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Chronic lymphocytic leukemia (CLL) therapy has recently undergone a
revolution with the introduction of a new class of drugs: covalent
Bruton's tyrosine kinase inhibitors (cBTKi), paving the way for a
chemotherapy-free approach.!™ Presently, cBTKi can be utilized in
the first line of CLL management, thanks to the results of phase IlI
clinical trials such as RESONATE-2 and ELEVATE-TN, which de-
monstrated the superiority of Ibrutinib over chemotherapy with
chlorambucil® and acalabrutinib over chemoimmunotherapy with
chlorambucil + obinutuzumab,® in terms of progression-free survival
(PFS) in both cases. Ibrutinib exhibited better PFS, overall survival
(OS), and overall response rate than the monoclonal anti-CD20 an-
tibody ofatumumab in previously treated patients with CLL.” Ad-
ditionally, the ASCEND study, another phase Il randomized clinical
trial, demonstrated that acalabrutinib significantly improved PFS
compared to a physician's choice of Idelalisib + rituximab or bend-
amustine + rituximab, in patients with relapsed/refractory CLL.®

BTK plays a pivotal role in B-cell receptor (BCR) signal transduc-
tion,” stimulating important pathways such as NFKB%1? and CXCR4.12
Consequently, BTK is involved in B-cell survival, proliferation, and
adhesion, while its activation promotes B-cell proliferation.*® Para-
doxically, ibrutinib has shown to increase absolute lymphocyte count
(ALC) in the initial phase of treatment, regardless of previous lines of
therapy. lbrutinib-induced lymphocytosis may be explained by the re-
distribution of lymphocytes from neoplastic nodal compartments into
the peripheral blood.* Furthermore, it was noted that Ibrutinib-
induced lymphocytosis is transient in most patients, resolving within 8
months, but may rarely persist for over 12 months without impacting
survival.'* This evidence led to the introduction of a new criterion in
the assessment of CLL therapy response: partial response with lym-
phocytosis (PR-L).*> Subsequently, the kinetics of lymphocytosis in CLL
treated with ibrutinib monotherapy showed that lymphocytosis oc-
curred in the majority of patients treated in first line was higher in
immunoglobulin variable heavy chain (IGHV) mutated settings and
resolved in 95% of patients after a median of 18.4 months.*¢

Little is known about frequency and duration of lymphocytosis in
patients treated with the second-generation cBTKi acalabrutinib.
Therefore, the aim of this study is to outline the kinetics of lym-
phocytosis in CLL patients treated with acalabrutinib compared to
ibrutinib.

We conducted a multicenter retrospective real-life study invol-
ving 17 ltalian centers. The study was carried out according to the
Helsinki Declaration, Good Clinical Practice, and the applicable
national regulations and approved by the local ethical committee. All
patients provided written informed consent. The primary endpoint
was to define the kinetics of lymphocytosis in naive patients treated
with acalabrutinib monotherapy compared to those treated with
ibrutinib, over a 12-month observational period. We included patients
receiving therapy with ibrutinib or acalabrutinib, in the first line
at the target dose of 420 mg/day for ibrutinib and 200 mg/day for
acalabrutinib.

We enrolled 204 patients divided into two arms: the ibrutinib arm
(n=1836) and the acalabrutinib arm (n=68). The median age was
73 years for the ibrutinib arm and 71 for the acalabrutinib arm. For
each patient, we defined the clinical and biological features of disease
at baseline, including IGHV mutational status, chromosomal ab-
normalities by FISH, and molecular biology mutations. At baseline, we
considered stage, lymph node involvement, and the presence of
splenomegaly. Clinical characteristics and molecular features are
reported in Table 1.

Subsequently, we assessed the ALC through serial blood count
tests at baseline and at different time points: 2 weeks, 1 month,
2 months, 3 months, 6 months, 9 months, and 12 months after the
start of treatment. We calculated the median ALC, expressed both in

terms of cells/mm® and as a percentage compared to the baseline, at
each time point. For statistical analysis, we used the Mann-Whitney
test to compare median ALC values, considering only those with a
p-value < 0.05 as statistically significant.

We observed that in the ibrutinib group (IBR), the median ALC at
baseline was 63,270/mm?, while in the acalabrutinib group (ACALA),
it was 82,905/mm°>. Median ALC peaked at two weeks in both arms
and then immediately began to decline, reaching the baseline level at
1 month. From Month 1 to Month 12 ALC steadily declined, reaching
a normal lymphocyte count (<4000/mm?®, according to iwCLL
guidelines) at Month 12 for ACALA. ACALA exhibited lower ALC from
Month 6 to Month 12 compared to IBR. At Month 12, IBR did not

TABLE 1 Clinical and molecular features of patients treated with ibrutinib
(IBR) or acalabrutinib (ACALA).

IBR (136) ACALA (68)

Clinical and molecular features N (%) N (%) p-Value
Age Median years 73 71 0.593
Gender Female 54 (40) 23 (34)

Male 82 (60) 45 (66) 0.413
Stage Low 79 (58) 32 (47)

High (IlI-IV/C) 57 (42) 36 (53) 0.136
Binet A 20 (15) 34

B 63 (46) 29 (43)

C 53 (39) 36 (53) 0.040
Lymphonode No nodes 11 (8) 3(4)

burden < 80 (59) 38 (56)

5-10 27 (20) 19 (28)

>10 18 (13) 8(12) 0.340
Lymphonodes Absent 11 (8) 3(4)

Present 125 (92) 65 (96) 0.327
Lymphonodes Up to 5cm 91 (67) 41 (60)

Over 5¢cm 45 (33) 27 (40) 0.351
Lymphonodes Up to 10cm 118 (87) 60 (88)

Over 10cm 18 (13) 8(12) 0.766
Splenomegaly No 47 (35) 19 (28)

Yes 89 (65) 49 (72) 0.340
Dell17p No 92 (69) 58 (91)

Yes 42 (31) 6(9) 0.0007
Delllq No 128 (96) 52 (80)

Yes 6 (4) 13 (20) 0.0005
Del13q No 88 (66) 47 (73)

Yes 46 (34) 17 (27) 0.272
Trisomy 12 No 111 (83) 51 (80)

Yes 23 (17) 13 (20) 0.591
TP53 Unmutated 73 (55) 54 (89)

Mutated 59 (45) 7 (11) <0.001
NOTCH1 Unmutated 81 (93) 32 (80)

Mutated 6(7) 8 (20) 0.028
IGHV Mutated 44 (41) 21 (35)

Unmutated 64 (59) 39 (65) 0.464
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reach the median normal lymphocyte count. For each data point, we
calculated the percentage compared to the baseline, which provides a
more representative view of lymphocyte count changes at each time
point of the study (Supporting Information S1: Table S1).
Subsequently, we examined the decline in lymphocytosis to
understand if well-defined clinical or biological features could
independently impact the kinetics of lymphocyte count in both arms.
ACALA had less patients with a molecularly unfavorable prognostic
profile; despite this, it seems to have no impact on the kinetics of
lymphocytosis in both arms according to our subanalysis (data not
shown). IGHV mutational status did not differ between the two arms,
but IGHV mutational status had an impact on the lymphocytosis
decline. We considered separately cases with unmutated and mu-
tated IGHV genes for IBR and ACALA. They exhibited a similar in-
crement at Day 14 followed by a steady decline. Unmutated IGHV
curves of IBR and ACALA overlapped until Month 12. Mutated IGHV
for IBR and ACALA followed a similar pattern until Month 6, after
which ACALA exhibited a stronger reduction, albeit only as a per-
centage of baseline, due to ACALA starting from a higher baseline
level (Figure 1, Supporting Information S1: Tables S2 and S3). Because
there were more cases with TP53 mutations (del17p or TP53 mu-
tated), we evaluated whether the TP53 mutational status had an
impact on ALC kinetics within the subgroups. As shown in Supporting
Information S1: Table S4, there was no difference in ALC kinetics

according to TP53 mutational status among the IGHV mutated and
unmutated cases in the IBR arm.

Regarding clinical features and the burden of disease at baseline,
the two arms were homogeneous with only one exception: more
patients treated with acalabrutinib (53%) had Binet staging C before
therapy, while only (39%) of patients treated with ibrutinib had
stage C. Despite this difference being statistically significant
(p = 0.04), our analysis demonstrated that the stage had no impact on
the kinetics of lymphocytosis (data not shown). Even with different
grades of lymphadenopathy and splenomegaly, including the pre-
sence of bulky masses, the trend of lymphocytosis during treatment
with both cBTKi remained unaltered (data not shown).

We have provided the first description of the kinetics of
lymphocytosis in patients treated with acalabrutinib and conducted
the first comparative study of lymphocyte counts during 12 months
of treatment with two cBTK inhibitors. We observed that, similar to
Ibrutinib, acalabrutinib leads to an increase in lymphocyte count im-
mediately after starting therapy. This observation confirms previous
works identifying lymphocytosis as a “class effect” of cBTKi.1*

We observed that while there is an appreciable reduction in
lymphocyte count starting from the second month of treatment in
both groups, the decrease in lymphocytosis appears to be faster and
more profound in patients treated with acalabrutinib from the
6th month onward.

Lymphocytosis
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Baseline Week2 Month1l Month 2 Month 3 Month 6 Month 9 Month 12
IBR unmut 1 1.39 1.1 0.84 0.59 0.29 0.15 0.09
ACALA 1 1.49 0.93 0.72 0.56 0.13 0.09 0.1
unmut
p value 0.695 0.387 0.11 0.405 0.326 0.203 0.737
IBR mut 1 1.6 1.32 0.86 0.59 0.35 0.23 0.16
ACALA mut 1 1.31 0.81 0.58 0.41 0.13 0.08 0.07
p value 0.196 0.327 0.177 0.145 0.042 0.017 0.006

FIGURE 1 Description of lymphocytosis in IGHV-mutated and unmutated patients in the ibrutinib group (IBR) and acalabrutinib (ACALA) treatment arms. In both
arms, the two curves followed a similar trend up to Month 6. However, the ACALA arm exhibited a sharper and deeper decline compared to IBR in the mutated group.
This difference was observed solely in the median percentage of baseline, attributable to ACALA starting from higher baseline values.
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We also investigated whether certain disease's features could ex-
plain the differences in the kinetics of lymphocytosis. There was a sig-
nificant difference in the distribution of patients with a poor molecular
prognosis (del17p/TP53) between the two groups, with a marked pre-
valence in the IBR arm. This difference can be attributed to the evolution
of cBTKi use in clinical practice: when ibrutinib was introduced, it was
only allowed for patients with a poor prognosis. Conversely, acalabru-
tinib was used in clinical practice when the administration of cBTKi was
already well established in all untreated patients. However, according to
our data, having a del17p/TP53 mutation or NOTCH1 mutation does not
interfere with the kinetics of lymphocytosis during treatment with the
two different cBTKi. NOTCH1 mutations and higher CD49D expression
have been associated with reduced ibrutinib-induced lymphocytosis,*”18
but in this cohort, we did not observe any effect. The IGHV mutational
status did not differ between the two groups; however, when examining
lymphocyte count curves in mutated IGHV, starting from the 6th month
to the end of the study period, the median percentage of baseline de-
clined more in the ACALA arm reaching a statistical difference. Overall,
IGHV mutated/unmutated patients treated with acalabrutinib had a si-
milar increase in lymphocyte count after 14 days, followed by a sharper
decline, achieving median normal lymphocyte count earlier than the IBR
arm. These data suggest that the main differences of lymphocytes count
between the two cBTKi is due to IGHV mutated status. The clinical
burden of disease at baseline had no impact on the kinetics of lym-
phocytosis between the two arms.

Currently, there is lack of data in the literature comparing the
differences between ACALA and IBR concerning lymphocytosis,
IGHV mutational status, and the extent of lymphocyte mobilization
in peripheral blood. Particularly, there is scarcity of mechanistic
explanations for the divergent behavior of the two cBTK inhibitors. In
order to verify this hypothesis, our group is conducting research into
chemokine receptors and adhesion molecules.

In conclusion, we describe the kinetics of peripheral blood lym-
phocytosis after ibrutinib or acalabrutinib in patients with CLL treated
in front line. Both treatments exhibited a similar peak at 2 weeks after
initiation, followed by a more pronounced and rapid decrease in the
acalabrutinib treatment group, particularly in IGHV mutated cases.
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