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Hairy cell leukemia variant (HCL-v) is a rare and more aggressive subtype of B-
cell leukemia. While it shares certain clinical features with classical hairy cell
leukemia (HCL-c), HCL-v typically follows a more malignant course and
responds poorly to conventional therapies. We report a case of HCL-v in a 57-
year-old male who was admitted with splenomegaly and abnormal blood counts.
Based on bone marrow morphology and immunophenotyping, a diagnosis of
HCL-v was established. The patient was treated with a combination of
obinutuzumab and bendamustine. Following treatment, his blood counts
normalized, spleen size significantly reduced, and bone marrow reassessment
confirmed complete remission (CR) with minimal residual disease (MRD)
negativity. The patient is currently undergoing maintenance therapy with
obinutuzumab and remains in good clinical condition. This case demonstrates
the promising clinical efficacy of obinutuzumab combined with bendamustine in
treating HCL-v, suggesting its potential as a therapeutic option. However, long-
term outcomes warrant further investigation.

KEYWORDS

hairy cell leukemia variant, obinutuzumab, bendamustine, targeted therapy, BRAF
wild-type

Introduction

Hairy cell leukemia variant (HCL-v) is a rare B-cell malignancy with distinct biological
characteristics, accounting for approximately 10% of all hairy cell leukemia (HCL) cases. It
predominantly affects elderly males and is clinically characterized by splenomegaly,
peripheral lymphocytosis, and thrombocytopenia, typically without monocytopenia (1).
Unlike classical HCL (HCL-c), tumor cells in HCL-v lack expression of CD25, CD123, and
CD200, and do not harbor the BRAF V600E mutation (1-3). Moreover, patients with HCL-
v often exhibit resistance to purine analogs such as cladribine and have a poorer prognosis.
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Although the current recommended treatment involves a
combination of purine analogs and rituximab, the overall efficacy
remains suboptimal (1). Therefore, the development of novel
therapeutic strategies is crucial to improving outcomes in HCL-v.

In this report, we present a case of HCL-v successfully treated
with obinutuzumab and bendamustine (the GB regimen), and
review relevant literature to provide insights into potential new
approaches for managing this challenging disease.

Case presentation

In January 2024, a 57-year-old male was admitted to the
hospital with a chief complaint of splenomegaly persisting for
over six years. On admission, physical examination revealed
stable vital signs, no signs of anemia, and no palpable superficial
lymphadenopathy. The liver was not palpable below the costal
margin, but the spleen was markedly enlarged, extending
approximately 10 cm below the costal margin, non-tender to
palpation. No edema was noted in the lower extremities.
Complete blood count (CBC) showed leukocytosis with a white
blood cell (WBC) count of 19.32 x 10°/L, red blood cell (RBC)
count of 4.76 x 10'?/L, hemoglobin (HGB) of 142 g/L, and a platelet
(PLT) count of 76 x 10°/L, indicating hematologic abnormalities.

Peripheral blood smear revealed marked leukocytosis with a
decreased granulocyte ratio, morphologically normal granulocytes,
and an increased lymphocyte percentage with the presence of
atypical lymphocytes (Figure 1A). Bone marrow cytology showed
markedly hypercellular marrow with a significantly increased
lymphocyte proportion and abundant atypical lymphocytes.
These cells were relatively small, with round nuclei, condensed
chromatin, basophilic cytoplasm, occasional visible nucleoli, and
cytoplasmic projections suggestive of “hairy” features (Figure 1B).
Bone marrow biopsy revealed hypocellular marrow (approximately
30%) with increased abnormal lymphocytes (about 20%),
distributed in clusters or scattered, occasionally within sinusoids.
These cells were small to medium in size with scant to moderate

FIGURE 1
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cytoplasm, round to irregular nuclei, coarse chromatin, and
decreased megakaryocytes, erythroid and granulocytic precursors
were observed (Figure 2). Abdominal ultrasound and CT scans
revealed severe splenomegaly, with dimensions of approximately
214.4 mm in length and 104.8 mm in thickness (Figure 3A).

Flow cytometric immunophenotyping of bone marrow cells
revealed an abnormal leukemic B-cell population comprising
16.51% of nucleated cells. These cells strongly expressed CDI19,
FMC7, CDl11c, and CD22; expressed CD200, CD79b, CD81, CD20,
and surface lambda light chains; partially expressed CD103; and
were negative for CD5, CD10, CD71, CD43, CD23, CD123, CD25,
sIgD, sIgM, CD38, and kappa light chains (Figure 4). Further
molecular and cytogenetic analysis showed a karyotype of 46, XY,
del(14)(q24q32)[10]/46, XY[10]. BRAF V600E mutation testing
was negative. However, IGH, IGK, and IGL gene rearrangements
were positive, and the IGHV mutation frequency was 2.5%,
classified as IGHV4-34 subtype. Next-generation sequencing
(NGS) revealed a class I mutation in BCOR (p.H674Tf*66,
54.90%) and a class II mutation in ATM (p.L2519P, 8.50%).
Based on the integration of morphologic, immunophenotypic,
and molecular findings, the final diagnosis was hairy cell
leukemia variant (HCL-v).

On January 20, 2024, the patient initiated chemotherapy with the
GB regimen, consisting of obinutuzumab 1000 mg on days 1, 8, and
15, and bendamustine 175 mg on days 1-2. Following the first cycle,
blood counts normalized. On February 19, 2024, a second cycle of the
GB regimen was administered (obinutuzumab 1000 mg on day 0 and
bendamustine 175 mg on days 1-2). Post-treatment evaluation
showed complete remission (CR), minimal residual disease (MRD)
negativity confirmed by flow cytometry (FCM) of bone marrow
aspirates obtained after the second cycle, and normalization of spleen
size (Figure 3B). The patient subsequently received four additional
cycles of consolidation therapy with the GB regimen on March 16,
April 15, May 14, and June 18, 2024. Follow-up assessments
confirmed sustained CR. During chemotherapy, the patient
experienced nausea (CTCAE grade 1). After the first and second
cycles, mild leukopenia and thrombocytopenia (CTCAE grade 1)

Morphological analysis of peripheral blood and bone marrow aspirate at the initial stage of diagnosis. (A) Morphological examination of peripheral
blood cells via Giemsa staining. Images collected at 1000, scale bar = 10 um. (B) Morphological examination of bone marrow cells via Giemsa

staining. Images collected at 1000x, scale bar = 10 um.

Frontiers in Oncology

02

frontiersin.org


https://doi.org/10.3389/fonc.2025.1635856
https://www.frontiersin.org/journals/oncology
https://www.frontiersin.org

Bai et al.

10.3389/fonc.2025.1635856

H&E staining of bone marrow

FIGURE 2

Histological examination of bone marrow via H&E staining. H&E staining of bone marrow. Images collected at 40x or 400X, scale bar = 500 um or

50 um

were observed. Subsequent treatments did not result in further
declines in blood counts. The patient is currently receiving
obinutuzumab maintenance therapy every three months for a
planned duration of two years (total of eight doses).

Discussion

Hairy cell leukemia-variant (HCL-v) is a rare and highly
aggressive B-cell lymphoproliferative neoplasm that remains a
significant clinical challenge. Unlike classical hairy cell leukemia
(HCL-c), HCL-v typically lacks the BRAF V600E mutation, thereby
limiting the use of BRAF inhibitors and complicating treatment
strategies (4). While purine analog monotherapy or combination
regimens with the anti-CD20 monoclonal antibody rituximab are

H
[104.8mm)]

FIGURE 3

standard treatments for HCL-c, HCL-v generally shows poor
responses to these approaches. Therefore, developing novel
therapeutic strategies is imperative. In the present case, the
patient achieved complete remission (CR) and minimal residual
disease (MRD) negativity following treatment with obinutuzumab
in combination with bendamustine, suggesting that this regimen
may represent a promising therapeutic option for HCL-v.
Clinically and biologically, HCL-v differs significantly from
classical HCL. Immunophenotypically, HCL-v typically lacks
hallmark markers such as CD25, CD123, and TRAP. Genetically,
HCL-v is frequently associated with mutations in tumor suppressor
genes such as TP53 and ATM, which may contribute to its
resistance to standard therapies (4, 5). Previous studies have
shown that combining purine analogs with rituximab results in
higher response rates and longer progression-free survival (PFS) in

The size of Spleen at initial diagnosis and after treatment detected by CT. (A) Spleen size at initial diagnosis detected by CT. (B) Spleen size after

treatment detected by CT.
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FIGURE 4

Flow cytometry analysis of a bone marrow aspirate. Bone marrow flow cytometry showing HCL-v diagnosis: strongly expressed CD19, FMC7, CD11c,
and CD22; expressed CD200, CD79b, CD81, CD20, and surface lambda light chains; partially expressed CD103; negative for CD5, CD10, CD71,

CD43, CD23, CD123, CD25, slgD, slgM, CD38, and kappa light chains.

HCL-v compared to monotherapy (5). Moreover, rituximab-based
combinations with other agents, such as bendamustine, have
demonstrated favorable efficacy in relapsed or refractory chronic
lymphocytic leukemia and indolent B-cell lymphomas (6).

In this case, the patient tested negative for the BRAF V600E
mutation, indicating that BRAF-targeted therapy was not
appropriate. However, a p.L2519P mutation in the ATM gene
was identified. ATM mutations are known to impair DNA repair
pathways, which may lead to resistance to conventional
chemotherapy (7). Bendamustine, a unique antineoplastic agent
with both alkylating and purine analog properties, acts through
DNA cross-linking and apoptosis induction. Notably, its
cytotoxicity may be p53-independent, potentially overcoming
resistance mechanisms associated with ATM mutations (8).

Obinutuzumab, a second-generation anti-CD20 monoclonal
antibody engineered with glycoengineered Fc modifications to

Frontiers in Oncology

enhance antibody-dependent cellular cytotoxicity (ADCC), has
demonstrated superior efficacy over rituximab in indolent
lymphomas (9). In this case, the leukemia cells expressed high
levels of CD20, making them an ideal target for obinutuzumab. The
absence of CD25 and CD123 further suggested that conventional
HCL-targeted strategies may not be effective in this patient,
highlighting the potential advantage of obinutuzumab in
such settings.

The combination of bendamustine and obinutuzumab has
shown synergistic efficacy in indolent non-Hodgkin lymphoma
and mantle cell lymphoma, particularly among patients refractory
to rituximab, improving both response rates and duration of
remission (10-12). However, data on the use of this combination
in HCL-v remain limited. A large retrospective study analyzing 33
HCL-v cases reported an objective response rate (ORR) of 100% in
patients receiving first-line therapy with purine nucleoside analogs
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plus rituximab (PNA+R). Notably, among those treated with
bendamustine plus rituximab, three patients achieved MRD-
negative CR (13). These findings support the rationale for
exploring the efficacy of bendamustine combined with
obinutuzumab in HCL-v. In this report, the patient achieved
rapid hematologic recovery, normalization of splenic size, and
MRD negativity after receiving the GB regimen (obinutuzumab +
bendamustine), indicating a deep and durable response. This
favorable outcome may result from the synergistic mechanisms of
action: bendamustine induces DNA damage and enhances CD20
antigen expression, facilitating the activity of anti-CD20 antibodies;
obinutuzumab, in turn, mediates effective clearance of residual
leukemia cells via ADCC and complement-dependent cytotoxicity
(CDQ). This synergy may help overcome the treatment resistance
often seen in HCL-v.

This deep and durable remission underscores the importance of
sensitive disease monitoring and personalized therapeutic strategies
in HCL-v. Advances in precision medicine have transformed the
field of hematologic oncology, enabling many patients with blood
cancers to receive individualized treatment based on molecular
characteristics. In this context, minimal residual disease (MRD)
monitoring plays a crucial role in assessing treatment response and
guiding clinical decisions in both classical hairy cell leukemia (HCL)
and its variant form (HCL-v). Currently, the most widely used
methods for MRD assessment include bone marrow biopsy and
flow cytometry. In this case, bone marrow MRD monitoring was
performed using multiparameter flow cytometry (MFC), providing
valuable information on treatment efficacy. Meanwhile, emerging
techniques such as liquid biopsy based on circulating tumor DNA
(ctDNA) are gaining increasing attention. This noninvasive
approach offers the dual advantage of monitoring MRD while
delivering genomic insights into residual leukemic clones. Recent
reviews have underscored the utility of ctDNA-based MRD
detection in B and T cell lymphomas, suggesting it may also hold
promise for future application in HCL-v (14).

Molecular analysis revealed the presence of an IGHV4-34
immunoglobulin heavy-chain variable region gene mutation with a
somatic hypermutation rate of 2.5%. IGHV4-34 is known for its
unique biological characteristics across various B-cell malignancies and
is frequently associated with autoimmune-driven B-cell clonal
disorders (15, 16). Previous studies have linked IGHV4-34 with
stereotyped B-cell receptor (BCR) usage in chronic lymphocytic
leukemia, suggesting an antigen-driven clonal selection origin (10).
IGHV4-34 has also been identified in mucosa-associated lymphoid
tissue (MALT) lymphoma and diffuse large B-cell lymphoma
(DLBCL), pointing toward a shared pathogenesis in IGHV4-34-
positive B-cell tumors (15, 16). These findings underscore the
biological and clinical relevance of IGHV4-34 across B-cell neoplasms.

Additionally, this patient harbored a BCOR p.H674Tf*66
mutation. BCOR, a gene involved in epigenetic regulation, is
frequently inactivated in hematologic malignancies such as acute
myeloid leukemia and myelodysplastic syndromes, and its
mutations are often associated with poor prognosis (17, 18). The
pathogenic mechanism likely involves dysfunction of the
transcriptional repression complex, affecting signaling pathways
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that regulate cell proliferation and apoptosis (19-22). The
presence of this mutation in our patient suggests a high-risk
biological profile and further justifies the use of an intensified
treatment strategy.

Despite the encouraging results, this case report has several
limitations. First, the findings are based on a single patient, lacking
validation from larger, multicenter studies. Second, longer follow-up
is needed to assess the durability of response and progression-free
survival. Third, the molecular profiling did not encompass the full
spectrum of HCL-v-associated alterations, future work should
expand genomic characterization to better inform precision therapy.

Conclusion

In summary, we report a successful use of obinutuzumab
combined with bendamustine in a patient with HCL-v who
achieved CR and MRD negativity. This combination may offer an
effective therapeutic strategy for BRAF wild-type, CD25-negative
HCL-v patients. The mechanism likely involves bendamustine-
induced DNA damage coupled with obinutuzumab-mediated
immune clearance. Further multicenter clinical trials are
warranted to validate the broad applicability of this regimen and
to explore individualized treatment approaches guided by
molecular subtyping.
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