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Abstract: Recently, the treatment landscape for chronic lymphocytic leukemia (CLL) has

changed dramatically due to the development of drugs targeting proteins in the B cell antigen

receptor (BCR) pathway. Acalabrutinib, a second-generation Bruton’s tyrosine kinase (BTK)

inhibitor, was recently FDA approved for treatment of treatment naïve and relapsed refrac-

tory CLL. Acalabrutinib was designed as a more selective BTK inhibitor as compared to

ibrutinib in an attempt to mitigate some of the treatment limiting toxicities seen with

ibrutinib such as atrial fibrillation and bleeding. In preclinical studies, acalabrutinib was

demonstrated to have efficacy in CLL in both patient blood samples and murine models.

A multinational phase 1/2 study demonstrated the efficacy and safety of acalabrutinib

monotherapy in treatment naïve, relapsed refractory and ibrutinib-intolerant CLL patients.

Subsequent phase 3 studies, ASCEND and ELEVATE-TN, compared acalabrutinib mono-

therapy or combination acalabrutinib and obinutuzumab to standard of care treatments and

demonstrated acalabrutinib’s improved efficacy and tolerability. Currently, a phase 3 study is

ongoing to compare acalabrutinib to ibrutinib monotherapy (NCT02477696). In the setting of

recent FDA approval, real-world evidence will help to elucidate the optimal use of acalab-

rutinib in the treatment of CLL.
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Introduction
Chronic lymphocytic leukemia (CLL), the most common adult leukemia, is a clonal

neoplasm composed of monomorphic small mature B cells that coexpress CD5 and

CD23.1 The landscape of treatment of CLL has changed dramatically in recent

years. Drugs targeting proteins in the B cell antigen receptor (BCR) pathway, such

as ibrutinib, have demonstrated improvement in progression free and overall survi-

val, including in patients with high-risk disease.2–4 Although these drugs have

revolutionized the treatment paradigm in patients with CLL, treatment exposure

and intensity with ibrutinib can be limited due to the side-effect profile and

treatment-related toxicities.5,6 Acalabrutinib, a second generation and more selec-

tive Bruton’s tyrosine kinase (BTK) inhibitor, was developed to maximize efficacy

while minimizing ibrutinib-associated adverse events hypothesized to be secondary

to ibrutinib’s off-target effects.7–9 This review will summarize the development,

pre-clinical evaluation, and key clinical trials that have demonstrated acalabruti-

nib’s efficacy and toxicity profile in CLL.
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Role of Bruton’s Tyrosine Kinase
Inhibitors in CLL
BCR signaling is integral in the proliferation and survival

of B lymphocytes. Several downstream protein kinases

such as BTK are critical in the BCR signaling

cascade.10–12 Inactivating mutations in the BTK gene

result in X-linked agammaglobulinemia.10,13,14 Patients

with X-linked agammaglobulinemia have severe reduction

in B cells with hypogammaglobulinemia, highlighting the

importance of BTK on normal B cell development.13,15

BTK is essential for activation of several pathways that

promote lymphocyte survival including Akt, extracellular

signal-regular kinase, and NF-κb pathways.10,12,14,16 BTK

also has an important role in chemokine secretion, speci-

fically CCL3 and CCL4, and adhesion of B cells, through

activation of phospholipase C-γ2.7,10,14 Due to the influ-

ence of BTK on cell proliferation and survival, it is an

attractive target for inhibition to treat diseases such as CLL

and other B-cell lymphomas.

Several BTK inhibitors are currently commercially avail-

able or in development for treatment of CLL. Three BTK

inhibitors are currently approved by the FDA: ibrutinib,

acalabrutinib, and zanubrutinib. Ibrutinib is a first generation,

irreversible BTK inhibitor that was approved in 2013.2,17,18

Ibrutinib has been studied extensively for treatment of CLL

and is currently standard of care for treatment of treatment

naïve and relapsed refractory CLL.2,17,18 Acalabrutinib,

a second generation, irreversible BTK inhibitor, was devel-

oped as a selective BTK inhibitor to avoid the off-target side

effects seen ibrutinib.7–9 Zanubrutinib, a next-generation,

irreversible BTK inhibitor, was developed as a selective

BTK inhibitor and has received approval for treatment of

relapsed refractory mantle cell lymphoma.19 Studies are

ongoing in evaluating the drug’s safety and efficacy in

CLL.20

Development of Acalabrutinib
Acalabrutinib, formerly known as ACP-196, is an orally

administered second generation, small-molecule irreversi-

ble inhibitor of BTK that covalently binds to Cys481.7

Acalabrutinib was developed as a selective BTK inhibitor

when compared to ibrutinib with the goal of achieving

similar therapeutic outcomes in patients with CLL without

the off-target effects on other kinases such as TEC, EGFR,

and ITK.7–9 Several pre-clinical studies have demonstrated

the efficacy of acalabrutinib inhibition of BTK is similar to

that seen with ibrutinib. These findings led to a phase 1/2

study to evaluate the efficacy and side-effect profile of

acalabrutinib in CLL. At 42 months of follow-up, the side-

effect profile appeared manageable (headache, diarrhea

and upper respiratory tract infections) and there were few

discontinuations due to adverse events.21 Subsequent

phase 3 trials, ELEVATE-TN and ASCEND, led to the

FDA approval of acalabrutinib for treatment of CLL and

SLL.22,23

A treatment dose of 100 mg twice daily was considered

the optimal dosage. At this dosing, acalabrutinib was

demonstrated to bind to the C481 residue with evidence

of complete BTK occupancy (99–100%) 4 hrs after dosing

and 97% occupancy at 12 hrs post-dose.7,24 At increased

dosing (200 mg BID), the BTK occupancy demonstrated

higher interpatient variability (median BTK occupancy of

92% at trough with only 66% of patients >90%).24

Preclinical Studies of Acalabrutinib
in CLL
Several preclinical studies demonstrated the efficacy of

acalabrutinib on BTK inhibition. When tested on human

whole blood, acalabrutinib had equipotent BTK inhibition

as compared to ibrutinib.24 Ibrutinib was found to cause

increased apoptosis of CLL cells as compared to acalab-

rutinib, which could be explained by the off-target effects

of ibrutinib.25 Acalabrutinib had less of an effect on

healthy T cells likely due to its selectivity compared to

ibrutinib.25

The anti-tumor effects of acalabrutinib were evaluated in

two murine CLL models: a TCL1 adoptive transfer model

and a xenografted human CLL model. Acalabrutinib was

demonstrated to inhibit BCR signaling and treatment with

acalabrutinib was associated with a significant increase in

survival compared with untreated mice (median 81 days vs

59 days, p = 0.02).26 Acalabrutinib also caused a significant

reduction in proliferating cells and total tumor burden in the

spleen.26

Acalabrutinib’s interaction with anti-CD20 monoclonal

antibodies has also been evaluated. Ibrutinib may interfere

with several of the mechanisms of action of the anti-CD20

antibodies specifically inhibiting antibody-dependent cel-

lular cytotoxicity and phagocytosis which may decrease

their anti-tumor effect.27 Golay et al evaluated the effects

of acalabrutinib on antibody-dependent cellular cytotoxi-

city and phagocytosis and found that it did not interfere

with these processes, likely due to the minimal off-target

effects of acalabrutinib.27 Although the combination of
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acalabrutinib with an anti-CD20 monoclonal antibody has

not been study in an in vivo model, several phase 2 and

phase 3 studies are ongoing or have been completed that

demonstrate the efficacy of acalabrutinib in combination

with an anti-CD20 monoclonal antibody.23,28–30

Other acalabrutinib combinations have been studied in

both in vitro and in vivo models. Acalabrutinib was com-

bined with a PI3Kdelta inhibitor (ACP-319) in a murine

CLL model and demonstrated greater reduction in tumor

proliferation, NF-KB signaling and expression of BCL-xL

and MCL-1 as compared to monotherapy.31 Blood samples

obtained from CLL patients not enrolled in a clinical trial

were treated with acalabrutinib and venetoclax.32 This

combination was demonstrated to have increased apoptosis

when compared to either drug alone, suggesting

a synergistic relationship similar to that seen with ibrutinib

and venetoclax.32 A subsequent in vivo experiment demon-

strated prolonged survival in mice treated with both acalab-

rutinib and venetoclax as compared to either drug alone.32

Acalabrutinib Monotherapy
The first trial evaluating acalabrutinib in CLL, ACE-CL

-001, was initially published by Byrd et al in 2016.7 This

was a phase 1/2, multicenter, multinational clinical trial

conducted to assess whether selective targeting of BTK by

acalabrutinib would be effective without the ibrutinib-

related toxicities that led to ibrutinib discontinuation.

Patients were eligible for the trial if they had a diagnosis

of relapsed CLL or small lymphocytic leukemia (SLL),

a need for treatment, and had received at least one prior

therapy for CLL or were treatment naïve (did not want to

receive chemoimmunotherapy or had a comorbidity that

precluded chemoimmunotherapy). The study was designed

with an initial dose escalation to determine the maximum

tolerated dose, pharmacodynamics and pharmacokinetics.

A subsequent dose expansion was completed to evaluate

the overall response rate, progression-free survival and

long-term side-effect profile. The dose chosen for the

expansion phase was 100 mg twice daily. Patients enrolled

in this study were analyzed in several cohorts including

relapsed, treatment naïve, and ibrutinib-intolerant.

In total, 134 patients were treated in the relapsed

cohort; 99 patients were treated in the treatment-naïve

cohort; 33 patients were treated in the ibrutinib-intolerant

cohort. The patient characteristics were similar between

the cohorts. The median age of the three cohorts was 66

years old (range, 42–85), 64 years old (range, 33–85) and

64 years old (range, 50–82), respectively. More than half

of patients in each of the cohorts had unmutated immuno-

globulin variable-region heavy-chain gene (IGVH; 73%

[n = 81] in relapsed, 62% [n = 57] in treatment-naïve,

81% [n = 25] in ibrutinib intolerant). Fewer patients in the

treatment naïve cohort (10%, n = 9) had chromosome

17p13.1 deletion (del17p) as compared to the relapsed

cohort (23%, n = 27) and ibrutinib intolerant cohort

(38%, n = 12). Patients in the relapsed cohort had

a median of two prior therapies (range, 1–13); patients in

the ibrutinib intolerant cohort were heavily pretreated with

a median of 4 prior therapies (range, 2–13).

The overall response rates (ORR) in the relapsed cohort

and treatment naïve cohorts were similar. The ORR in the

relapsed cohort was 94% (complete response in 4%, partial

response in 84%, and partial response with lymphocytosis in

6%) and the ORR in the treatment naïve cohort was 95%

(complete response in 32% [n = 6], partial response in 63%

[n = 12]). Patients in the ibrutinib intolerant group had an

ORR of 76% (complete response [n = 1], partial response [n =

19], and partial response with lymphocytosis [n = 5]); four

patients (12%) in this cohort have discontinued therapy due to

progressive disease (Richter transformation in 2 patients). In

cross-trial comparison with similar follow up, when compared

to ibrutinib monotherapy the overall response rates with aca-

labrutinib in the relapsed and treatment naïve cohorts

appeared to be higher. Relapsed patients treated with ibrutinib

had an ORR of 90% (complete response in 7% [n = 7], partial

response in 80% [n = 81] and PR-l in 3% [n = 3]).3 Treatment

naïve patients treated with ibrutinib monotherapy had an ORR

of 86% (complete response in 4%, complete response with

lymphoid nodules in the bone marrow in 1%, partial response

in 77%, partial response with lymphocytosis in 4%).2

Adverse events were similar for acalabrutinib in

patients treated in the front line, relapsed and ibrutinib

intolerant settings. Acalabrutinib was overall well-

tolerated and most adverse events were grade 1 or 2. The

most common adverse events included headache (46% in

relapsed, 44% in treatment naïve, 39% in ibrutinib intol-

erant), diarrhea (52% in relapsed, 47% in treatment naïve,

58% in ibrutinib intolerant), and upper respiratory tract

infection (36% in relapsed, 33% in treatment naive, 24%

in ibrutinib intolerant). Grade 3 or greater adverse events

were infrequent and included neutropenia (14% in

relapsed, 7% in treatment naive, 12% in ibrutinib intoler-

ant), pneumonia (11% in relapsed, 4% in treatment naive,

6% in ibrutinib intolerant), and hypertension (7% in

relapsed, 3% in treatment naïve, 6% in ibrutinib intoler-

ant). Atrial fibrillation was infrequent across the three
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cohorts occurring in 7% in the relapsed cohort, 6% in the

treatment naïve cohort, and 6% in the ibrutinib intolerant

cohort. Grade 1 or 2 bleeding occurred in all cohorts; rare

serious (grade 3 or greater) bleeding was reported in four

patients in the relapsed cohort, two patients in the treat-

ment naïve cohort, and one patient in the ibrutinib intol-

erant cohort.

The side-effect profile seen with acalabrutinib appeared

similar to that seen with ibrutinib. Common side effects that

were reported with ibrutinib also included diarrhea. The most

common grade 3 or higher adverse event was neutropenia,

similar to that seen in ACE-CL-001. The rates of atrial

fibrillation with ibrutinib were higher than those reported

with acalabrutinib. Atrial fibrillation (grade 3 or higher)

was reported in 6% of patients treated with ibrutinib com-

pared with 3% of patients treated with acalabrutinib.3 Serious

bleeding events (grade 3 or higher) were more common with

ibrutinib occurring in 8% of patients as compared to 3% in

patients treated with acalabrutinib.3,21

In the first head-to-head comparison of B cell receptor

signal transduction antagonists, acalabrutinib monotherapy

has been compared to idelalisib plus rituximab or bend-

amustine and rituximab in the phase 3 ASCEND trial.22

Patients were eligible for this trial if they had relapsed

refractory CLL. A total of 310 patients were randomized

to receive acalabrutinib (n = 155) or idelalisib plus ritux-

imab or bendamustine and rituximab (n = 155). The med-

ian age was 67 years old (range, 32–90). Sixteen percent

had del17p; 42% had Rai stage III/IV. Discontinuation due

to adverse events was highest in the idelalisib plus ritux-

imab group (49%) versus 11% in acalabrutinib group. The

12-month progression free survival rates were 88% for

acalabrutinib and 68% for idelalisib plus rituximab or

bendamustine and rituximab. The 12-month overall survi-

val rates were 94% for the acalabrutinib and 91% idelali-

sib plus rituximab or bendamustine and rituximab groups.

Patients were allowed to cross over to acalabrutinib in this

study; a total of 23% of patients crossed over. All grade

adverse events included headache (22%), neutropenia

(19%), diarrhea (18%), anemia (15%) and cough (15%).

Grade 3 or higher adverse events included neutropenia

(16%), anemia (12%), and pneumonia (5%). This study

demonstrated that acalabrutinib had a better safety profile

than idelalisib plus rituximab.

Acalabrutinib Combinations
In a recent phase 2 single arm study, the efficacy and

safety of triple therapy with acalabrutinib, venetoclax and

obinutuzumab was evaluated.28 Patients were sequentially

started on acalabrutinib (28 day lead-in), obinutuzumab (2

cycles of AO), and venetoclax (ramp beginning in C4)

followed by 3 additional cycles of AVO. Obinutuzumab

was continued for 6 months; acalabrutinib and venetoclax

were continued through cycle 15. A total of 37 patients

were enrolled on this trial with a median age of 63 years

old (range, 41–78). Sixty-two percent (n = 23) of patients

have unmutated IGVH; 27% (n = 10) had TP53 aberrant

disease (either del17p and/or TP53 mutation). The ORR

for 24 patients who have completed re-staging at cycle 8 is

100% (complete response in 25% [n = 5], partial response

in 75% [n = 18]). Adverse events included fatigue (81%)

and headache (76%). The most frequent grade 3 or higher

adverse event reported is neutropenia (32% grade 3+). One

patient had grade 3 atrial fibrillation and no cases of

hemorrhage have been reported.

In the phase 3 ELEVATE-TN study, patients with

treatment naïve CLL requiring treatment were randomized

in a 1:1:1 fashion to receive acalabrutinib alone or in

combination with obinutuzumab or obinutuzumab plus

chlorambucil.23 A total of 535 patients was randomized

with a median age of 70 years old (range, 41–91). The

study included a significant proportion of high-risk or

very high-risk patients based on CLL international prog-

nostic index score (69% were high-risk, 12% were very

high-risk). PFS has not been reached for the acalabrutinib

and the acalabrutinib plus obinutuzumab groups.

Obinutuzumab plus chlorambucil had a progression-free

survival of 22.6 months (p < 0.0001) and was consistent

with the median PFS reported in the CLL11 study.33

Median overall survival has not been reached in any

arm. The ORR for acalabrutinib plus obinutuzumab was

94%, for acalabrutinib was 85% and for obinutuzumab

plus chlorambucil was 79%. Adverse events in the aca-

labrutinib groups included headache (any grade, 40% in

acalabrutinib plus obinutuzumab, 37% acalabrutinib),

diarrhea (any grade, 39% in acalabrutinib plus obinutuzu-

mab, 35% in acalabrutinib), neutropenia (any grade, 31%

in acalabrutinib plus obinutuzumab, 11% in acalabruti-

nib), nausea (any grade, 20% in acalabrutinib plus obinu-

tuzumab, 22% in acalabrutinib). Atrial fibrillation

occurred in 3% of patients in the acalabrutinib plus obi-

nutuzumab and 4% of patients in the acalabrutinib.

Bleeding events (any grade) occurred in 43% of patients

in the acalabrutinib plus obinutuzumab and in 39% of

patients in the acalabrutinib group, with 2% bleeding

events classified as grade 3 or higher. Hypertension
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(grade 3 or higher) occurred in 3% in the acalabrutinib

plus obinutuzumab group and 2% in the acalabrutinib

group. This study allowed crossed over to the acalabruti-

nib group for patients in the chlorambucil plus obinutu-

zumab group at disease progression.

Future Studies
From the reported current clinical trials, it appears that

acalabrutinib is safe and effective in the front line and

relapsed refractory settings in the management of patients

with CLL. While it is tempting to speculate that acalabru-

tinib has similar efficacy to ibrutinib with a favorable side-

effect profile, we note that no head-to-head comparative

data between acalabrutinib and ibrutinib are available at

this time and we caution such conclusions. An ongoing

phase 3 trial which has completed enrollment, ELEVATE-

RR (ACE-CL-006, NCT02477696), is evaluating acalab-

rutinib versus ibrutinib in previously treated, high-risk

patients. Patients were included in this trial if they had

del17p, del11q or both, active disease or one or more of

the iwCLL 2008 criteria for requiring treatment, and had

received at least 1 prior therapy for CLL. The primary

outcome for this trial is 36 months progression-free survi-

val. Secondary outcomes include treatment-emergent

grade 3 or greater infections, incidence of Richter’s trans-

formation, incidence of atrial fibrillation, and overall sur-

vival all evaluated at 36 months. Of note, since the study is

not powered to show superiority of either agent and toxi-

city is a secondary endpoint, it may not fully address these

data gaps regarding differences in efficacy and safety

between these two agents.

Several other trials are also on going evaluating aca-

labrutinib with obinutuzumab and acalabrutinib with obi-

nutuzumab and venetoclax. In the phase 2 MC168E study

(NCT03516617), patients with high-risk early stage CLL

were randomized to receive acalabrutinib with or without

obinutuzumab.29 Patients are considered eligible for

enrollment in the study if they are previously untreated

and have early-stage CLL that does not meet 2018 iwCLL

guidelines for treatment but are classified as high (4–6) or

very high risk (7–10) using the CLL International

Prognostic Index. The study will evaluate minimal residual

disease negativity as its primary endpoint. A total of 28

patients have been enrolled; trial enrollment is ongoing.

In the phase 3 CL-311 (NCT03836261), patients with

previously untreated CLL without del17p or TP53 mutation

will be randomized to one of three arms: acalabrutinib and

venetoclax; acalabrutinib, venetoclax and obinutuzumab; or

chemoimmunotherapy (fludarabine/cyclophosphamide/rituxi-

mab or bendamustine/rituximab).30 The primary outcome for

this study will be progression-free survival (evaluated by an

independent review committee) of arm A compared to arm

C. The trial is anticipating to enroll 780 patients; trial enroll-

ment is ongoing. Ongoing clinical trials with acalabrutinib are

listed in Table 1.

Conclusions
In summary, the studies described demonstrate that aca-

labrutinib has significant efficacy in treatment of CLL,

both treatment naïve and relapsed refractory. It is unclear

whether the efficacy is equivalent or superior to ibrutinib

and studies are ongoing in an attempt to further compare

these agents. Although classic BTK-associated toxicities

such as bleeding or atrial fibrillation events are relatively

infrequent events, acalabrutinib does have a unique AE

profile, particularly headache, which require careful mon-

itoring and expertise in management. Data from ongoing

studies evaluating combinations with acalabrutinib will

help to further define its role in the management of CLL.

Finally, with FDA approval, real-world experience with

acalabrutinib will help to further define the toxicity

profile.34

Table 1 Current Clinical Trials with Acalabrutinib

NCI ID Agents Patient Population Status

NCT03580928 Acalabrutinib + Venetoclax + Obinutuzumab TN CLL Recruiting

NCT03788291 Acalabrutinib + Rituximab TN CLL Recruiting

NCT03836261 Acalabrutinib + Venetoclax ± Obinutuzumab TN CLL Recruiting

NCT03328273 Acalabrutinib + AZD6738 R/R CLL Recruiting

NCT03787264 Bendamustine + Acalabrutinib + Venetoclax + Obinutuzumab R/R CLL Recruiting

NCT02477696 Acalabrutinib versus Ibrutinib R/R, high risk CLL Active, not recruiting

NCT03516617 Acalabrutinib ± Obinutuzumab Early-stage, high risk CLL Recruiting

Abbreviations: TN, treatment naïve; CLL, chronic lymphocytic leukemia; R/R, relapsed/refractory.
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