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ABSTRACT

Background: Hairy cell leukemia (HCL) is a rare disorder characterized by splenomegaly, pancytopenia, and proliferation with
“hairy” lymphocytes. Treatment is based on purine analogs and anti-CD20 antibodies, often resulting in significant adverse
effects.

Aims: The objective of this study is to describe the frequency, clinical, and biological characteristics of a historic cohort of HCL
patients in our center and the most common side effects related to treatment with purine analogs.

Methods and Results: This study analyzed 21 patients treated between 2009 and 2023, focusing on clinical characteristics,
treatment response, complications, and survival outcomes. Cladribine treatment achieved complete response in 77.8% of pa-
tients. The 5-year OS and PFS were 100% and 91.7%, respectively. Infections, pathogens such as herpes viruses and mycobacteria,
were major complications, impacting 38% of patients. Severe skin reactions were noted in patients treated with cladribine.
Conclusion: The study highlights cladribine's effectiveness in inducing remission in HCL patients, pointing out the significant
risks of infections and other adverse effects. Introducing targeted treatments like BRAF inhibitors provides promising alterna-
tives, especially for resistant patients or those intolerant to purine analogs. Future strategies should focus on integrating targeted
therapies to reduce treatment-related morbidity.

However, infectious complications remain a significant issue in
these patients [4, 5].

1 | Introduction

Hairy cell leukemia (HCL) is an infrequent chronic lymphopro-

liferative neoplasia that is characterized by an indolent course,
marked splenomegaly, progressive pancytopenia in many cases,
and rare circulating tumoral cells, usually with no lymphade-
nopathy [1]. Currently, the treatment of HCL is based on purine
analogs and in combination with anti-CD20 monoclonal anti-
bodies [2, 3], which induce durable remissions for most patients.

The same dilemma applies to HCL-variant (HCL-v), now reclas-
sified within the splenic B-cell lymphoma/leukemia with prom-
inent nucleoli category and some cases of B-cell prolymphocytic
leukemia. This reclassification emphasizes that it is not merely
a “variant” of classic HCL but a separate disease with its own
diagnostic criteria [6, 7]. It represents 10% of all HCL cases, and

This is an open access article under the terms of the Creative Commons Attribution License, which permits use, distribution and reproduction in any medium,

provided the original work is properly cited.

© 2025 The Author(s). Cancer Reports published by Wiley Periodicals LLC.

Cancer Reports, 2025; 8:¢70356
https://doi.org/10.1002/cnr2.70356

lof 5


https://doi.org/10.1002/cnr2.70356
https://doi.org/10.1002/cnr2.70356
mailto:
https://orcid.org/0000-0002-3850-957X
mailto:martagarciafasanella@gmail.com
http://creativecommons.org/licenses/by/4.0/
http://crossmark.crossref.org/dialog/?doi=10.1002%2Fcnr2.70356&domain=pdf&date_stamp=2025-10-01

aside from the low HCL score [8, 9], it can be differentiated by
the absence of BRAF V600E mutation [10].

Recent understanding and advances in therapies in other
chronic lymphoproliferative neoplasia have also translated into
excellent results in HCL [11]. One critical unmet need was the
reduction of morbidity of therapies, mainly due to off-target tox-
icity on effector and regulatory cells of the immune system.

HCL-v have dismal prognoses, but recently promising results
with ibrutinib monotherapy have been reported in second
line [12].

The BRAF V600E mutation is present in a large part of the HCL
and downstream MEK-ERK signaling pathway, leading to ma-
lignant B-cell proliferation. Patients who lack BRAF V600E may
harbor alternative BRAF mutations [13], and in the future, it
will be essential to understand the tumoral microenvironment
of HCL with mutated or unmutated BRAF V600E.

2 | Materials and Methods

In this retrospective unicentric study, we collected demographic
and clinical information from 21 patients diagnosed with HCL
in our institution from 2009 to 2023 (18 patients with treatment
indication and two without treatment).

The collected variables were sex, age at diagnosis, time to treat-
ment initiation, tumoral immunophenotype, BRAF mutation
status, treatment response, treatment complications, time to re-
lapse, status at last visit, and cause of death.

A complete remission is defined as near normalization of periph-
eral blood counts (hemoglobin > 11 g/dL, platelets > 100 x 10°/L,
and neutrophils >1.5%x10%/L) along with regression of spleno-
megaly and morphological absence of hairy cells in the bone
marrow and peripheral blood [14].

Progression-free survival (PFS) was calculated from the date
of diagnosis until the date of relapse. Overall survival (OS)
was calculated from the date of diagnosis to the date of the
last follow-up. Survival analysis was performed using Kaplan-
Meier, and differences were determined using the log-rank test
(p<0.05). Statistical analysis was performed using IBM SPSS 25
statistical software.

We aimed to describe the frequency, clinical, and biological
characteristics of HCL patients in our center and the most com-
mon side effects related to treatment with purine analogs.

Our institution's ethical committee board approved the study.

3 | Results

Table 1 summarizes the baseline characteristics of the study
population (N=21). There was a male predominance (57%),
and the median age at diagnosis was 61. Most cases were HCL,
and only three patients were HCL-variant when using Matute's
score. Patients with treatment indication (n=19) were mainly

TABLE1 | Baseline characteristics at diagnosis (n=21).

Mean Median
Age 61.7 61.0
Hemoglobin (g/dL) 12.3 12.5
Platelets (x10°/L) 126.3 100.0
Leukocytes (x10%/L) 4.0 2.9
Lymphocytes (x10°/L) 1.9 1.3
Neutrophils (x10°/L) 1.7 1.1
LDH 238.8 219.5
Frequency Percentage

BRAF status

Mutated 7.0 33.30%

Wild type 8.0 38.10%

Not evaluable 5.0 23.80%

Not assessed 1.0 4.80%
CD38 (n=14)

Positive 6 42.90%
CD22 (n=21)

Positive 21 100%
CD11c (n=21)

Positive 21 100%
IGHV status

Mutated 1.0 4.80%

Wwild type 5.0 23.80%

Not assessed 15.0 71.80%
Matute’s score >3 18 85.70%
Cytogenetics (n=12)

Normal 11.0 91.60%

Complex 1.0 8.60%
Gender

Male 12.0 57%

Female 9.0 43%
Splenomegaly 14 67%

treated with purine analogs (Cladribine 0.12mcg/kg/day, for 5
consecutive days); only one patient underwent splenectomy.

Splenomegaly is very common at the time of diagnosis (67%),
and the most relevant cytopenia was thrombocytopenia (me-
dian 100x 10°/L (17-333 x 10°/L)). Flow cytometry shows strong
CD22, CD20, and CD11c expression, and CD38 was positive in
43% of patients.

Our study found BRAF mutation in 33% of assessed patients.
Around 25% of HCL patients had unmutated IGHV, although
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it was not tested in more than half of the patients, which is the
main limitation of our study, as well as detecting BRAF muta-
tion in only one-third of the patients.

Eighteen patients received Cladribine (2CDA) treatment in the
first line. Eleven patients (61%) required one cycle of 2CDA, and
seven patients (41%) required two cycles to achieve a response.
Fourteen patients (77.8%) achieved a complete response and four
(22.2%) achieved a partial response after treatment. After a me-
dian follow-up of 51 months (6-170 months), three cases of the
cohort relapsed, and one case died due to other comorbidities.

The 5-year OS and PFS were 100% and 91.7% (95% CI, 77.3%-
100%), respectively.
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Figure 1 shows the cohort's OS and PFS.

Only one patient in the cohort died due to disseminated colorec-
tal cancer.

In our cohort, infections were identified in 38% of patients during
the follow-up period (Table 2). The most frequently isolated mi-
croorganisms were from the herpes virus family and mycobac-
teria. Of the patients, 80% and 67% received prophylaxis against
Pneumocystis Jirovecii and herpes simplex virus, respectively.

There were four cases of severe skin reactions and multiple drug
hypersensitivity due to T-cell imbalance induced by 2CDA. All re-
actions were treated with antihistamines and corticosteroids [4].
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FIGURE1 | Overall survival (A) and progression-free survival (B) of 2-CDA-treated patients.
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TABLE 2 | Infections.

Case 1l Candidiasis sp.

Case 2 Escherichia coli bacteremia

Case 3 Herpes simplex virus

Case 4 Varicella-zoster virus, Sars-Cov-2
pneumonia, Influenza A virus

Case 5 Mycobacterium bovis bacteremia

Case 6 Mycobacterium tuberculosis

Case 7 Staphilococcus haemolyticus bacteraemia

4 | Discussion

Hairy cell leukemia (HCL) is a rare hematological malignancy
characterized by mature lymphocytes with “hairy” projec-
tions in the bone marrow and spleen. It is less common in pe-
ripheral blood. At the time of diagnosis, patients frequently
present with pancytopenia and splenomegaly, and the in-
creased risk of infections is characteristic throughout the dis-
ease course [15].

BRAF V600E mutation is detected in the vast majority of cases of
HCL. Patients whose mutation is not identified may have cases
of v-HCL or alternative BRAF mutations. Mutations of TP53
can be detected in a small proportion of patients and are associ-
ated with an unmutated IGHV status, resistance to cladribine,
and shorter event-free survival [14]. In our cohort, in 38% of
patients, BRAF V600E mutation was not detected, but in up to
28.6% of cases, either detection was not assessed or it was not
evaluable due to the low quality of DNA extracted from paraffin-
embedded blocks, which was the main limitation of our study.
In these cases, BRAF immunohistochemistry would have been
useful, but it was not available in our center at the time of di-
agnosis. In fact, the BRAF V600E mutation was not integrated
into routine diagnostic work-up guidelines until approximately
2017. Consequently, cases diagnosed before this time were clas-
sified based on classic morphological and immunophenotypic
criteria alone.

We acknowledge that the small sample of our series is a limita-
tion, but we believe it still provides valuable insights. We plan for
a multi-center follow-up study.

Purine analogs are indicated in first-line HCL patients, con-
ferring in most cases a long OS, as it is shown in our study.
However, combining chemoimmunotherapy as a first-line treat-
ment represents an increasingly used therapeutic approach, and
recent data suggest that it could improve the duration of the
complete response.

Purine analogs prolong the suppression of immune effector cells
(e.g., CD41 T cells), increasing the risk of opportunistic infec-
tions, which are the leading causes of death [14].

The previously observed predisposition of patients with HCL to
infections is confirmed in our cohort, where the infection rate
was 38%, especially infections due to mycobacteria, the herpes

virus family, or respiratory viruses, and two cases of bactere-
mia by gram-negative and coagulase-negative staphylococcus.
The institutional protocol for patients receiving purine analogs
was updated in 2015 due to the recognized risk of Pneumocystis
jirovecii pneumonia (PJP) and included the systematic prophy-
lactic use of TMP/SMX and acyclovir. Patients treated before
this date did not routinely receive PJP prophylaxis, while those
treated after 2015 did.

Kapoor et al. describe the incidence and characteristics of infec-
tions in a retrospective cohort with 149 patients. The infectious
rate (36.2%) is comparable to that observed in our study. Most
cases (69%) were bacterial; secondly, they observed viral infec-
tions, including viruses of the respiratory tract and reactivation
of the varicella-zoster virus, as it shown in our study, and finally,
fungal infections [5].

Health education strategies for infection prevention and sup-
portive treatments, such as anti-infective prophylaxis or myeloid
growth factors, are essential in managing these patients. Using
new targeted drugs is another way to reduce the risk of infec-
tions, and moving forward with these strategies will impact in-
fection control.

BRAF inhibitors (Vemurafenib) are used in patients in whom
purine analogs are contradicted, such as patients with serious
infections or refractory conditions. Responses have been shown
both in monotherapy and in combination with Rituximab, with
a high overall response rate (ORR) (96%-100%) and complete re-
sponse rate (>87%) [16]. It is essential to recognize side effects
from BRAF inhibitors, such as skin rash, arthritis, or secondary
skin tumors.

Vemurafenib plus Obinutuzumab has been tested for un-
treated classical HCL in a multi-center, open-label, single-
arm phase II study (NCT03410875). In this trial, it was shown
that combined time-limited Vemurafenib and Obinutuzumab
achieved complete response in more than 90% of patients, and
no patient experienced disease relapse at a median follow-up
of 34.9 months [17].

The novel therapy Moxetumomab pasudotox (HA22, CAT-8015)
is an immunotoxin directed against a specific cell surface target,
such as CD22 [18]. It was available for relapsed/refractory HCL
patients with or without BRAFV600E mutations and v-HCL;
nevertheless, it is currently not used since it was withdrawn
from the market.

On the other hand, a higher incidence of antibiotic allergies
has been described in patients treated with 2CDA compared
to patients not treated or treated with other drugs. This com-
plication probably occurs due to immune dysregulation in the
setting of profound CD4+ lymphopenia caused by 2CDA [4].
Our cohort detected 4 cases of allergies and skin reactions re-
lated to 2CDA.

The development of secondary neoplasms has also been reported
in the literature as a treatment-related complication, and age
and cumulative treatment are probably the most important risk
factors. Another key consideration in these patients is whether
there is an inherent predisposition to secondary neoplasms due
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to immune dysfunction associated with HCL. In this respect,
further investigation is still needed.

Based on the high morbidity of infections in these patients and
the reasonable response rates of new targeted drugs, it would
be interesting to introduce targeted therapies in previous lines
in refractory patients and especially in those with an increased
risk of infection.

5 | Conclusion

The study highlights cladribine's effectiveness in inducing re-
mission in HCL patients, pointing out the significant risk of
infections and other adverse effects. Introducing targeted treat-
ments like BRAF inhibitors provides promising alternatives,
especially for resistant patients or those intolerant to purine
analogs. Future strategies should focus on integrating targeted
therapies to reduce treatment-related morbidity.
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