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Zanubrutinib as a salvage
therapy for ibrutinib-resistant
chronic lymphocytic leukemia:
a case report

Zhenhui Lv', Ping Lu'’, Changhua Jing, Xuena Yi
and Xuegiong Wu*

Department of Hematology, Zibo Central Hospital, Zibo, Shandong, China

Objectives: This case report aims to evaluate the efficacy of zanubrutinib, a next-
generation Bruton tyrosine kinase inhibitor (BTKi), in achieving durable disease
control for patients with chronic lymphocytic leukemia/small lymphocytic
lymphoma (CLL/SLL) who have experienced disease progression on ibrutinib, a
first-generation BTKi.

Methods: A patient with CLL/SLL who developed resistance to ibrutinib was
treated with zanubrutinib. The patient’s clinical response, including disease
progression, symptom control, and adverse effects, was monitored over time.
Results: The patient demonstrated significant and durable disease control
following the initiation of zanubrutinib therapy. The treatment was well-
tolerated, with no severe adverse effects reported, suggesting that zanubrutinib
may be an effective therapeutic option for ibrutinib-resistant CLL/SLL patients.
Discussion: The findings from this case report suggest that zanubrutinib may
provide a viable treatment option for patients with CLL/SLL who have progressed
on ibrutinib. Further studies and clinical trials are warranted to confirm these
observations and to explore the broader applicability of zanubrutinib in managing
ibrutinib-resistant CLL/SLL.

ibrutinib, resistance, chronic lymphocytic leukemia, zanubrutinib, case report

Introduction

The treatment landscape for CLL/SLL has changed significantly over the last decade
owing to advancements in novel targeted therapies. The B-cell receptor (BCR) signaling
pathway has emerged as a critical therapeutic target for CLL/SLL. Bruton’s tyrosine kinase
(BTK) inhibitors are broadly categorized into covalent (irreversible) and non-covalent
(reversible) agents. Covalent BTK inhibitors, such as ibrutinib, acalabrutinib, and
zanubrutinib, bind irreversibly to the cysteine 481 (C481) residue in the BTK active site.
In contrast, non-covalent inhibitors (e.g., pirtobrutinib) do not require binding to C481 and
interact with BTK through reversible interactions. The primary mechanism of resistance to
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covalent BTK inhibitors is the acquisition of mutations in the BTK
gene, most commonly the C481S mutation, which prevents the
covalent binding of the drug. Secondary mutations in the
downstream phospholipase C gamma 2 (PLCG2) gene can also
confer resistance by sustaining B-cell receptor signaling
independent of BTK activity (1).The first-generation BTKi of
ibrutinib improves patient outcomes in CLL/SLL (2-4). The off-
target effects of ibrutinib have been implicated in BTKi related
adverse events(AEs). Zanubrutinib, a new-generation BTKi, was
specifically engineered to optimize selectivity and maximize BTK
occupancy (5, 6). Previous studies on the transformation of
ibrutinib into zanubrutinib focused on intolerance to
ibrutinib.Patients with ibrutinib intolerance were defined as those
who were unable to continue the medication because of ibrutinib-
related AEs (7). In the head-to-head ALPINE trial of zanubrutinib
versus ibrutinib in patients with CLL, zanubrutinib showed a lower
rate of AEs leading to death, discontinuation, dose reduction, and
dose interruption (8). These data suggest that zanubrutinib may be
a potential treatment option for ibrutinib intolerance. We report the
case of a relapsed/refractory CLL patient who was resistant to
ibrutinib and achieved new remission after transformation

to zanubrutinib.

Case presentation

A 74-year-old man with diabetes mellitus and hypertension was
noted to have leukocytosis on a routine annual medical evaluation
in June 2016. The patient’s personal and family history was
noncontributory.His white blood cell count was 36.4 K/uL with
lymphocytosis. Hemoglobin level and platelet count were normal.
Flow cytometry (FCM) revealed a clonal population of small cells
with CD19+, CD200+,CD20dim+, CD22dim+, CD5+, CD10—-,
CD38-, CD23+, FMC7-, kappa-, and lambda
immunophenotypes. The patient had >1 poor prognostic variable,
including unmutated immunoglobulin heavy chain variable region
gene (IGHV 3-21 gene with a somatic hypermutation burden of
1.4%), del(17p) (76.5%), del(11q) (32%), and complex
chromosomes(43,-Y,t(X;11;13;16) (q13;q923;p11;q13),-15,-18 (3)/
46,XY (5)). At that time, a computed tomography (CT) scan of
the neck, chest, and abdomen showed no enlarged lymph nodes or
lymphoid organ such as the liver and spleen. The patient was
diagnosed with CLL according to the World Health Organization
(WHO) diagnostic criteria. The patient was advised to undergo
clinical observation, given his early stage CLL.

He remained asymptomatic until December 2016 when he
developed fatigue. He also started to have dark-colored urine,
along with a decrease in hemoglobin levels, over a period of 2
weeks. The patient was evaluated at our hospital on December 25™,
2016. His white blood cell count was 8.8 K/uL, hemoglobin of 9.6 g/
dL, and platelet count of 145 K/uL, respectively. The antinuclear
antibody levels were normal. The direct anti-human ball test
(Coombs test) was positive. Physical examination revealed no
lymph nodes or hepatosplenomegaly. He received high-dose
steroids for one week and sequential cyclophosphamide plus
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intravenous immunoglobulin to treat hemolysis due to
hyperglycemia. However hemolysis was not stabilized. He felt his
physical strength was declining, which was affecting his daily
life.During the initial treatment, the patient exhibited hemolysis
that was refractory to glucocortcoids, cyclophosphamide, and
immunoglobulin. This led us to consider that the hemolysis was
related to the underlying disease, and subsequently, we initiated
treatment targeting the primary condition. The patient was then
treated for CLL with rituximab (500 mg/m2 q4-6w) and
chlorambucil (0.2 mg/kg.d*7d q4-6w) for eight cycles, which
resulted in temporary stable control of hemolysis
(2017.01-2018.02).

One month after the last rituximab, the patient developed
pneumonia. His white blood cell count was 15 K/uL, with 80%
lymphocytes and decreased hemoglobin and platelet counts. After
aggressive anti-infection treatment, ibrutinib(420 mg qd)
monotherapy was prescribed. The patient had a normal blood cell
count that continued for 2.5 years (2018.02-2020.07). The patient
was very satisfied with their quality of life.

The patient was readmitted for fatigue in July, 2020. At that
time, his white blood cell count was 18.5 K/uL, with 89%
lymphocytes, a decreased hemoglobin 9.3g/dL and a normal
platelet count. The granulocyte was 5.2%, Coombs test was
positive, and anti-nuclear antibody was negative. Computed
tomography (CT) showed no obvious enlargement of the lymph
nodes or hepatosplenomegaly. The progression of the primary
disease was considered. A rituximab and high-dose
methylprednisolone (R+HDMP) regimen consisting of rituximab
800 mg on day 0 and methylprednisolone 1500 mg on days 1-5 was
given for 1 cycle. Hemoglobin rose briefly to 11.7 g/dL, but this did
not last, and there was a gradual drop in platelet count. At the time,
venetoclax and other non-covalent BTK inhibitors were not
accessible in China as salvage therapy options, and the patient’s
family declined chemotherapy. Based on the more sufficient and
sustained inhibition of BTK by zanubrutinib compared to ibrutinib,
we chose zanubrutinib (160mg bid) combined with rituximab(500
mg/m2 q4w) as the subsequent treatment on September 15™, 2020.
One week after the treatment, the patient’s anemia quickly resolved.
Then, rituximab plus zanubrutinib was used for another three
cycles, followed by zanubrutinib monotherapy (160mg bid). The
blood test results remained normal until December 2021.

The patient had no apparent cause for progressive hemoglobin
or platelet reduction in December 2021. His white blood cell count
was normal, but lymphocytes count was increased. The indirect
bilirubin and lactate dehydrogenase levels were significantly
increased. The Coombs test results were positive. CT showed
several large focal liver lesions (greater than 34x21 mm),
pancreatic body mass, splenomegaly, and extensive abdominal
lymphadenopathy (19x14 mm). Tumor markers suggested a
significant increase in a number of indicators such as CA199 (816
U/ml), CEA (17.6 ng/ml), CA125 (132 U/ml) and CA724 (17.6 U/
ml). Cyclophosphamide and prednisone were administered to
control hemolysis. Venetoclax (100 mg/day) was administered to
control CLL for approximately two weeks. However, there was no
improvement in the blood pattern. Simultaneously, ultrasound-
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guided liver biopsy revealed moderate to poorly differentiated
adenocarcinoma. Second-generation sequencing of lymphoma
(Peripheral Blood) revealed BTK p.C481S and TP53 mutations.
We modified the treatment strategy to obinutuzumab combined
with zanubrutinib. Obinutuzumab was administered intravenously
until the patient died (on days 1, 8, and 15 of cycle 1, 1000 mg was
administered. On day 1 of cycles 2-6, 1000 mg was administered)
and concurrently with zanubrutinib 160 mg twice a day in a 28-day
cycle. The patient’s blood pattern improved again (white blood cell
count>3.5 K/uL, hemoglobin level > 10 g/dL, and platelet count >
80 K/uL) and six months later, the patient died of progressive
liver damage.

Throughout the entire course of treatment, the patient’s main
side effect was glucocorticoid-induced hyperglycemia. No BTK
inhibitor-associated adverse events such as atrial fibrillation,
bleeding, or hepatitis B reactivation were observed.

During the course of treatment with ibrutinib and subsequent
zanubrutinib, the patient’s condition stabilized without significant
adverse reactions. Furthermore, the ability to manage treatment
orally at home greatly improved the patient’s quality of life,
resulting in high satisfaction from both the patient and their family.

The patient’s treatment process is shown in Figure 1.

Discussion

Treatment of CLL should be initiated in patients who meet any
one of the following criteria: disease-related symptoms, low
hemoglobin level, low platelet count, progressive or symptomatic
spleen discomfort or massive splenomegaly, progressive or
symptomatic lymphadenopathy or massive lymphadenopathy,

Clinical
Observation

RTX+CLB*8 cycles

Initial Diagnosis Initial Treatment

Anemia and

Hemolysis and
fatigue

Normal
hematologic profile

Hemolysis controlled

RTX: Rituximab

CLB: Chlorambucil

HDMP: High-dose methylprednisolone
Ven: Venetoclax

FIGURE 1
Schematic diagram of the patient's treatment course.
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Ibrutinib

thrombocytopenia
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rapidly increasing lymphocytosis, symptomatic or extra nodal
involvement, and autoimmune complications not responding to
steroids (9).

The optimal sequencing of targeted therapies in CLL remains a
complex clinical challenge.As reviewed by Mouhssine et al., for the
first-line treatment of low- and intermediate-risk CLL, both the
BCL2 inhibitor venetoclax plus obinutuzumab and the second
generation BTK inhibitors (BTKi), demonstrates favorable efficacy
(10).Patients with 17p deletion, TP53 mutation, complex karyotype
and an unmutated IGHV gene are considered to have high-risk
diseases. These patients responded poorly to standard
chemoimmunotherapy. Continuous therapy with acalabrutinib or
zanubrutinib has shown clinically meaningful benefit in high-risk
patients.The optimal treatment for relapsed/refractory CLL should
be determined based on prior therapy and the duration of response
to previous treatment, selecting either acalabrutinib/zanubrutinib
or venetoclax combined with rituximab.Currently, novel treatment
strategies to overcome resistance to pathway inhibitors include BTK
degraders and immunotherapy with CAR-T or CAR-NK cells,
though data on the efficacy of these therapeutic approaches
remain insufficient (10).

Ibrutinib has shown substantial single drug efficacy in these
patients and provide a chemotherapy free treatment option (3, 4).
In the phase 3 RESONATE2 study, ibrutinib showed superior
progression-free survival, overall survival, and overall response
compared to chlorambucil in previously untreated older patients
with CLL/SLL (11).

Although ibrutinib has excellent efficacy and general
tolerability, AEs, such as bleeding, rash, and diarrhea, have been
reported. These toxicities are related to ibrutinib discontinuation in
both clinical trials and clinical practice settings (12). Compared to

2021.12-2022.06

Ven *2 weeks

2020.07-2021.12

Zanubrutinib +

RTX+HDMP*1 cycle Obinutuzumab
RTX+Zanubrutinib*4cycles
Zanubrutinib

Leukocytosis Anemia ,thrombocyfopenia

and anemia and increased lymphocyte
percentage
Poorly differentiated
adenocarcinoma

Normal

hematologic profile Death
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ibrutinib, zanubrutinib has shown greater selectivity for BTK with
fewer off-target effects based on multiple in vitro enzymatic and cell-
based assays. In a head-to-head phase 3 comparison of CLL,
zanubrutinib treatment was associated with less toxicity,
particularly cardiovascular toxicity, and a trend toward better
response quality (13). The patient started ongoing ibrutinib and
experienced progressive disease, and switching to zanubrutinib
again showed efficacy, which was considered to be related to the
sufficient inhibition of the BTK site by zanubrutinib, which needs to
be confirmed in more clinical trials.

Zanubrutinib, ibrutinib, and other irreversible BTKi covalently
bind cysteine 481 in the adenosine triphosphate-binding pocket of
BTK (14). The affinity varied across these irreversible BTKi,
depending on the specificity of the individual drug, for related
and unrelated adenosine triphosphate-binding kinases that contain
a sterically available cysteine at this position, including epidermal
growth factor receptor (EGFR), interleukin-2-inducible T-cell
kinase (ITK), and B-lymphocyte kinase et al. Anti-CD20
antibodies play a fundamental role in the treatment of patients
with B-cell malignancies, with obinutuzumab having proven benefit
(15, 16). The addition of obinutuzumab to ibrutinib may
substantially improve depletion of CLL cells from the PB and BM
(17). The relative sparing of ITK by zanubrutinib may result in less
interference with the tumor-clearing mechanism of anti-CD20
antibody-induced antibody-dependent cytotoxicity, and then
result in enhanced efficacy when combined with obinutuzumab.
We hypothesized that obinutuzumab could be effectively used to
treat BTKi-resistant CLL. After the occurrence the BTK p.C481S
mutation, obinutuzumab was added with zanubrutinib, and the
patient was stabilized again, which reflected this hypothesis.

With the use of BTKi, an increasing number of drug-resistant
patients have emerged. The BTK p.C481S mutation was found to be
resistant to BTKi (18).A limitation of this report is that genetic
profiling for BTK (e.g., C481S) or PLCG2 mutations was not
performed at the time of ibrutinib progression, prior to the
commencement of zanubrutinib. One of the effective ways to
treat these patients is to use the BCL2 inhibitor, venetoclax,
which has shown durable remissions. The patient was intolerant
of venetoclax. The investigation of ibrutinib resistance remains an
ongoing clinical research topic.

Conclusion

If disease progression occurs with ibrutinib monotherapy in
CLL treatment, BTK p.C481S mutation should be screened.
Conversion to zanubrutinib was considered in the absence of the
mutation. When this mutation occurs, combination therapy with
obinutuzumab should be considered.Due to the inherent limitations
of a case report, the efficacy of zanubrutinib after ibrutinib
resistance requires further validation in clinical practice.
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