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selective, next-generation Bruton tyrosine kinase inhibitor, and its active metabolite

who received acalabrutinib as monotherapy or in combination with obinutuzumab.
Methods: For exposure-efficacy analyses, patients with untreated chronic lympho-
cytic leukaemia were assessed for best overall response, progression-free survival
and tumour regression. For exposure-safety analyses, incidences of grade >2 adverse
events (AEs), grade >3 AEs and grade 22 events of clinical interest were assessed in
patients with B-cell malignancies. Acalabrutinib and ACP-5862 pharmacokinetic
(PK) parameter estimates were obtained from population PK modelling. Exposure cal-
culations were based on study dosing regimens. Total active moieties were calculated
to account for contributions of ACP-5862 to overall efficacy/safety.

Results: A total of 573 patients were included (exposure-efficacy analyses, n = 274;
exposure-safety analyses, n = 573). Most patients (93%) received acalabrutinib
100 mg twice daily. Median total active area under the concentration-time curve

(AUCo4nss) and total active maximal concentration at steady-state (Ciaxss) were
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malignancies.
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1 | INTRODUCTION
Bruton tyrosine kinase (BTK) signalling is essential for B-cell differenti-
ation, proliferation and survival, and critical for the survival of
leukaemic cells.® Therefore, inhibition of BTK is an established thera-
peutic intervention for the treatment of B-cell malignancies.
Acalabrutinib (Calquence, AstraZeneca, Gaithersburg, MD, USA) is a
highly selective, potent, next-generation BTK inhibitor approved for
the treatment of previously treated mantle cell lymphoma (MCL) as
well as previously untreated and relapsed/refractory chronic lympho-
cytic leukaemia (CLL)/small lymphocytic lymphoma.2® In nonclinical
and clinical studies, acalabrutinib inhibited BTK-mediated activation of
downstream signalling proteins and inhibited malignant B-cell prolifera-
tion and survival.*? Acalabrutinib displays minimal off-target inhibition
of kinases such as epidermal growth factor receptor and interleukin
2-inducible T cell kinase (ITK) relative to other BTK inhibitors.2

After oral administration, acalabrutinib is rapidly absorbed and has
a short pharmacokinetic (PK) half-life; median time to peak plasma con-
centrations (Tpma) Was 0.9 hours (range, 0.5-1.9 h).% Following a single
oral dose (100 mg), the terminal elimination half-life of acalabrutinib
was 1-2 hours.’® ACP-5862, the major pharmacologically active
metabolite from acalabrutinib, is approximately half as potent as
acalabrutinib in terms of BTK inhibition, has a similar kinase selectivity
profile and has a terminal elimination half-life of approximately
7 hours.1® ACP-5862 formation is also characterized by a Tmay of
approximately 1 hour and a mean exposure twice that of
acalabrutinib.’® Both acalabrutinib and ACP-5862 are irreversible,
covalent, kinase inhibitors and the inhibition of signal transduction is
maintained until functional levels of the target kinase are restored.!!
Median steady-state BTK occupancy (295%) in peripheral blood mono-
nuclear cells was maintained over 12 hours with 100 mg twice-daily
(BID) acalabrutinib administration in patients with B-cell malignancies.®
Acalabrutinib is metabolized to ACP-5862, primarily by CYP3A-
mediated oxidation of its pyrrolidine ring. In a human [**C] absorption,
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similar for patients who received acalabrutinib as monotherapy or in combination
with obinutuzumab, and for responders and nonresponders. No relationship was
observed between AUC,4p ss/Ciax.ss and progression-free survival or tumour regres-
sion. Acalabrutinib AUC4h s and Ciaxss Were generally comparable across groups
regardless of AE incidence.

Conclusion: No clinically meaningful correlations between acalabrutinib PK exposure
and efficacy and safety outcomes were observed. These data support the fixed

acalabrutinib dose of 100 mg twice daily in the treatment of patients with B-cell

acalabrutinib, ACP-5862, B-cell, BTK inhibitor, Calquence, chronic, exposure-efficacy,
exposure-response, exposure-safety, leukaemia, lymphocytic, obinutuzumab, pharmacokinetics

What is already known about this subject

o Acalabrutinib is a highly selective, potent, next-generation,
covalent Bruton tyrosine kinase (BTK) inhibitor approved for
the treatment of previously treated mantle cell lymphoma
as well as previously untreated and relapsed/refractory
chronic lymphocytic leukaemia/small lymphocytic lymphoma.

o ACP-5862, the major pharmacologically active metabolite
of acalabrutinib, has exposures approximately 2-fold that
of acalabrutinib, is approximately half as potent in terms of

BTK inhibition, and has an analogous kinase selectivity profile.
What this study adds

e No clinically meaningful relationships were observed
between acalabrutinib/ACP-5862 exposures and efficacy
and safety outcomes following treatment with acalabrutinib
monotherapy or in combination with obinutuzumab in
patients with B-cell malignancies.

e The lack of relationship between exposure and efficacy
and safety endpoints indicates that the acalabrutinib 100-
mg twice-daily regimen produced robust and consistent

therapeutic effects across the exposure range observed.

distribution, metabolism and excretion study, 95.7% of total radioactiv-
ity was recovered (12% in urine, 83.5% in faeces). In human faeces, par-
ent acalabrutinib accounted for 1.2% of the excreted dose. The results
from these analyses indicate that metabolic clearance is a major route
of drug elimination of acalabrutinib in humans.*2

Because acalabrutinib and ACP-5862 inhibit BTK and contribute
to efficacy and safety in the clinical setting, we sought to further
assess the relationship between plasma exposure to acalabrutinib and
ACP-5862 and clinical efficacy and safety via exposure-response ana-

lyses in patients with B-cell malignancies. We evaluated the
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relationship between acalabrutinib and ACP-5862 PK exposure and
clinical efficacy in patients with untreated CLL treated with
acalabrutinib alone or in combination with obinutuzumab (ACE-CL-
007). We also evaluated the relationship between acalabrutinib and
ACP-5862 PK exposure and selected safety measures in patients with

B-cell malignancies from 8 clinical studies.

2 | MATERIALS AND METHODS

2.1 | Compliance with ethics guidelines

All analyses were in accordance with the ethical standards of the
responsible committee on human experimentation (institutional and
national) and with the Helsinki Declaration of 1964, as revised in
2013. The study protocols were approved by all institutional review

boards and informed consent was obtained from all patients.

2.2 | Study populations

Data were pooled from 8 phase 1-3 trials in adult patients with B-cell
malignancies (Table 1). All patients who received 21 dose of
acalabrutinib and had estimated individual acalabrutinib or ACP-5862

For the exposure-efficacy analysis, data from the pivotal phase
3 study in previously untreated patients with CLL (ACE-CL-007) were
evaluated® The 2 acalabrutinib-treatment arms (acalabrutinib mon-
otherapy and acalabrutinib+obinutuzumab) were analysed separately as
well as pooled.

For the exposure-safety analyses, 6 subpopulations were consid-
ered, including: (i) a TN CLL population composed of previously
untreated CLL patients who received acalabrutinib either as mon-
otherapy or in combination with obinutuzumaby; (ii) a total CLL popula-
tion composed of all CLL patients, including both previously untreated
and relapsed/refractory CLL patients, who received acalabrutinib
either as monotherapy or in combination with obinutuzumab; (iii) a
CLL mono population composed of CLL patients who were treated
with acalabrutinib monotherapy; (iv) a CLL combo population com-
posed of CLL patients who were treated with acalabrutinib in combi-
nation with obinutuzumab; (v) a Haem mono population composed of
patients with haematological malignancies treated with acalabrutinib
monotherapy; and (vi) an overall population composed of all evaluable
patients (Table S1). These safety sub-populations were created to
focus on the CLL population, while also adding a broader
haematological (i.e., non-CLL) safety data set and enabling the identifi-
cation of less-common adverse events (AEs). All patients with avail-
able (observed) exposures and corresponding safety/efficacy data
were included in the analysis; no patients were removed due to

exposures were included. toxicities.
TABLE 1 Summary of studies included in the analysis
PK sample Acalabrutinib n with PK data  ACP-5862 n with PK data ®
Study Study description collection ? (all doses/100 mg BID ?) (all doses/100 mg BID )
ACE-CL-001%2¢ Phase 1/2 study in patients with R/Ror ~ Cycle 1:d 1, 8,15,  161/130 18/18
(NCT02029443) previously untreated CLL, Richter's 22 and 28
transformation, or PLL
ACE-CL-003% Phase 1b study in patients with R/R Cycle1:d 1 8/8 0/0
(NCT02296918) CLL
ACE-CL-0078 Phase 3 study in patients with Cycles 1 and 2: d 273/263 274/264
(NCT02475681) previously untreated CLL 1
ACE-LY-00228 Phase 1b study in patients with R/Rde  Cycle1:d 1,8,15  15/15 0/0
(NCT02112526) novo activated B-cell subtype of and 22
DLBCL Cycle2:d 1
ACE-LY-003% Phase 1b study of acalabrutinib alone Cycle1:d1,8,15, 7/7 0/0
(NCT02180711) or in combination with rituximab in 22 and 28
patients with FL
ACE-LY-004° Phase 2 study in patients with MCL Cycle1:d 1, 8,15, 45/45 0/0
(NCT02213926) 22 and 28
ACE-MY-001 Phase 1b study of acalabrutinib alone Cycle1:d 1,8,15, 13/13 0/0
(NCT02211014) or in combination with 22 and 28
dexamethasone in patients with MM
ACE-WM-001%° Phase 1/2 in patients with WM Cycle1:d 1,8,15, 50/49 0/0
(NCT02180724) 22 and 28
Total 572/530 292/282

BID, twice daily; CLL, chronic lymphocytic leukaemia; DLBCL, diffuse large B-cell lymphoma; FL, follicular lymphoma; MCL, mantle cell lymphoma; MM,
multiple myeloma; PK, pharmacokinetic; PLL, prolymphocytic leukaemia; R/R, relapsed/refractory; WM, Waldenstrom macroglobulinemia.
@For patients without observed acalabrutinib or ACP-5862 concentrations, exposures were predicted based on the typical population PK parameter values.

bDose is based on the most prevalent dose/dosing regimen administered to individuals for the duration of the clinical study.
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2.3 | Acalabrutinib and ACP-5862 exposure
assessments

and ACP-5862
concentration-time profiles at steady-state were obtained from the

Individual estimates of the acalabrutinib
population PK model, using the individual empirical Bayes estimates
and each patient's dosing regimen.'® For patients without observed
concentrations of either acalabrutinib or ACP-5862 (but not both), the
nonobserved profiles were predicted based on the mean parameter
values in the population. Exposure calculations were based on the
most prevalent dosing regimen administered to the individuals for the
duration of the respective clinical study.

To account for contribution of the major active metabolite ACP-
5862 to overall efficacy or safety, acalabrutinib and ACP-5862 molar
concentrations were adjusted with respective BTK potency and pro-

tein binding [Equation 1] and used to estimate the total active moiety.

Total Active Concentration = Cparent * fUparent + Cmetabolite * fUmetabolite * 0.5

(1)

Cparent and Cretabolite are molar concentrations of acalabrutinib and ACP-
5862, respectively. The free fractions for acalabrutinib (fuparent) and for
ACP-5862 (fumetabolite) are 0.025 and 0.013, respectively (data on file).
Compared with acalabrutinib, ACP-5862 has an approximately 0.5-fold
potency for BTK inhibition. The sum of the potency-adjusted molar con-
centrations were then converted to ng/mL scale using the molecular
weight of acalabrutinib (MW, cabrutinib = 465.5). Further, the correlation
between acalabrutinib and ACP-5862 exposure metrics were assessed
to determine what metric(s) to use in the exposure-response analyses.
In the case of a very strong correlation (p = 0.9) between parent and
metabolite exposures, the analysis was to be conducted using parent
exposure metrics. If the correlation was strong (>0.7 but <0.9), analyses
were to be conducted separately for parent and metabolite exposure
metric and both results were to be presented. In the case of a weaker
correlation (<0.7), the parent and metabolite were to be included simul-
taneously in the analyses (total active). Interpretation of the correlation
coefficient, as applied in this analysis, is discussed by Mukaka.'*

Some studies contain more data for the parent drug than the
metabolite, namely ACE-CL-001 and studies for non-CLL indications.
For that reason, the safety analyses performed for the pooled
haematological malignancies population, and potentially the pooled
CLL population, were performed using parent exposure only,
irrespective of the correlation coefficient.

Systemic exposures in the form of daily area under the
concentration-time curve (AUCo4nss) and maximal concentration
(Crnaxss) at steady-state were considered in this analysis and their cor-

relation was assessed using Spearman's correlation.

2.4 | Efficacy and safety assessments

Efficacy variables evaluated in the analysis included: (i) best overall

response (BOR) assessed by an independent review committee,
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categorized as complete response, partial response, stable disease,
progressive disease and unknown (any patient missing response infor-
mation); (ii) progression-free survival (PFS) assessed by independent
review committee; and (iii) tumour regression assessed by change
from baseline in the sum of the products of the greatest diameters
(SPD) of index lesions.

Safety variables evaluated in the analysis included: (i) incidence of
any grade 22 AEs; (ii) incidence of any grade =3 AEs; and
(iii) incidence of grade 22 AEs of clinical interest experienced by 25%
of the overall population. The 5% incidence threshold and assessment
of AEs of grades 2 and higher ensured inclusion of a sufficient number
of events in the exposure-safety analysis. AEs of clinical interest were
identified based on nonclinical findings, emerging data from clinical
studies relating to acalabrutinib and pharmacological effects of
approved BTK inhibitors, following Medical Dictionary for Regulatory
Activities (MedDRA) v21.1 terminology and included anaemia, cardiac
events, diarrhoea, headache, haemorrhage, hepatic events, hyperten-
sion, infections, neutropenia and thrombocytopenia.

2.5 | Exposure-response analyses
Data were first evaluated through summary statistics and graphical

assessments. Exploratory assessments included comparison of
acalabrutinib and ACP-5862 exposures in relevant outcome groups
including treatment groups (efficacy analyses) and histology/treatment
regimen subpopulations (safety analyses). For continuous outcome vari-
ables, the AUC,4p¢s and Cpnaxss Values were categorized by binning into
quartiles. Further, Kaplan-Meier representations, stratified by exposure
quartiles, were generated for the time-to-event outcomes.

Model-based statistical analyses were performed if a potential
relationship between exposure and response outcome was suggested
by the graphical analysis; logistic regression was used to investigate
potential relationships between exposure and the probability of out-

comes/events [Equation 2].

Iog(l%‘p) —at oG (2)

p; is the probability of the considered event for patient i, a is an
intercept parameter and g is a slope parameter for the effect of expo-
sure. C; is the exposure metric for patient i.

If there was no evidence of an exposure dependency of the
considered events based on the logistic regression modelling, the
relationship was not further investigated. However, if a significant
exposure-response relationship was identified, other candidate
predictors were investigated in addition to exposure.

Assessment of model adequacy and decisions about increasing
model complexity were guided by goodness-of-fit criteria, including:
(i) predicted probabilities of the events compared with the number of
events observed for each quartile of the exposure metric;
(i) plausibility of parameter estimates; (iii) precision of parameter esti-

mates; and (iv) likelihood ratio test.
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2.6 | Analytical method

Acalabrutinib and ACP-5862 samples were assayed across studies
using validated, sensitive and specific liquid chromatography-tandem
mass spectrometry methods. The lower limit of quantification (linear
range) was 1 (1-1000) ng/mL and 5 (5-5000) ng/mL. Intra-assay and
interassay variability (% coefficient of variance) were <8.2 and <8.8%,

respectively, across both analytes.

27 | Software

Preparation of the datasets was conducted using SAS (v. 9.4, SAS
Institute, TS1IM3). R-3.5.1 (R Core Team [2018]. R: A language and
environment for statistical computing. R Foundation for Statistical
Computing, Vienna, Austria. https://www.R-project.org/) statistical
data analysis software was used for data wrangling and all exposure-
response analyses.

2.8 | Nomenclature of targets and ligands

Key protein targets and ligands in this article are hyperlinked to
corresponding entries in http://www.guidetopharmacology.org, and
are permanently archived in the Concise Guide to PHARMACOLOGY
2019/20.%

3 | RESULTS

Distributions of acalabrutinib, ACP-5862 and total active exposure
metrics were similar in the overall efficacy and safety populations by
quartile (Tables S2 and S3) and across subpopulations (i.e., across the
2 acalabrutinib-containing treatment arms of ACE-CL-007 and the
6 safety populations; Figures S1 and S2), as were the distributions of
baseline patient demographics (Tables S4-S7). Further, the exposure-
response results were consistent for all subpopulations. Therefore,
only results based on pooled ACE-CL-007 for the efficacy-response
analysis and the overall population for the safety-response analysis

are described in the sections below.

3.1 | Patients

A total of 573 patients were included in the exposure-response ana-
lyses (Table 1). Patients from study ACE-CL-007 (n = 274) who
received acalabrutinib as monotherapy (n = 140) or in combination
with obinutuzumab (n = 134) were evaluated in the exposure-efficacy
analyses. All 573 patients were included in the overall safety popula-
tion evaluated in the exposure-safety analyses (subpopulations:
TN CLL, n = 328; total CLL, n = 443; CLL mono, n = 301; CLL combo,
n = 142; and Haem mono, n = 431; Table S1). Demographic charac-
teristics are presented in Table 2. Distributions of baseline patient

TABLE 2 Patient demographics and baseline characteristics
Efficacy Safety
population population

Characteristic (n = 274) (n = 573)
Categorical variables ?
Sex
Female 104 (38.0) 197 (34.4)
Male 170 (62.0) 376 (65.6)
Race
White 254 (95.5) 511 (90.9)
Black/African American 9(3.4) 24 (4.3)
Asian 3(1.1) 6(1.1)
Other 0(0) 21(3.7)
Ethnicity
Hispanic/Latino 11 (4.0 19 (3.3)
Not Hispanic/Latino 248 (90.5) 520 (90.8)
Not reported 15 (5.5) 19 (3.3)
Unknown 0(0) 15 (2.5)
ECOG performance status
0 141 (51.5) 253 (44.2)
1 117 (42.7) 293 (51.1)
2 16 (5.8) 25 (4.4)
3 0(0) 2(03)
Line of therapy
Treatment naive 274 (100) 364 (63.5)
Relapsed/refractory 0(0) 209 (36.5)
Chromosomal abnormality: 17p deletion
No 250(91.2) 361(86.8)
Yes 24 (8.8) 55(13.2)
Chromosomal abnormality: 11q deletion
No 220 (80.3) 324(77.7)
Yes 54 (19.7) 93(22.3)
Continuous variables ®
Age, y 69.5 (7.8) 66.9 (9.5)
Body weight, kg 80.4 (18.4) 81.1(17.7)
SPD at baseline 38.7 (50.9) NA €
CD19+ cells, count 3985 (15 152) 18 160 (45 420)
Absolute neutrophil count,  11.3 (15.4) 7.6 (11.4)
10°/L
Haemoglobin, g/L 117 (20.0) 116.0 (20.9)
Thrombocyte count, 10°/L 147 (67.0) 150 (81.1)

CD19+, cluster of differentiation 19 expressing B-cells; ECOG, Eastern
Cooperative Oncology Group; SPD, sum of the products of the greatest
diameters.

2Values are n (%).

bValues are mean (standard deviation).

“Not relevant for the safety population.

demographics were similar across the 2 acalabrutinib-containing arms
of ACE-CL-007 (Tables S4 and S5) and the 6 safety subpopulations
(Tables S6 and S7).
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For the majority of patients (n = 531, 92.7%), the most preva-
lent dose/dosing regimen received over the study duration was
acalabrutinib 100 mg BID. Other regimens included 100 mg daily
(QD; n = 16, 2.8%), 175 mg QD (n = 3, 0.5%), 200 mg QD (n = 4,
0.7%), 250 mg QD (n = 1, 0.2%) and 200 mg BID (n = 18, 3.1%). In
ACE-CL-007, 264 (96.4%) patients were treated with acalabrutinib
100 mg BID and 10 (3.6%) with 100 mg QD. The average daily dose
across the efficacy/safety populations was approximately 200 mg/d;
the regimen in the majority of subjects was 100 mg BID (Tables S2
and S3). Minimal dose reductions (~3%; overall median time to first
>260 days),
median time to first dose reduction >253 days) and discontinuations

dose reduction dose interruptions (~15%; overall
(~9%; overall median time to first dose reduction >26 mo) due to
AEs were observed. The majority of safety events of clinical interest
occurred in the first 6 months of treatment, with minimal dose
modifications due to AEs reported during that period (<23.2% of
subjects across studies), over a total follow-up period of up to

48 months.

3.2 | Acalabrutinib and ACP-5862 exposure

Acalabrutinib and ACP-5862 AUC4h ¢ Values demonstrated weak to
moderate correlation; Spearman's correlation coefficients (p) were
0.474 for the efficacy population (Figure S3) and 0.633 for the overall

population (Figure S4). Similar results were noted for C.xss Values
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(data not shown). Based on the lack of collinearity, total active expo-
sure would be the preferable exposure metric. For the exposure-
efficacy analysis, total active exposure was used because ACP-5862
observations were available in all ACE-CL-007 patients. All efficacy
analyses were also conducted for acalabrutinib and ACP-5862 sepa-
rately. However, ACP-5862 exposure measurements were only col-
lected in a subset of the safety population (n= 292, 51%) and
therefore were estimated based on the typical population PK parame-
ters for approximately half of the population. Acalabrutinib exposure
measurements were collected in all but 1 patient (n = 572); therefore,
acalabrutinib exposure was used as the primary exposure metric for
the exposure-safety analysis to avoid bias.

3.3 | Effect of exposure on efficacy and safety
outcomes
3.3.1 | Exposure-efficacy analysis

The evaluation of BOR as a function of AUCy4p s quartiles indicated
overlapping total active exposures and similar median values across all
response categories (Figure 1A). Similar results were observed when
BOR was evaluated as a function of total active Cpaxss (Figure 1B).
When Kaplan-Meier estimates of PFS were stratified by AUCa4h s
quartiles, the curves for all 4 AUC;4p ss quartiles overlapped, with a p-
value across quartiles of 0.4 (Figure 2A). Similarly, when PFS was

(B) Total active Cray, ss
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progressive disease; PR, partial response; SD, stable disease; total active, acalabrutinib + ACP-5862 exposure adjusted for molecular weight,

potency and protein binding
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evaluated by total active Cpaxss quartiles, substantial overlap in PFS
curves was observed, with a P-value across quartiles of 0.71
(Figure 2B). Additionally, when the relationship between change from
baseline lesion size and total active AUC,4p, s quartiles was evaluated,
the change from baseline in SPD was comparable across quartiles
(Figure 3A). The change from baseline SPD as a function of total
active Cpaxss Was also comparable across quartiles (Figure 3B). Similar
results were demonstrated across all efficacy parameters when evalu-
ated as a function of acalabrutinib and ACP-5862 AUCj,4hss and
Ciaxss (Figure S5). Crinss is very strongly correlated to AUC and will
thus generate the same result (Figure S6).

3.3.2 | Exposure-safety analysis

Overall, 518 patients (90.4%) experienced a grade =2 AE, and
350 patients (67.6%) experienced a grade >3 AE. The incidences of
selected grade 22 AEs of clinical interest were: neutropenia, n = 133
(23.2%); infections, n = 101 (17.6%); anaemia, n = 57 (9.9%); throm-
(7.2%); (5.6%);

bocytopenia, n= 41 cardiac events, n= 32

(A)
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hypertension, n= 31 (5.4%); hepatic events, n= 16 (2.8%);
haemorrhage, n = 12 (2.1%); diarrhoea, n = 11 (1.9%); and headache,
n = 4 (0.7%). Based on the prespecified incidence threshold for inclu-
sion of 25%, grade 22 AEs included in the exposure-response ana-
lyses were anaemia, cardiac events, hypertension, infection,
neutropenia and thrombocytopenia.

Acalabrutinib AUC,4nss Was generally comparable across patient
populations with and without grade 22 AEs, grade 23 AEs and
selected grade 22 AEs of clinical interest (Figure 4). A slightly higher
AUCy4ns Was noted in the populations of patients with grade 22
anaemia, infection and thrombocytopenia. However, the overlaps in
the exposures were large between patients with and without these
AEs. No such trends were noted for acalabrutinib Cpay ss (Figure S7).

When the incidences of grade 22 AEs, grade 23 AEs and selected
grade 22 AEs of clinical interest were stratified by quartiles of
acalabrutinib AUCy41 s, NO trends were noted except for a potential
relationship between grade 22 infection and acalabrutinib AUCy4p, s
(Figure 5). The incidence of infection was higher in the fourth
AUC,4p s quartile relative to other quartiles; however, no such trends

were noted in Cpaxss (Figure S8).
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FIGURE 2 Kaplan-Meier estimates of PFS stratified by quartiles of total active AUCy4p ss (A) and Cpnaxss (B). The P-value represents the
results of Cox-regression analyses comparing the probabilities across quartiles. Within the strata, 1 signifies the lowest quartile of total active
exposure and 4 signifies the highest quartile of total active exposure. The table below the Kaplan-Meier curves represents the number of
patients available for the analyses (i.e., not censored or discontinued). AUCs4p, s, area under the plasma concentration-time curve from time O to
24 hours (2 dosing intervals) at steady-state; Caxss, Maximum concentration at steady-state; PFS, progression-free survival; total active,
acalabrutinib + ACP-5862 exposure adjusted for molecular weight, potency and protein binding
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FIGURE 3 Maximum change from baseline in SPD stratified by quartiles of total active AUCy4p ¢s (A) Or Ciaxss (B). The numbers below the
categories on the x-axis indicate the number of patients in each category. Open circles show the individual data. The ends of the box are the
lower and upper quartiles, the middle line shows the median. The whiskers indicate 1.5 x interquartile range. Data above/below the whiskers are
shown as asterisks. AUCo4p ss, area under the plasma concentration-time curve from time O to 24 hours (2 dosing intervals) at steady-state;
Cax.ss» Maximum concentration at steady-state; SPD, sum of the products of the greatest diameters; total active, acalabrutinib + ACP-5862

exposure adjusted for molecular weight, potency and protein binding

Because the graphical analysis suggested a potential relationship
between AUC,41 s and grade 22 infection, a logistic regression analy-
sis was performed. The model predictions did not identify a statisti-
cally significant relationship between the probability of infection and
acalabrutinib AUCy4 ss (P=0.123; Figure S9) and no further investiga-
tion was performed.

4 | DISCUSSION

This comprehensive efficacy and safety exposure-response analysis
investigated the relationship between PK exposure and selected effi-
cacy and safety outcomes in patients with B-cell malignancies follow-
ing treatment with acalabrutinib administered as monotherapy or in
combination with obinutuzumab. For the exposure-efficacy analysis,
no clinically meaningful relationships were observed between total
active moiety exposures and efficacy outcomes including BOR, PFS
and change from baseline SPD following treatment with acalabrutinib
monotherapy or in combination with obinutuzumab in patients with
previously untreated CLL. Similarly, no relationships were observed
between acalabrutinib exposure and incidences of grade 22 AEs,
grade 23 AEs or select grade 22 AEs of clinical interest following
treatment with acalabrutinib monotherapy or in combination with
obinutuzumab in patients with B-cell malignancies. The lack of rela-
tionship between exposure and efficacy and safety endpoints indi-
cates that the acalabrutinib 100-mg BID dosing regimen elicits potent
and consistent therapeutic effects across the exposure range
observed.

Evaluation of the absorption, distribution, metabolism and excre-
tion properties of acalabrutinib demonstrated metabolic clearance to
the major, pharmacologically active, circulating metabolite ACP-5862,
which was observed at higher plasma exposure levels than parent
drug??; ACP-5862 has a longer half-life than acalabrutinib, leading to
approximately 2-fold higher mean AUCy4, levels. In addition, based
on the results of biochemical kinase assays and kinome-wide screens,
acalabrutinib and ACP-5862 are highly selective, covalent inhibitors
of BTK with very similar activity profiles.*® Therefore, systemic expo-
sures of both acalabrutinib and ACP-5862 are expected to contribute
towards the overall activity of acalabrutinib, adjusted for the differ-
ence in potency (between the parent and metabolite) towards BTK
inhibition. The potency (kinact/K)) of ACP-5862 for BTK inhibition was
estimated to be ~0.5-fold lower than that of acalabrutinib®; kinact/K; is
a rate constant that describes the efficiency of covalent bond forma-
tion resulting from the potency (K;) of the first reversible binding
event and the maximum potential rate (ki) of inactivation, which is
employed as a critical parameter to identify covalent inhibitors, inter-
pret structure-activity relationships, translate activity from biochemi-
cal assays to the cell and more accurately define selectivity. In the
current exposure-response analyses, acalabrutinib and ACP-5862
molar exposures were adjusted with respective BTK potencies (and
protein binding) to estimate a composite metric (total active moiety
exposure), which was used for the analysis. The simulated steady-
state plasma concentration-time profile for the total active moiety in
comparison with acalabrutinib and ACP-5862 is shown in Figure 6. In
general, the total active moiety PK profile is expected to provide pro-

longed target coverage relative to acalabrutinib alone and appears to
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FIGURE 4  Acalabrutinib AUC,4p s stratified by adverse event. The numbers below the categories on the x-axis indicate the number of
patients in each category. Open circles show the individual data. The ends of the box are the lower and upper quartiles, the middle line shows the
median. The whiskers indicate 1.5 x interquartile range. Data above/below the whiskers are shown as asterisks. AE, adverse event; AUCy4p s,
area under the concentration-time curve at steady-state conditions for a 24-hour dosing interval; Gr, grade

be comparable to the PK profiles reported for other BTK inhibitors
that are either approved or under investigation for the treatment of
B-cell ibrutinib  and
(Figure 6,

malignancies, such as zanubrutinib

).13,17,18

The exposure-efficacy relationship was evaluated in a patient
population from 1 phase 3 trial (n = 274) with 1 disease histology
(previously untreated CLL) while the exposure-safety analysis was
performed in a pooled patient population across several clinical trials
involving various B-cell malignancies (n = 573). In the exposure-effi-
cacy analysis in patients with previously untreated CLL, no clinically
meaningful relationships were observed between total active expo-
sures and selected efficacy outcomes (including BOR, PFS and change
from baseline in SPD) following treatment with acalabrutinib as mon-
otherapy or in combination with obinutuzumab. The exposure-
efficacy analyses represented a wide range of acalabrutinib/total
active exposures, with an ~3-4-fold difference between the 2.5th
percentile of the first quartile (Q1) and 97.5th percentile of the fourth
quartile (Q4) in AUCy4nss. Similarly, no relationships were observed
between acalabrutinib exposure and incidences of grade 22 AEs,
grade 23 AEs, or select grade 22 AEs of clinical interest following
treatment with acalabrutinib as monotherapy or in combination with

obinutuzumab. The overall safety population represented a wide

range of acalabrutinib exposures with an ~5-fold range between the
2.5th percentile for Q1 and 97.5th percentile of Q4 in AUCyp ss.
Overall, the lack of relationship between exposure and efficacy and
safety outcomes indicates that the acalabrutinib 100-mg BID regimen
elicited strong and consistent therapeutic effects across the wide
range of PK exposures.

These results are consistent with those reported for ibrutinib and
zanubrutinib,®® and indicate a comparable or more favourable risk-
benefit profile for acalabrutinib. For ibrutinib, while no exposure-
driven relationships were identified for individual toxicities (grade >3
neutropenia or grade 23 infections and infestations), a slight increase
in the proportion of patients with any grade 23 AEs was noted with
increasing ibrutinib mean steady-state trough concentrations in
patients with MCL or CLL in 2 pivotal trials.2® Additionally, a popula-
tion PK model of ibrutinib and its metabolite in lymphoid malignancies
demonstrated significantly higher ibrutinib exposure, as measured by
AUC, among patients who discontinued treatment due to toxicity.?!
For zanubrutinib, results from an exposure-response analysis in
patients with MCL, CLL and Waldenstrém macroglobulinemia
suggested no relationships between zanubrutinib exposure and the
probability of experiencing AEs of interest including neutropenia,

thrombocytopenia, anaemia, infections, second primary malignancies,
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FIGURE 5 Adverse events of clinical interest by acalabrutinib AUC,41, ¢s quartiles. Bars represent number of patients, and the percentage of
patients in each group is calculated from the total number of patients within the quartile and noted above the bars. AE, adverse event; AUCy4p s,
area under the concentration-time curve at steady-state conditions for a 24-hour dosing interval; Gr, grade
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FIGURE 6 Plasma concentration-time profiles for BTK inhibitors. PK profiles were simulated using reported population PK models for
acalabrutinib, ACP-5862 and the total active moiety, ibrutinib'” and zanubrutinib.® Total simulated drug concentrations are shown, not
adjusting for differences in protein binding or BTK potency between substrates. BID, twice daily; BTK, Bruton tyrosine kinase; PK,
pharmacokinetic; QD, once daily
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atrial fibrillation/flutter and bleeding events.?? In general, fewer toxic-
ities related to off-target kinase inhibition are expected because of
the increased kinase selectivity of acalabrutinib relative to ibrutinib or
zanubrutinib.*” However, given the overlapping toxicities observed
across BTK inhibitors, some of these events could be related, at least
in part, to the inhibition of BTK rather than off-target kinases.
Because both acalabrutinib and ACP-5862 are irreversible, covalent
inhibitors, the inhibition of B-cell receptor signal transduction is
maintained until functional levels of BTK are restored, following BTK
re-synthesis.'* Administration of 100 mg acalabrutinib BID has been
shown to maintain a near complete and continuous BTK inhibition in
CLL.* Median BTK occupancy of 295% was maintained over 12 hours
in patients with B-cell malignancies following acalabrutinib 100 mg
BID.2 These results, based on measurements conducted in PBMCs, are
consistent across tumour-protective reservoirs such as bone marrow
and lymph nodes.?® Similar results for BTK occupancy have been
reported for ibrutinib (>95% BTK occupancy in PBMCs following QD
regimens) and zanubrutinib (>95% BTK occupancy in PBMCs and lymph
nodes in the majority of patients following 160-mg BID regimen).2425
The current study has a few potential limitations. One limitation
of the analysis is the lack of data assessing the relationship between
accumulated exposure (e.g., accumulated AUC) and safety; however,
it would be unlikely to result in a conclusion different from that in the
current analysis, which assesses the relationship between steady-state
exposure and safety. Cumulative exposure is not as feasible when
pooling data with different durations of treatment; because the data
would need to be normalized to days on treatment or similar, the
results would probably be similar to the steady-state metrics currently
used. The average daily dose across the efficacy/safety populations
was ~200 mg/d and is consistent with the minimal dose reductions,
dose interruptions and discontinuations that were observed due to
AEs. Overall, the observed dose modifications are not expected to
alter the conclusions of the current analysis, and the current strategy
of using exposures predicted at the most prevalent dosing regimen is
considered appropriate. In addition, a multivariate analysis was not
used; however, several efficacy and safety variables were included in
the overall assessments of responses to acalabrutinib exposure. Addi-
tionally, continuous variables were converted into categorical vari-
ables (i.e., cytopenias were assessed by AE grade rather than cell
counts) and patients were classified by the highest observed grade of
laboratory abnormality for the purposes of this study. This conversion
made the results of the assessments more clinically interpretable. The
study was limited to patients who were enrolled in clinical trials; in
real-world practice, the presence of baseline characteristics and/or
concomitant medications that would have excluded a patient from
clinical trial participation could potentially influence the occurrence of
the safety events of interest in the current study. However, as the
study evaluated a large cohort of patients and included multiple B-cell
histologies for the safety analyses, these results can still be considered
applicable to a more general population of patients. Although ACP-
5862 PK data were only available in a subset of patients, the sample
size was considered adequate for characterizing the exposure-
response profile. Finally, this study did not account for the timing of

the events or the possibility that an observed event occurrence could
have resolved with continued treatment. However, these potential

limitations do not impact the overall conclusions of these analyses.

5 | CONCLUSION

No exposure-response relationships were apparent between PK
exposures and efficacy outcomes in patients with untreated CLL or
safety outcomes in patients with B-cell malignancies following treat-
ment with acalabrutinib. Across various phase 2 and 3 studies, the
100-mg BID acalabrutinib regimen has demonstrated an acceptable
safety profile with robust efficacy in patients with CLL>7® Taken
together, these data support the favourable risk-benefit profile of
acalabrutinib 100 mg BID in the treatment of subjects with B-cell

malignancies, including CLL.

TWITTER STATEMENT
In this analysis, acalabrutinib 100 mg twice daily produced robust and

consistent therapeutic effects across the exposure range.
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