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Second-Generation Bruton’s Tyrosine
Kinase Inhibitors: Simply the Best Treatments for
Chronic Lymphocytic Leukemia?
Deborah M. Stephens, DO1

Ibrutinib is the oral, covalently binding inhibitor of
Bruton’s tyrosine kinase (BTK) that revolutionized
therapy for patients with chronic lymphocytic leukemia
(CLL). Ibrutinib’s significant efficacy and enhanced
tolerability compared with standard chemo-
immunotherapy regimens were driving factors in the
shift to targeted therapies as the preferred CLL treat-
ment option for most patients.1-3 For a period, ibrutinib
was considered optimal therapy for many patients with
CLL. As ibrutinib is intended to be taken continuously
for an indefinite period, tolerability of the drug is quite
important. With longer follow-up, notable toxicities
were documented for patients with CLL, including
atrial fibrillation (11%-16%) and hypertension (20%-
26%).1,2 Toxicities were cited as the cause of ibrutinib
discontinuation in up to 28% of patients in phase III
studies.1 With the goals of maintaining the efficacy
seen with ibrutinib but reducing toxicity through more
selective BTK inhibition, second-generation BTK in-
hibitors were developed.

Acalabrutinib is an oral covalently binding BTK in-
hibitor that is approved by the US Food and Drug
Administration (FDA) for marketing in the treatment of
CLL. This approval was based on acalabrutinib’s ability
to prolong progression-free survival (PFS) when
compared with standard chemoimmunotherapy regi-
mens in phase III studies.4,5 Acalabrutinib discontin-
uations because of toxicity were only seen in up to 11%
of patients in these studies.4,5 It was hypothesized that
acalabrutinib would have similar efficacy and less
toxicity to ibrutinib. Therefore, a direct head-to-head
comparison was undertaken.

In the article accompanying this editorial, ELEVATE
RR study is a phase III, randomized, open-label,
noninferiority study with a primary end point of inde-
pendent review committee-assessed noninferiority of
PFS between acalabrutinib and ibrutinib.6 The study
enrolled 533 patients with previously treated CLL and
prognostic factors of del(17p) (45%) and/or del(11q)
(64%), which were both considered high-risk factors
at the time of study design [Del(11q) has since
been associated with favorable prognosis in the
setting of ibrutinib therapy.7] After a median follow-up
41 months, acalabrutinib was found to be noninferior

to ibrutinib with median PFS of 38.4 months in both
arms (hazard ratio, 1.00). As anticipated, toxicities
were experienced less by patients receiving acalab-
rutinib, including diarrhea, arthralgia, bruising, muscle
spasm, and dyspepsia. Especially notable, atrial fi-
brillation and hypertension occurred less frequently with
acalabrutinib.

Incidence of any grade atrial fibrillation was lower with
acalabrutinib (9.4% v 16.0%; P5 .02). De novo cases
of atrial fibrillation were 2.4 times higher in patients
receiving ibrutinib. The mechanism underlying
ibrutinib-induced atrial fibrillation is not completely
understood. Proposed mechanisms are off-target in-
hibition of cardiac phosphoinositide 3-kinase or re-
ceptor tyrosine-protein kinase erbB-2 (human
epidermal growth factor receptor 2).8-11 Regardless of
mechanism, it is known that atrial fibrillation increases
the risk of all-cause and cardiovascular mortality.
Therefore, it is important to limit the risk of atrial fi-
brillation in patients with CLL.12

Medical management of atrial fibrillation not only in-
volves rate control, but also prophylactic anti-
coagulation. Ibrutinib has been associated with
bleeding of any grade in approximately 40% of patients
receiving therapy.13 BTK (along with other Tec family
kinase members) is involved in platelet aggregation via
glycoprotein signaling.14-16 Blockade of BTK de-
creases platelet adhesion on von Willebrand factor.17

In early ibrutinib clinical trials, some patients receiving
warfarin and ibrutinib experienced severe hemorrhage
(including subdural bleeding). Therefore, it is strongly
recommended not to use warfarin in combination with
ibrutinib.18 In the ELEVATE RR study, all-grade
bleeding events were experienced less frequently in
patients receiving acalabrutinib (38%) compared with
ibrutinib (51%). Warfarin use was an exclusion cri-
terion for this study, but the reduced risk of bleeding
seen with acalabrutinib makes this a slightly safer
choice for patients who need other anticoagulants
secondary to atrial fibrillation or other causes.

The incidence of hypertension was lower in patients
receiving acalabrutinib (9%) versus ibrutinib (23%).
Themechanism of hypertension is not well understood
at this time. Hypertension is a particularly important
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toxicity to avoid as ibrutinib-related hypertension has been
associated with increased rates of morbidity and
mortality.19

Overall, on the ELEVATE RR study, discontinuations of
treatment because of adverse events occurred less fre-
quently in acalabrutinib-treated patients (15%) than in
ibrutinib-treated patients (21%). In the management of
CLL, is acalabrutinib simply the best? Is it better than all
the rest? There are other notable contenders for this
designation.

Zanubrutinib is another oral covalently binding selective
BTK inhibitor that has been approved by the US FDA for
marketing in the treatment of mantle cell lymphoma, but
not yet for CLL. The ASPEN study was a phase III study
comparing treatment with zanubrutinib versus ibrutinib for
patients with relapsed or refractory Waldenstrom macro-
globulinemia.20 After a median follow-up of 33 months, this
study found no statistically significant difference in re-
sponse rates, duration of response, PFS, or OS between the
two agents. Notably, atrial fibrillation, bruising, bleeding,
diarrhea, edema, muscle spasm, and pneumonia were all
experienced less commonly in patients who received
zanubrutinib versus ibrutinib. Only 2% of patients receiving
zanubrutinib experienced any grade of atrial fibrillation in
contrast to 15% of those receiving ibrutinib (one-sided
P 5 .002). Adverse events leading to treatment discon-
tinuation were numerically less common in patients re-
ceiving zanubrutinib (4%) versus ibrutinib (9%). The study
concluded that in the treatment of patients with Walden-
strom macroglobulinemia, zanubrutinib led to similar effi-
cacy and less toxicity.20

Early data from a similar study (ALPINE) comparing
zanubrutinib to ibrutinib in the treatment of patients with
relapsed or refractory CLL were presented at the 2021
European Society of Hematology Meeting.21 The authors
concluded that zanubrutinib was actually superior to
ibrutinib in terms of both efficacy and safety. Similarly, this
study found that the incidence of all-grade atrial fibrillation
was lower in patients treated with zanubrutinib (3%) versus
ibrutinib (10%; two-sided P5 .0014).21 Generally, the rates
of atrial fibrillation in both arms were lower than what was
seen in the ELEVATE RR study, potentially secondary to
shorter follow-up. Incidence of discontinuation secondary
to adverse events was also numerically lower in patients
receiving zanubrutinib (8%) versus ibrutinib (13%). There
are several notable differences in the ALPINE study and the
ELEVATE RR study for patients with CLL including study
design, patient population, and length of follow-up
(Table 1).

1. Study design: The ALPINE study was designed to
detect superiority of zanubrutinib with a primary end
point of overall response rate (ORR: including only
complete remission and partial remission, but not
partial remission with lymphocytosis). This study found

that the ORR of zanubrutinib (78%) was higher
compared with ibrutinib (63%; two-sided P 5 .0006).
In the ELEVATE RR study, the ORR of acalabrutinib
and ibrutinib was 81% and 77%, respectively.

2. Study population: The ALPINE study enrolled all-
comers with relapsed or refractory CLL, whereas the
ELEVATE RR only enrolled patients considered to have
high-risk disease [del(17p) or del(11q)]. Twelve per-
cent and 45% of patients enrolled on ALPINE and
ELEVATE RR had del(17p), respectively.

3. Length of follow-up: At the time of presentation, the
ALPINE study had a much shorter median follow-up of
15 months compared with 41 months in the ELEVATE
RR study. The length of follow-up may alter inter-
pretation of the ALPINE study authors’ statement that
zanubrutinib prolongs PFS in this population com-
pared with ibrutinib. The study reported that estimated
1-year PFS was 95% in zanubrutinib-treated patients
versus 84% in ibrutinib-treated patients (hazard ratio,
0.4 [95% CI, 0.23 to 0.69]; P 5 .0007). After
40 months of follow-up, the ELEVATE RR study re-
ported equivalent PFS between acalabrutinib and
ibrutinib. However, if you look closely at Figure 2A,
there is a separation of the PFS curves with an ad-
vantage to acalabrutinib over ibrutinib starting at about
9 months and concluding at about 33 months, where
the PFS curves overlap. Longer follow-up of the AL-
PINE study is needed to determine if the same
overlapping zanubrutinib and ibrutinib curves will be
seen over time.

The results of the ALPINE study and the ELEVATE RR study
indicate that both of the more selective BTK inhibitors,
zanubrutinib and acalabrutinib, demonstrate a favorable
toxicity profile and at least equivalence in terms of efficacy
when compared with ibrutinib in patients with relapsed and
refractory CLL. Although patients with previously treated
CLL and in the ELEVATE RR study had del(17p) or del(11q)
were included, these results can likely be extrapolated to
other subgroups of patients with CLL. These results beg the
question, in which patients would you still select ibrutinib,
acalabrutinib, or zanubrutinib? At the time of manuscript
preparation, zanubrutinib is not FDA-approved for mar-
keting in CLL, but this may change over the coming year.
Patients who would clearly benefit from ibrutinib over
acalabrutinib or zanubrutinib are those who can be more
compliant with a once-daily dosing (ibrutinib) than twice-
daily dosing (acalabrutinib and zanubrutinib) and those
who have severe gastroesophageal reflux requiring proton-
pump inhibitor therapy (interferes with absorption of aca-
labrutinib). At this time, there are more data specifically
for patients with TP53 mutations and younger patients
using ibrutinib, which are potential subgroups that could
benefit from ibrutinib over acalabrutinib, but this may
become more clear with longer follow-up of current
studies.3,22 The general length of follow-up data for patients
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with CLL receiving ibrutinib is also much longer at this time
(over 8 years) compared with patients with CLL receiving
acalabrutinib or zanubrutinib (3-4 years).5,23,24 Of course, any
benefit of receiving ibrutinib should be balanced with the
potential risk of adverse events experienced over the long
period of ibrutinib exposure possible in patients.

To avoid adverse effects that are commonly associated with
BTK inhibitors, there are additional available therapies that
are also alternatives to BTK inhibitors, including venetoclax,
phosphoinositide 3-kinase inhibitors, and noncovalent BTK
inhibitors (such as pirtobrutinib and ARQ531).25-28 Addi-
tional therapeutic strategies include combination with BTK
inhibitors with venetoclax with a goal of time-limited ther-
apy, which could reduce adverse effects seen over time.29

Detailed discussion of these alternative therapies and
strategies are outside the scope of this article.

In summary, the ELEVATE RR study is a bold comparison of
ibrutinib and acalabrutinib in patients with relapsed or
refractory CLL. The study found that acalabrutinib was not
inferior to ibrutinib in terms of PFS and has amore favorable
safety profile. The list of patients in whom ibrutinib is
preferable over acalabrutinib is becoming smaller. The
ongoing ALPINE study is a similar comparison of zanu-
brutinib and ibrutinib in patients with relapsed or refractory
CLL. The list of efficacious and tolerable medications for the
treatment of CLL continues to grow. Which agent is simply
the best therapy for patients with CLL? Time and further
studies hope to better answer this question.
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