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Abstract: Mantle cell lymphoma (MCL) is an incurable intermediate-grade lymphoma
representing 5-6% of non-Hodgkin’s lymphomas diagnosed in the United States. The
introduction of inhibitors of Bruton’s tyrosine kinase (BTK) into targeted therapy for MCL
has significantly improved outcomes in patients with relapsed/refractory (R/R) disease. Since
the initial approval of the first-generation inhibitor, ibrutinib, several second-generation
inhibitors have been explored. Acalabrutinib, a second-generation BTK inhibitor, has demon-
strated impressive efficacy in clinical trials along with a safety profile that thus far appears
improved compared to ibrutinib. The results of a Phase II trial in patients with R/R MCL led
to the approval of acalabrutinib in this patient population while fueling further exploration of
acalabrutinib in several ongoing clinical trials.
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Introduction

Mantle cell lymphoma (MCL) is an incurable intermediate-grade lymphoma repre-
senting 5-6% of non-Hodgkin’s lymphomas (NHLs) diagnosed in the United
States. MCL has a variable presentation and clinical course, with a median overall
survival (OS) of approximately 5 years and a median age at diagnosis of 65."* The
disease is characterized by lymphocytes that are immunophenotypically similar to
the lymphocytes in the mantle cells of normal germinal follicles: sIg M+, sIgD+
with CD5+ CD20+ CD10+ and CD43+. A hallmark of MCL is the presence of t
(11;14), a reciprocal chromosomal translocation t(11;14)(q13;32) that involves
CCNDI1, PRADI, and bcll, resulting in overexpression of CCND1 which encodes
cyclin D1.%* The detection of this translocation or overexpression of the cyclin D1
protein is specific to MCL compared with other B cell lymphomas and is detectable
in approximately 90% of all diagnosed cases. Other genetic abnormalities occur in
MCL with lower frequency; alternations in p53 are more common in the pleo-
morphic and blastoid variants.”

Treatment for this B cell lymphoma has evolved over the last several decades
with treatment of newly diagnosed patients dichotomized based on age and/or
performance status (PS).” "2

For most patients under 65 and those who are considered fit, meeting criteria for
treatment, the following approach is frequently used: chemotherapy with rituximab
plus a cytarabine-based regimen followed by consolidation with autologous stem
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cell transplant (ASCT) followed by maintenance rituxi-
mab. One of the more commonly utilized approaches
based on the Phase II MCL-2 trial which evaluated induc-
tion chemotherapy with the rituximab, cyclophosphamide,
vincristine, doxorubicin, prednisone alternating with ritux-
imab and high-dose cytarabine (The Nordic Regimen) and
reported 6-year progression-free survival (PFS) was 66%
and 6-year overall survival (OS) was 70% with a median
PFS of 8.5 years and OS of 12.7 years."”>** Additional
Phase II studies utilizing rituximab, bendamustine, and
cytarabine followed by ASCT at Dana-Farber Cancer
Institute reported a 96% complete response (CR) and
96% PFS at a median follow-up of 13 months.> A
Phase III trial evaluated rituximab maintenance therapy
vs observation after ASCT. All patients received R-
DHAP induction (rituximab, dexamethasone, cytarabine,
cisplatin) followed by ASCT; those randomized to ritux-
imab maintenance every 8 weeks for 3 years with median
follow-up of 50.2 months demonstrated a 4-year event-free
survival (EFS) of 79% vs 62%, p=0.001, with PFS of 83%
vs 64%, p<0.001, and OS of 89% vs 80%, p=0.04.%¢
Overall, the utilization of rituximab as maintenance ther-
apy has demonstrated a survival benefit and should be
utilized after most induction regimens.

Many patients diagnosed with MCL are not candidates
for transplant due to advanced age and comorbidities in this
age group. Despite response rates of 50—-70% with chemoim-
munotherapeutic regimens, the median time to treatment
failure in this patient group is 18 months with a median
survival time of approximately 3 years. In older patients
and those not fit enough for transplant, chemoimmunother-
apy utilizing bendamustine and rituximab should be consid-
ered the standard approach; this is based on two pivotal trials
that demonstrated the superiority of BR over R-CHOP in this
patient population. The role of maintenance rituximab after
BR is controversial as the only trial to evaluate this modality
did not demonstrate any benefit, but this result has been
criticized based on the trial’s statistical design.”” The LYM-
3002 Phase III trial evaluated whether replacing vincristine
with the proteasome inhibitor bortezomib (VR-CAP) in
newly diagnosed patients could improve outcomes. This
randomized trial demonstrated that after a median follow-
up 40 months VR-CAP increased PFS to 24.7 months vs 14.4
months (p<0.001) with OS at 4 years at 64% vs 54%.
Attempts to limit toxicity by utilizing noncytotoxic
approaches include a multicenter Phase II trial evaluating
lenalidomide + rituximab induction followed by RL main-
tenance. The 2-year PFS was 85% and OS was 97%.

Responses were durable at 4 years with a PFS of 70% and
OS of 83%, and 36% patients of were in remission beyond 5
years.” '>*® ECOG E1411 is on ongoing Phase II trial inves-
tigating four first-line approaches to treatment in patients
with MCL. Patients are randomized to BR + bortezomib. A
second randomization after induction evaluates the benefit of
lenalidomide to rituximab maintenance. In spite of the abun-
dant clinical trial data and introduction of multiple new
agents into clinical practice, OS, while improved compared
to published data from the last several decades, remains poor.
MCL remains an incurable disease, and all patients with
MCL will relapse and require salvage therapy with poor
response to therapy. Prior to the introduction of Bruton’s
tyrosine kinase inhibitors (BTKi), responses to salvage ther-
apy were limited.

Development Of Bruton’s Tyrosine

Kinase Inhibitors
BTK is a kinase exclusively expressed in B cells and
myeloid cells. BTK is of the TEC family of nonreceptor
cytoplasmic tyrosine kinases that include the tyrosine
kinase expressed in hepatocellular carcinoma (TEC), inter-
leukin-2-inducible T cell kinase (ITK), resting lymphocyte
kinase (RLK) and bone marrow expressed kinase (BMX).
BTK contains five protein domains: pleckstrin (PH), TEC,
SRC homologies as well as the kinase domain. BTK is
transiently recruited from the cytoplasm to the cell mem-
brane through interaction with PIP3 and the pleckstrin
domain. BTK activation results from phosphorylation of
Y551 in the kinase domain by SYK or SRC family kinases
and results in autophosphorylation of Y223 in the SRC
domain. In B cells, the initial event in BTK signaling is
binding of IgM BCR to antigen and subsequent phosphor-
ylation of Iga and IgB via LYN/SRC. This ultimately
results in activation of 1) mitogen-activated protein kinase
(MAPK) 2) nuclear factor kappa light chain enhancer
(NFxB), and 3) the serine/threonine kinase AKT, resulting
in cellular proliferation, differentiation, survival, and inhi-
bition of pro-apoptotic FOXO proteins.?” >

BTK is vital for B cells. Mutations in BTK can result
in incomplete B cell differentiation with almost no mature
B cells in the peripheral blood. BTK-deficient B cells
cannot produce immunoglobulins resulting in the condi-
tion of X-linked agammaglobulinemia.>*** In MCL, BTK
is overexpressed and phosphorylated at Y223. BTK is

essential for retention of MCL cells in lymphoid tissues,
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since BTK inhibition induces an egress of malignant cells
into the peripheral blood.**

The critical role of BTK prompted its investigation as a
therapeutic target in mature B cell malignancies in the
relapsed and refractory setting. Initial drug development
efforts led to the development of first-generation BTKi
that bind covalently to the C481 residue of the ATP-bind-
ing pocket within the kinase domain. This binding pre-
vents BTK from phosphorylating its substrate PLCy,
thereby halting its ability to affect downstream activation
of MAPK, NF«B, and AKT pathways.

Spebrutinib (Celgene) was the first BTKi in clinical
trials. It is a potent but not fully specific BTKi that cova-
lently bonds to C481 with IC50 2 nM.** A Phase Ib
clinical trial evaluated spebrutinib in patients with (R/R)
B-cell malignancies and demonstrated overall response
rate (ORRs) of 31% at 750 mg once daily, 50% at 1000
mg once daily, and 66.7% at 375 mg twice daily with no
patient achieving a CR. In a preclinical MCL model, the
agent was additionally demonstrated to have efficacy and
potential for synergy with various agents.*’

Ibrutinib (J&J AbbVie) was the first BTKi approved
for the treatment of B cell malignancies; it was approved
as second-line therapy for R/R MCL in 2013.

Ibrutinib contains an electrophilic acrylamide moiety that
covalently binds Cys481 causing inhibition of BTK. Although
effective at inhibiting BTK due to its interaction with other
kinases that possess an analogous binding site including TEC,
EGFR, etc., ibrutinib has several off-target effects and also
interacts with other kinases such as TEC, EGFR, etc. that
include rash, diarrhea from inhibition of EGFR as well as
atrial fibrillation, bleeding, and infection.*® Preclinical data
suggest that ibrutinib can impact immune function through
off-target interactions. For example, ibrutinib can alter T cell
function through inhibition of ITK and TEC/TXK*® and has
been noted to antagonize rituximab-induced antigen-depen-
dent cell-mediated cytotoxicity (ADCC) through the inhibition
of FcR-stimulated NK cell function.*’

A pivotal Phase II clinical trial treated 115 patients with
single-agent ibrutinib at 560 mg daily until disease progres-
sion or intolerable AEs. The median age was 68 years and
median prior therapy was three lines. 46 (41%) patients
remained on therapy for 15.3 months; 50 patients discontin-
ued due to progression, and 8 discontinued due to AEs
(diarrhea, fatigue, and nausea). Mild-to-moderate neutrope-
nia and thrombocytopenia occurred in 18% of patients, and
grade 3 bleeding events requiring transfusion occurred in
4.5% of patients. 16 patients died due to progression and

four due to AEs. ORR was 68% (47% partial response and,
21% CR) with a median response duration of 17.5 months
(95% CI 15.8 not reached). Median OS was not reached, and
OS was 58% at 18 months. These data were the basis for
accelerated approval of ibrutinib in November 2013.4%4°
Updated data reported at a median follow-up of 26.7 months
with a median treatment duration of 8.3 months, whereby
46% were treated for >12 months and 22% for >2 years. The
median duration of response was 17.5 months with PFS and
OS rates of 31% and 47%, respectively, at 2 years and are the
highest reported for a single agent in R/R MCL.>® Long-term
pooled analysis of clinical trials utilizing ibrutinib in MCL
has demonstrated continued efficacy as well as improved
outcomes in patients with fewer prior therapies.’

Primary or acquired resistance to ibrutinib has been noted
in MCL, although the etiology of either mechanism is not
currently known unlike CLL were the primary cause of drug
resistance to BTK has mostly been related to mutations at the
covalent binding site on BTK. Another known acquired
mechanism of resistance to ibrutinib is a gain of function
mutation at R665W and L845F of the BTK substrate, PLCy2
resulting in autonomous downstream signal activation
through the MAPK, NFkB and AKT pathways.>>>*

Ibrutinib is currently in clinical trial as frontline
induction therapy for young fit patients with MCL.
The triangle Phase III study EudraCT 2014-001363-12
by the European MCL consortium is randomizing
patients to three arms: 6 cycles R-CHOP/R-DHAP fol-
lowed by ASCT vs 6 cycles RCHOP +ibrutinib/RDHAP
followed by ASCT and 2 years ibrutinib (MI) vs 6
cycles RCHOP plus ibrutinib/RHAP and 2 years MI
NCT02858258. The SHINE trial is evaluating the com-
bination of ibrutinib with BR vs BR alone in patients 65
and older (NCTO01776840).

Development Of Acalabrutinib

Acalabrutinib (ACP-196) is a second-generation BTK
inhibitor that forms an irreversible covalent bond with
BTK at (Cys481 in the kinase) domain. It has a higher
selectivity for BTK as compared with other kinases,
including MEC, PDGFR, EGFR, ITK,
(Figure 1). Pharmacodynamic (PD) modeling in vivo

and others

using mice treated with 0.1 to 30 mg/kg acalabrutinib
vs ibrutinib demonstrated a half-maximal effective con-
centration (ED50) of 1.3 mg/kg for acalabrutinib vs 2.9
mg/kg for ibrutinib with prolonged PD effect with aca-
labrutinib compared to ibrutinib. Acalabrutinib being a
more selective BTKi is believed to have less off-target
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Figure | Comparison of acalabrutinib, ibrutinib, and spebrutinib in competitive binding assays on wild-type and mutant kinases (DiscoverX).56

inhibition and side effects compared to ibrutinib. In

vitro studies using a competitive binding assay
(DiscoverX) on wild-type and mutant kinases showed
that acalabruitinib at 1 pM inhibited fewer off-target
kinases compared to ibrutinib, with only 1.5% of the
nonmutant protein kinases being inhibited to a level of
>65% compared to 9% for ibrutinib. Additionally, aca-
labrutinib did not demonstrate any significant inhibitory
effects on EGFR, the TEC kinase, or ITK signaling.>® >’
While ibrutinib was reported to antagonize rituximab-
induced ADCC,*® this issue was not noted with acalab-
rutinib, suggesting acalabrutinib has less impact on T
cells or cellular mediated immune defense compared to

ibrutinib.

The improved selectivity of acalabrutinib is thought to
be due to its propiolamide side group versus ibrutinib’s
acrylamide side group. The propiolamide side group may
allow fewer off-target interactions with other kinases
such as ITK, EGFR, ERBB2/4, JAK3, LYN, and SRK.
While acalabrutinib’s half-maximal inhibitory concentra-
tion (ICso) for BTK is roughly 3 times that of ibrutinib,
the ICs, against other kinases is much higher.’®

In an early phase study evaluating different dosing
frequencies of acalabrutinib, patients treated with 100
mg twice daily demonstrated median BTK occupancy of
99% at 4-hr post-dose and 97% at trough pre-dose/12-hr
post-dose. In comparison, patients receiving acalabruti-
nib 200 mg once daily demonstrated BTK occupancy of
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92% (p<0.01). Thus, twice-daily dosing was chosen as it
resulted in lower interpatient variability.’®->’

As of today, acalabrutinib is the only second-genera-
tion BTK inhibitor approved by the FDA for use in R/
R MCL.

Approximately 40 clinical trials are evaluating the use
of acalabrutinib; the majority are open for use in CLL
(14), while others are investigating its use in nonhemato-
logic malignancies. The remaining clinical trials are for
NHL either as a single agent or in combination with for
first-line or refractory indications (see Table 1).

Acalabrutinib’s Place In The

Treatment Of MCL

Acalabrutinib was first studied in R/R MCL in a Phase 2,
multicenter international open-label study (ACE-LY-004).
The study took place from March 2015 until January 2016
at 40 sites across 10 countries with enrollment of 124
patients with R/R MCL who had received up to 5 prior
lines of therapy. Patients received acalabrutinib 100 mg BID
PO in 28-day cycles. The primary study endpoint was ORR
as assessed by the investigators using the Lugano classifica-
tion. The secondary endpoint was ORR as assessed by an
independent review committee (IRC), in addition to the
duration of response (DOR), progression-free survival
(PFS), overall survival (OS), safety, pharmacokinetics, and
pharmacodynamics. Previous treatment with BTKi was not
allowed. The median age of enrollment was 68% and 80%
was male. Most had advanced-stage disease, ECOG < 1
(93%), low- or intermediate-risk MCL international prog-
nostic index (MIPI) scores (83%), and a median of 2 prior
lines of therapy. Most patients (95%) had previously
received rituximab as a single agent or part of a combina-
tion regimen. In addition to rituximab, some patients had
received CHOP-based regimen (52%), bendamustine
(22%), hyperCVAD (21%), bortezomib/carfilzomib (18%),
lenalidomide (7%) and ASCT (18%). The mean plasma
concentration of acalabrutinib was 1000 ng/mL 1-hr post-
dose with a BTK occupancy of 99%. BTK occupancy was
noted to be 95-97% prior to the next dose. Primary end-
point ORR (CR+PR) was 81%, with 40% CR vs 80% and
40% CR as assessed by the IRC. The median time to
response was 1.9 months, the median DOR was not reached
with a reported 12-month DOR rate of 72% (CI 95%: 62—
80%). At a median follow-up at 15.2 months, 54 (44%)
patients had discontinued therapy, mostly due to progres-
sion of the disease (39 patients). The other most common

reason for discontinuation was AEs in 7 patients. The most
observed AEs were grade 1 or 2. The most common AEs of
any grade were headache (38%), diarrhea (31%), fatigue
(27%), and myalgia (21%). Although common, headache
events were mostly grade 1 (64% of 47 patients) with a
median time to onset of approximately 5 days. The median
duration of headache events was reported to be 11 days, and
most were self-resolving with only two patients having to
discontinue therapy due to this event. With regard to diar-
rhea, the median time to onset of was 50 days with a
median time to resolution of 7 days. There were few
grade 3 or higher AEs which included neutropenia (10%),
anemia (9%), and pneumonia (5%). SAEs were considered
treatment related in 10% of patients; none were reported in
more than one patient. At time of initial publication, no
cases of atrial fibrillation were reported; bleeding events,
the most frequent of which were contusion and petechiae,
occurred in 31% of patients and were all grade 1 or 2 except
for one grade 3 gastrointestinal hemorrhage in a patient with
previous history of gastric ulcer.”® Outcomes from this
study led to the accelerated approval of acalabrutinib
(Calquence, AstraZeneca Pharmaceuticals Inc. under
license of Acerta Pharma BV) for use in R/R MCL.

An update to the study was presented at the American
Society of Hematology Annual Meeting in December
2018. The investigators reported that as of February 2018
the median time on study was 26.3 months (range, 0.3—
35.1 months), and 40% of patients remain on treatment.
Median relative dose intensity (ratio of actual to planned
cumulative dose during drug exposure period) was 99%
(range, 27-100%). Investigator-assessed ORR was not
significantly different from the original publication.
Median DOR was updated and noted to be 25.7 months
(95% CI: 17.5 months, not reached). Median PFS was 19.5
months (95% CI: 16.5 months, 27.7). Median OS had not
yet been reached with an estimated 24-month OS rate of
72% (95% CI: 64%, 80%). The safety profile was updated
to report 13 patients (10%) with 16 cardiac events, includ-
ing four grade 3/4 events (3%) in one patient each (acute
coronary syndrome, acute myocardial infarction, cardior-
espiratory arrest, and coronary artery disease). Four
patients had hypertension events (3%); one event was
grade 3. Three grade 3 bleeding events (gastrointestinal
hemorrhage, hematuria, and hematoma) were reported.
Grade 3/4 infections occurred in 15% of patients and
none were grade 5; there was one case of cytomegalovirus
viremia (CMV) and one case of pneumocystis jiroveci
pneumonia (PCP; both grade 2). Again, progressive
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Table | Ongoing Clinical Trial With Acalabrutinib In Patients With NHL

NCT# Study Name Other Drugs NHL Subtype Company | Sites | Active
Or IST And
Recruiting
(Yes/No)
NCTO02180711 | Study of Acalabrutinib Alone or in Lenalidomide MZL Company us Yes
Combination Therapy in Subjects With B- | Rituximab FL
cell Non-Hodgkin Lymphoma
NCT03571308 | (ACCEPT) R-CHOP DLBCL IST UK Yes
NCT03527147 | (PRISM) AZD9150 Aggressive NHL | Company us Yes
AZDé6738 and
Hu5F9-G4 UK
Rituximab AZD5153
NCTO02328014 | Acalabrutinib (ACP-196) in Combination | ACP-319 B-NHL Company us No
With ACP-319, for Treatment of B-Cell
Malignancies
NCT02362035 | (KEYNOTEI45) Pembrolizumab NHL Company us No
NCT02972840 | A Study of Bendamustine and Rituximab Bendamustine MCL Company Global | Yes
Alone Versus in Combination With Rituximab
Acalabrutinib in Subjects With Previously | Venetoclax
Untreated Mantle Cell Lymphoma
NCT03899337 | (STELLAR) R-CHOP DLBCL IST UK No
NCTO03863184 | Acalabrutinib-Lenalidomide-Rituximab in Lenalidomide MCL IST us No
Patients With Untreated MCL Rituximab
NCT03736616 | Acalabrutinib Plus RICE for Relapsed/ RICE DLBCL IST us No
Refractory DLBCL
NCT02972840 | (ECHO) Bendamustine MCL Company Global | Yes
Rituximab
NCT03623373 | Acalabrutinib With Alternating Cycles of | Bendamustine MCL IST us Yes
Bendamustine/Rituximab and Cytarabine/ | Cytarabine
Rituximab for Untreated Mantle Cell Rituximab
Lymphoma
NCTO03946878 | Venetoclax and Acalabrutinib in Treating Venetoclax MCL IST us Yes
Patients With Relapsed or Refractory
Mantle Cell Lymphoma
NCT03205046 | A Study of Acalabrutinib and Vistusertib in | Vistusertib DLBCL Company us No
Subjects With Relapsed/Refractory B-cell Richter’s
Malignancies
NCTO02180724 [ An Open-label, Phase 2 Study of None WM Company Global | No
Acalabrutinib in Subjects With
Waldenstrom Macroglobulinemia
NCTO03198650 | A Phase | Study of Acalabrutinib in Obinutuzumab MCL Company Japan Yes
Japanese Adult Patients With Advanced B- CLL
cell Malignancies
(Continued)
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Table | (Continued).
NCT# Study Name Other Drugs NHL Subtype Company | Sites | Active
Or IST And
Recruiting
(Yes/No)
NCTO02112526 | Acalabrutinib (ACP-196), a Btk Inhibitor, None DLBCL Company Global | No
for Treatment of de Novo Activated B-cell
(ABC) Subtype of Diffuse Large B-Cell
Lymphoma
NCT03932331 | Study of Acalabrutinib in Chinese Adult None MCL Company China | No
Subjects With Relapsed or Refractory CLL
Mantle Cell Lymphoma, Chronic
Lymphocytic Leukemia or Other B-cell
Malignancies

disease was the most likely reason for treatment disconti-
nuation with an additional 15 patients coming off treat-
ment since the Lancet article. Three additional patients
came off trial due to AEs, bringing the total number of
discontinuations from AEs to 10 (8%). Forty-three deaths
(35%) were reported, most commonly from progressive
disease (n=29; 23%) or AEs (n=6; 5%). Deaths due to AEs
included bilateral pulmonary embolism, critical aortic ste-
nosis, myelodysplastic syndrome, pneumonia, suicide, and
non-small cell lung cancer; none were considered to be
related to acalabrutinib.®

Currently, BTKi are the treatment of choice for most
patients with MCL in first relapse based on recently
reported data.’’ The choice of BTKi is less clear based
on available data. Currently, acalabrutinib has a safety
profile that thus far appears improved compared to ibruti-
nib. It does require twice-daily dosing which can impact
compliance and possibly outcome, while ibrutinib is dosed
once daily. Moving forward patient comorbidities, compli-
ance and physician preference will likely dictate which
agent is utilized most in the second-line setting.

Clinical Trials Supporting The Use
Of Acalabrutinib In Treatment Of
MCL

There are several additional studies that have been con-
ducted in MCL with acalabrutinib. Most of the ongoing
trials have recapitulated studies that have already been
conducted with ibrutinib.

LY-106 is a Phase I clinical trial that was designed to
evaluate the combination of acalabrutinib with bendamustine

and rituximab (BR), in patients with MCL. This multicenter
open-label study enrolled patients from May 2016 through
March 2017 at 15 sites across 3 countries. Study design
included two cohorts: treatment naive (TN) and R/R patients.
Cohort 1 enrolled 18 TN, while cohort 2 enrolled 18 R/R
MCL patients who had a median of 2 lines of therapy. All
patients received acalabrutinib 100 mg PO BID plus bend-
amustine 90 mg/m? on days 1, 2 and rituximab 375 mg/m*
for six 28-day cycles. Treatment-naive (TN) patients then
received acalabrutinib 100 mg PO BID daily plus rituximab
375 mg/m” IV every other month as maintenance therapy for
cycles 7-30, and then daily acalabrutinib 100 mg PO BID
until disease progression or end of treatment. R/R patients
received acalabrutinib 100 mg PO BID until disease progres-
sion after induction. The primary endpoint was safety of
acalabrutinib in combination with bendamustine and ritux-
imab with AEs graded using NCI CTACE v4.03. Secondary
endpoints were investigator-assessed efficacy of acalabruti-
nib in combination with BR using ORR, DOR, and PFS
assessed using Lugano criteria. Median time on study for
the TN cohort was 20.6 months (range 0.6 —2.61) vs 16.9
months (range 1.2-26.6) for the RR patients. 72% of the TN
patients completed 6 cycles of therapy vs 50% of the R/R
cohort. No TN patients experienced progression of disease,
while two R/R patients experienced disease progression. All
three study drugs were discontinued in 44% of patients in
cohort 1 vs 55% in cohort 2. Death occurred in 3 (17%)
enrolled into the TN cohort vs 4 (20%) patients in the R/R
cohort. Two patients (1%) withdrew from study in the TN
cohort due to AEs vs 1 patient (5%) in the R/R cohort. AEs
occurred in >20% of all patients enrolled; 58% experienced
grade 1 or 2 nausea as the most frequent side effect, with
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more TN patients 14 (78%) reporting this event than in the R/
R cohort (8, 40%). Grade 1 or 2 fatigue occurred in 53% of
patients overall, with one R/R patient experiencing grade 3
fatigue. Grade 3/4 neutropenia was observed in 45% of
patients overall; 22% experienced grade 3 and 17% experi-
enced grade 4 in the TN cohort vs 25% grade 3 and 25%
grade 4 neutropenia in the R/R cohorts. One TN patient
experienced major hemorrhage, reported as pulmonary
alveolar hemorrhage, leading to discontinuation of study
treatment. Grade 3 or 4 AEs occurring in > two patients
included neutropenia, pneumonia, thrombocytopenia,
abdominal pain, acute kidney injury, anemia, diarrhea, hyper-
tension, hyperuricemia, and hypotension. Of note, no patients
experienced atrial fibrillation, CMV, PCP, or tumor lysis
syndrome during this study. In terms of secondary outcomes,
ORR (CR + PR) was 94% (CI 73-100%) in the TN cohort vs
85% (CI 62-97%) in the R/R cohort. Thirteen (72% of
evaluable) patients achieved a CR in the TN cohort vs 13
(65% of evaluable patients) in the R/R cohort. Four patients
in both cohorts achieved a partial response (22%) in the TN
cohort vs (20%) in the R/R cohort. The median time to initial
response was 1.9 months (range, 1.6-2.8) in the TN cohort vs
1.8 months (range, 1.6-2.3) in the R/R cohort. No patients
had progression of disease while on study. The median PFS
was not reached in either cohort. In terms of exploratory
outcomes, the steady-state concentration of acalabrutinib
did not differ with or without BR.®" This Phase I study
demonstrated that acalabrutinib in combination with BR
has an acceptable safety profile with high response rates,
which leads to the ongoing Phase III randomized double-
blind placebo-controlled trial of acalabrutinib plus BR vs BR
in patients 65 and older who are diagnosed with TN MCL
(NCT02972840). The primary endpoint is PFS per the
(Lugano classification for NHL) over 48 months and cross-
over to single-agent acalabrutinib is allowed for those who
progress on the placebo-controlled arm. Additionally, study
LY-106 continues to enroll TN patients in an additional
cohort that is evaluating the safety and efficacy of acalabru-
tinib in combination with venetoclax and rituximab (AVR).
The results of this cohort are pending.

Washington University in collaboration with Acerta
Pharma is sponsoring a pilot study of acalabrutinib with
alternating cycles of bendamustine/rituximab and cytara-
bine/rituximab for untreated MCL NCT03623373 which
opened August 9, 2018, with an estimated enrollment of
15 patients. Patients are scheduled to receive six 28-day
cycles of bendamustine on days 1 and 2, rituximab on day
1, acalabrutinib PO BID days 1-28 on odd cycles and

cytarabine every 12 hrs. on days 1 and 2, acalabrutinib
PO BID on days 1 through 7 and days 22 through 28 on
even cycles with granulocyte-colony stimulating factor
support and then undergo leukapheresis after cycle 6 for
collection of >2 x 10° CD34+ stem cells/kg. The primary
endpoint is stem cell mobilization success rate in subjects
with MCL treated with this regimen. The secondary out-
come measures include safety and tolerability of the regi-
men measured by treatment-related nonhematologic
toxicity grade 3 or higher; ORR (CR+PR) over 6 months
per Lugano classification; pre-transplant CR rate of over 6
months; and PFS of subjects and OS.

Several other trials evaluating acalabrutinib in addi-
tional ethnic populations or in combination with various
agents are currently planned as listed in Table 1. These
include 1) NCT03863184, a study of acalabrutinib, lenali-
domide, and rituximab in patients with untreated MCL; 2)
NCT03932331, a study of acalabrutinib in Chinese adult
subjects with R/R MCL or other B-cell malignancies; and
3). NCT03946878, a study of venetoclax and acalabrutinib
in patients with R/R MCL.

NCT02362035 and NCT02328014 are additional com-
bination trials evaluating acalabrutinib in combination
with pembrolizumab and ACP-319, respectively. Neither
trial is specific for MCL, but both allow for enrollment of
patients with R/R NHL.

Long-Term Safety

While the updated safety and efficacy data of acalabrutinib
in MCL presented at ASH 2018 did not demonstrate any
new safety information, there have been additional reports
of bleeding and reports of atrial fibrillation in other NHL
subtypes.®>® With respect to the risk of bleeding, platelet
aggregation studies have suggested that there is some
clotting dysfunction due to actions of acalabrutinib.
Dysfunctional aggregation responses to collagen and col-
lagen-related peptide suggest that acalabrutinib inhibits
platelet Btk and Tec at physiological concentrations.
Additionally, newer PK data suggest that acalabrutinib
impacts TEC to a similar degree as ibrutinib.®*%
However, unlike ibrutinib, acalabrutinib does not lead to
dysfunctional thrombus formation nor does it inhibit Src
family kinases, which are critical to platelet adhesion to
collagen.®* Thus, acalabrutinib does not induce major pla-
telet dysfunction as has been associated with ibrutinib. It is
unclear how the maturing safety information will impact
the utilization of acalabrutinib. Given that the cost and
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efficacy of acalabrutinib and ibrutinib are similar, acalab-
rutinib’s safety profile may be the deciding factor.

Economic Implications

While the advent of novel therapies such as acalabrutinib
has led to improvement in patient outcomes, the financial
consequences for patients can be enormous. As currently
approved, all BTKi in the R/R setting are given until
progression of disease or intolerance. As a result, patients
can remain on treatment for several years. Mato et al
(2019) published a review regarding AEs, resource use
and economic burden associated with the treatment of
MCL with cost data reported in 2016 dollars. Mean
monthly (SD) all-cause costs during treatments with first-
line therapy using BR and RCHOP were $12,958
($12,687) and $24,719 ($44,996), respectively. The
monthly cost of ibrutinib was estimated to be $21,690
($24,773). Part of the cost estimate relates to AEs asso-
ciated with treatment, which would explain the higher cost
associated with R-CHOP as this is commonly utilized as
part of intensive chemotherapy regimens. These regimens
generally have more toxicity, leading to more frequent
hospitalizations for AE management.®®*” While firm data
on the comparative cost of acalabrutinib in MCL is not
known at this time, a cost analysis of the two drugs
published in 2018 reported an annual cost ibrutinib in the
United States of approximately $146,000 a year with an
estimated monthly cost of $12,180. While the wholesale
cost for acalabrutinib to date is not known, the estimated
cost is $14,064 per month resulting in a yearly cost of
close to 513169,000.68 With the slow but inevitable introduc-
tion of acalabrutinib and ibrutinib into the frontline setting,
we will need to be cognizant of balancing benefits with
expected costs especially when given in combination with
rituximab or chemotherapy as costs will be expected to
almost double the values reported by Mato et al. Ways to
mitigate the cost of the drugs either through free drug
programs, manufacturer-approved price reductions, or
implementation of drug holidays will need to be explored.

Future Role Of Acalabrutinib In
Treatment Of MCL

Given its current approval in R/R MCL, future studies
utilizing acalabrutinib will undoubtedly focus on improv-
ing depth and duration of response in R/R through novel
combinations. In the frontline setting, a large Phase III trial
is evaluating regimens combining acalabrutinib with BR

with the goal of improving outcomes in transplant ineligi-
ble patients. With the current trend to limit exposure to
cytotoxic agents, we will likely see acalabrutinib com-
bined with more targeted therapies such as the new arm
of LY-106 (venetoclax + rituximab) and the upcoming
study NCT03863184 (lenalidomide + rituximab). How
these frontline studies will impact treatment will depend
on response (radiographic and molecular), treatment dura-
tion (continuous vs fixed), and cost. Acalabrutinib should
also be explored in the maintenance setting. Currently, in
MCL, only rituximab has demonstrated a significant ben-
efit in the maintenance setting, but even this can vary
depending on the induction regimen.”®*’ How acalabruti-
nib or other BTKi can impact this area of treatment is
unknown. With respect to the R/R setting, while the cur-
rent DOR of acalabrutinib is still maturing, the final med-
ian DOR is unlikely to differ significantly from what is
currently reported with the use of ibrutinib. Finding ways
to improve the DOR of BTKI remains paramount given
the poor outcomes reported in patients who fail these
agents.®”’" This is likely to be accomplished through
combination studies utilizing other small molecules such
as PI3K inhibitors, BH3 mimetics, etc. Additionally, given
that a subset of MCL patients will present with tumors that
harbor primary resistance to BTKi, further elucidation of
resistance mechanisms to BTK inhibition will be impor-
tant for the future development of acalabrutinib and other

agents in this class.

Conclusions

Over the last several years, we have seen an explosion of
new treatments for patients with MCL, but no other treat-
ments to date have impacted the care of patients with MCL
to the degree of BTKi. Since its approval in 2017 acalab-
rutinib has become a major asset in the treatment of
patients with MCL. Initial studies with acalabrutinib
demonstrated excellent response rates and suggested an
improved safety profile as compared to the only other
currently FDA-approved BTKi. The safety of the drug
has stayed consistent in combination with chemotherapy
and other targeted agents, allowing it to become a fixture
in this patient population. In the future, we will look for
verification of its long-term safety profile as current stu-
dies mature, future trials open, and more data are obtained
from patients treated outside of clinical trials. With no
reported differences in efficacy and no expectation that
cost will differ among this drug class, we will depend on
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the safety and long-term tolerability for selecting among

the various covalent BTKi agents moving forward.
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