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Hairy cell leukemia (HCL) is a rare, indolent B-cell malignancy comprising 1.4% of all lymphoid neo-
plasms, with 1910 new cases in the United States in 2016.1 Patients generally present with cytopenias,
splenomegaly, and an increased risk of infections. Newly diagnosed patients are treated with purine
nucleoside analogs (PNAs), which have demonstrated efficacy in HCL—overall response rate (ORR) of
97% and median relapse-free survival of 16 years.2 For patients who do not respond to PNAs or who
relapse quickly or after therapy for relapsed/refractory disease, the preferred treatment strategies
include clinical trial participation, retreatment with a PNA plus rituximab, moxetumomab pasudotox,
vemurafenib with or without rituximab, peginterferon-alfa 2a, or ibrutinib.3 Patients with 2 or more
relapses will continue to relapse, with steadily decreasing durations of response.4 Thus, additional
targeted therapies are needed.

Zanubrutinib (BGB-3111) is a second-generation Bruton tyrosine kinase (BTK) inhibitor designed to
maximize BTK occupancy and minimize off-target inhibition of TEC- and EGFR-family kinases. It has
demonstrated efficacy in a various B-cell malignancies and has a favorable safety profile.5,6 We report
the outcomes of 12 patients with relapsed/refractory HCL treated with single-agent zanubrutinib in a
phase 1/2 open-label study (NCT02343120).

Eligible patients had relapsed/refractory HCL per the World Health Organization classification.7 Eligible
patients were ≥18 years old, had an Eastern Cooperative Oncology Group performance status of 0 to
2, and adequate organ function and peripheral blood counts (absolute neutrophil count ≥1.0 × 109/L;
platelet count ≥50 × 109/L; patients with marrow infiltration could receive growth factor/transfusion
support to achieve eligibility). Key exclusion criteria were central nervous system disease, prior BTK
inhibitor use, or requirement for treatment with concurrent strong cytochrome P450 3A inhibitors or
inducers. Information on the mutational status of cancer was not collected. Patients received zanu-
brutinib until disease progression or intolerable toxicity, and were transferred to a long-term extension
study after completion of the initial trial if they continued to derive benefits. Efficacy and safety were
assessed by an investigator. Consensus guidelines for the diagnosis and management of patients with
classic HCL were followed, evaluating the response to treatment by target normalization of peripheral
blood counts, regression of splenomegaly, and reduction in morphologic evidence of HCL in peripheral
blood and bone marrow.8 The study was conducted in accordance with the International Conference
on Harmonization Good Clinical Practice Guidelines and the Declaration of Helsinki. The protocol was
approved by the institutional review boards and independent ethics committees at each study site, and
all patients provided written informed consent before participation. Investigators and their research
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A total of 12 male patients with HCL were enrolled in the study. This
study consisted of a dose-escalation phase followed by an expan-
sion cohort at the recommended phase 2 dose (RP2D). Dose-
limiting toxicity was not observed during the escalation phase. The
RP2D was determined using pharmacokinetic and pharmacody-
namic data, as either 320 mg once daily or 160 mg twice daily. One
patient with HCL was enrolled in the dose-escalation phase, initially
receiving a dose of 40 mg once daily and escalating to 320 mg once
daily after the RP2D was established; 11 patients were enrolled in
the HCL expansion cohort, with 9 patients starting zanubrutinib at
160 mg twice daily and 2 starting at 320 mg once daily. The median
patient age was 55.5 years (range, 38-78). The baseline charac-
teristics of the patients are summarized in Table 1. The median time
from diagnosis to study entry was 5.1 years (range, 3-24), with
patients receiving a median of 2 (range, 1-5) previous therapies. All
patients had previously received cladribine (2 in combination with
rituximab), and 1 had had a previous splenectomy. The median
relative dose intensity (ratio of actual to planned dose intensity) was
98.6%. The median follow-up time was 33.2 months (range,
18.8-74.0). At study completion (March 2021), 9 patients remained
on treatment, and 3 had discontinued treatment owing to disease
progression (n = 1), an adverse event (grade 3 cerebral aspergillosis
[n = 1]), or investigator decision (n = 1). Two patients died during the
study owing to progressive disease and >30 days after discontin-
uation of zanubrutinib.
Table 1. Disease history and baseline characteristics of patients with

HCL

Characteristic N = 12

Median age (range), y 55.5 (38-78)

Sex, n (%)

Male 12 (100.0)

Baseline ECOG performance status score, n (%)

0 7 (58.3)

1 5 (41.7)

Median time from initial diagnosis to first dose
(range), y

5.1 (3.0-24.0)

Median time from end of last regimen to first dose
(range), mo

31.6 (3.0-53.8)

Median number of previous therapies (range) 2 (1-5)

Cytopenia at study entry, n (%)

Anemia (≤110 g/L) 6 (50.0)

Neutropenia (≤1.5 × 109/L) 6 (50.0)

Thrombocytopenia (≤100 × 109/L) 7 (58.3)

Missing 2 (16.7)

Median laboratory values (range)*

Hemoglobin (g/dL) 109.5 (91.0-161.0)

Platelet count (109/L) 64.5 (32.0-182.0)

Absolute neutrophil count (109/L) 1.55 (0.8-3.8)

ECOG, Eastern Cooperative Oncology Group.
*Ten patients had cytopenias as the reason for starting a new HCL therapy. Neutropenia

was given as the reason for 3 patients, anemia for 3 patients, and thrombocytopenia for 4
patients. The reason for new therapy was missing in 2 patients.
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The ORR was 58.3% (n = 7), and 16.7% (n = 2) of the patients
achieved a complete response. The median time to response was
20.5 months (range, 6.3-28.6). None of the 7 responding patients
had disease progression on study, and the progression-free rate at
48 months was 100% for these patients. Five patients (41.7%) had
the best overall response to stable disease (Figure 1). The median
progression-free survival (PFS) and overall survival (OS) were not
reached. At 36 months, PFS and OS rates were 80.0% and
81.5%, respectively.

Eleven patients had baseline cytopenias. Of these, 5 of 6 patients
(83.3%) had a hemoglobin response, 6 of 7 (85.7%) had a platelet
response, and all had a neutrophil response. The median time to
recovery to an absolute neutrophil count >1.5 × 109/L was
3.2 months, to a platelet count >100 × 109/L was 5.5 months, and
to a hemoglobin value >11 g/dL was 6.4 months.

Treatment-emergent adverse events (TEAEs) are listed in
supplemental Table 1. Eleven (91.7%) of the 12 patients experi-
enced TEAEs, and 7 (58.3%) patients experienced grade≥3 events.
One (8.3%) patient experienced a TEAE leading to treatment
discontinuation (grade 3 cerebral aspergillosis), and 4 (33.3%)
patients experienced TEAEs leading to dose modification (neu-
tropenia [n = 1], thrombocytopenia/anemia/neutropenia/pneumonia
[n = 1], pyrexia/pulmonary aspergillosis [n = 1], vomiting [n = 1]).

TEAEs commonly observed with BTK inhibitor treatment were also
observed. Eight (66.7%) patients experienced TEAEs of infections;
all were grade 1 and 2 except for 1 event of grade 3 pneumonia
and 1 event of grade 3 cerebral aspergillosis. One patient devel-
oped an infection defined as opportunistic (pulmonary and cerebral
aspergillosis) on study day 122. Five patients experienced minor
hemorrhage events (contusion [n = 2] and epistaxis [n = 2]; 1
event of petechiae, ecchymosis, conjunctival hemorrhage, and
gingival bleeding). No major hemorrhage or atrial fibrillation events
were observed. One TEAE of hypertension was noted on study day
278, and 2 patients experienced TEAEs of basal cell carcinoma
during treatment.

New or worsening treatment-emergent neutropenia was observed
in 5 (41.7%) patients; all were grade 3 or 4. However, no febrile
neutropenia was observed. Three (25.0%) patients experienced
TEAEs of thrombocytopenia and 1 patient (8.3%) experienced
grade 3 anemia. Only grade 3 anemia led to a dose reduction.

The ORR with zanubrutinib in this study is similar to the ORR
observed with the first-generation BTK inhibitor ibrutinib in a phase 2
study (58% vs 54%, respectively), and the 36-month PFS of with
zanubrutinib appears similar to the estimated PFS at 36 months with
ibrutinib9 (80.0% vs 73%, respectively), although there are no head-
to-head trials of zanubrutinib and ibrutinib in this patient population.

Considering the similarity in response in patients with HCL, it
should be noted that in head-to-head trials of zanubrutinib vs
ibrutinib in Waldenström macroglobulinemia (ASPEN)10 and
chronic lymphocytic leukemia (ALPINE)11 favorable differences in
treatment tolerability were observed for zanubrutinib. Adverse
events leading to treatment discontinuation and atrial fibrillation
events of any grade were higher in patients treated with ibrutinib
(ASPEN and ALPINE trials).10,11

Zanubrutinib demonstrated clinically significant and durable
responses in relapsed/refractory HCL with a safety profile consis-
tent with its known safety profile in other indications. In view of the
RESEARCH LETTER 2885
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Figure 1. Swimmer plot of treatment duration and investigator-assessed response. BID, twice daily; CR, complete response; PD, progressive disease; PR, partial

response; QD, once daily; SD, stable disease.
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PK data showing no differences in exposure-response or exposure-
safety relationships with the twice daily and once daily doses,12 the
zanubrutinib dosing schedule may represent a new treatment
option for patients with resistant disease or those who are unable
to tolerate PNAs. Future studies evaluating zanubrutinib mono-
therapy in patients with lower blood count thresholds and zanu-
brutinib in combination with anti-CD20 agents in high-risk patients
(eg, variant HCL and early relapse after chemotherapy) would be of
interest.
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