib (third-generation BTK inhibitor) indicated in CLL, MCL, MZL, FL and WM
— Pirtobrutinib (Non-covalent BTK inhibitors) : CLL, MCL

= BTK inhibitors are generally well tolerated but can be associated with treatment-related
AEs such as diarrhea, bleeding, rash, and atrial fibrillation

= Open-ended treatment requires ongoing diligent management of AEs to ensure best
outcomes

= Selecting optimal BTK inhibitor therapy for patients with CLL, MCL, MZL, and WM
should be based on efficacy, safety profiles as well as patient preferences and
comorbidities



Presenter Notes
簡報註解
AE, adverse event; CLL, chronic lymphocytic leukemia; MCL, mantle cell lymphoma; MZL, marginal zone lymphoma; WM, Waldenström macroglobulinemia.
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