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ABSTRACT Objective: Hairy cell leukemia (HCL) is a rare and indolent lym-
phoproliferative disease characterized by the infiltration of hairy shaped leukemic
B cells with specific immunophenotypic features in the bone marrow, spleen and
liver resulting in progressive pancytopenia and splenomegaly. Purine analogs are
preferred as the first-line treatment for HCL. This study investigates the signifi-
cance of BRAF V600E mutations in HCL diagnosis and prognosis, focusing on
their baseline and post-cladribine treatment incidences and impacts on patient
survival. Material and Methods: This retrospective, case-control study com-
prises HCL patients diagnosed and treated between July 2012 and June 2014. The
study group includes 22 HCL patients (newly diagnosed n=10, remission n=12).
The control group comprises B-cell chronic lymphoproliferative disease patients
(n=10). All HCL patients underwent cladribine treatment. Patient demographics,
clinical characteristics, and survival outcomes were recorded. Results: The mean
age of the predominantly male (81.8%) study group was 51.1+10.2 years. No sig-
nificant differences in demographic and clinical features existed between the
groups (p>0.05). The incidence of BRAF V600E mutation among HCL patients,
initially 69.2%, fell to 20% post-treatment. Yet, no significant disparity in over-
all survival and mortality rates was found between HCL patients with/without
BRAF V600E mutation (p=0.256 and p=0.999). Conclusion: The proportion of
HCL patients with BRAF V600E mutations decreased from 69.2% to 20% post-
cladribine. However, persistence of the mutation didn’t significantly affect HCL
patient survival and mortality.

Keywords: Hairy cell leukemia; BRAF V600E mutation;
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OZET Amag: Tiiylii hiicreli [6semi [hairy cell leukemia (HCL)] splenomegali ve
ilerleyici pansitopeni ile seyreden, kemik iligi, dalak ve karacigerin tiiylii gorii-
niimlii 16semik B hiicreleri ile infiltre oldugu, yavas seyirli, spesifik immiinofe-
notipik bulgulara sahip, nadir goriilen bir hastaliktir. Gliniimiizde, HCL nin
tedavisinde ilk basamakta piirin analoglar tercih edilmektedir. Bu ¢alismada,
BRAF V600E mutasyonunun HCL tani ve prognozundaki énemi, kladribin te-
davisi 6ncesi ve sonrasi insidanslar1 ve hasta sagkalimu iizerine etkileri arastiril-
maktadir. Gere¢ ve Yontemler: Bu retrospektif vaka-kontrol ¢aligmasinin
popiilasyonu, Temmuz 2012-Haziran 2014 arasinda tani ve tedavi géren HCL
hastalarindan olugsmaktadir. Calisma grubu 22 HCL hastasini (yeni tan1 n=10, re-
misyon n=12) i¢erirken, kontrol grubu B hiicreli kronik lenfoproliferatif hastaligi
olan hastalar1 (n=10) kapsamaktadir. Tiim HCL hastalarina kladribin tedavisi uy-
gulanmugtir. Hastalarin demografik ve klinik 6zellikleri kaydedilmistir. Bulgu-
lar: Calisma grubu, agirlikli olarak erkek (%81,8) ve ortalama yas 51,1410,2 idi.
Gruplar arasinda demografik ve klinik 6zelliklerde anlamli bir fark bulunmamus-
tir (p>0,05). Baslangigtaki BRAF V600E mutasyonu pozitifligi oran1 %69.2 iken,
tedavi sonrasi %20’ye diismiistiir. Ancak BRAF V600E mutasyonu olan ve ol-
mayan HCL hastalar1 arasinda genel sagkalim ve 6liim oranlarinda belirgin bir
fark goriilmemistir (p=0,256 ve p=0,999). Sonug¢: Kladribin tedavisi sonrasi
BRAF V600E mutasyonlu HCL hastalarimin oran1 %69,2’den %20’ye diismiistiir.
Ancak kladribin tedavisi sonras1 mutasyonda negatiflesmenin HCL hastalarinda
sagkalim ve mortalite iizerinde anlamli bir etkisi bulunmamaktadir.
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kladribin; 6liim orani; sagkalim
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Hairy cell leukemia (HCL) is a rare chronic, B-
cell lymphoproliferative disorder characterized by
massive splenomegaly, pancytopenia, and typically
hairy appearing cells.> Bone marrow, spleen, and
liver are infiltrated by these cells. In addition to many
hairy cells circulating in peripheral blood, the absence
of lymphadenopathy is another characteristic finding
of this disease.?? Its diagnosis is usually based on cy-
tomorphology, immunophenotyping, and immuno-
histopathology.*

Flow cytometric analysis revealed that HCL
has bright co-expressions of the cluster of differen-
tiation 19 (CD19), CD20, CD22, CD25, CD103, and
CDll1c, depending on its variants.>>’ Although
these features are beneficial in diagnosing HCL and
differentiating it from other B-cell lymphoprolifer-
ative diseases, gene expression profiles focusing on
BRAF (v-raf murine sarcoma viral oncogene ho-
molog B1) V600OE mutations may provide evident
data in cases with atypical morphologies or im-
munophenotypes. '+

As a member of the serine/threonine protein ki-
nase family, BRAF is essential in the RAS- RAF -
MEK-ERK signaling pathway that regulates cell pro-
liferation and survival.® The BRAF V600E mutation
has been previously demonstrated via whole-exome
sequencing in patients with HCL.>*%-!! It is regarded
as the disease-defining genetic lesion for the typi-
cal/classical variant of HCL.® Other B-cell variants,
including HCL-variant unclassifiable splenic
leukemia/lymphoma, splenic marginal zone lym-
phoma, Waldenstrém macroglobulinemia, chronic
lymphocytic leukemia, and mantle cell lymphoma are
devoid of this mutation.** Identification of BRAF
V600E mutations has clarified the controversial is-
sues regarding the pathogenesis and biology of HCL.’
To give an example, the use of purine analogs in the
treatment of HCL has been associated with BRAF

V600E mutations.>'?

In this context, this study was carried out to in-
vestigate the incidence of baseline and post-treatment
BRAF V600E mutations in HCL patients treated with
cladribine and the impact of pre- and post-treatment
BRAF V600E mutation incidence on clinical param-
eters, including survival, in these patients.
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I MATERIAL AND METHODS
STUDY DESIGN

This study was designed as a retrospective, case-con-
trol study. Local ethics committee approval was ob-
tained from Clinical Research Ethics Committee of
Istanbul University-Faculty of Medicine (date: June
29, 2012, number: 1221). The study was carried out
in accordance with the ethical principles set forth in
the Declaration of Helsinki. Written informed con-
sent could not be obtained from the patients due to
the study’s retrospective design.

POPULATION AND SAMPLE

This study’s population consisted of patients diag-
nosed with and treated for HCL in the Department of
Hematology, Faculty of Medicine, Istanbul Univer-
sity, Istanbul, Tiirkiye, between July 2012 and June
2014. The study group consisted of 22 HCL patients
who were newly diagnosed (n=10) or in remission
(n=12). The diagnosis of HCL was made based on
the morphological findings of the bone marrow aspi-
ration and biopsy and the flow cytometric im-
munophenotyping characteristics."'* Giemsa-stained
peripheral blood and bone marrow slides were pre-
pared to determine the morphological spectrum of the
disease. Hairy cell infiltration intensity of >90%, and
tartrate-resistant acid phosphatase and Annexin Al
positivity in the bone marrow aspirates were the pri-
mary findings indicating HCL diagnosis.'* Addition-
ally, peripheral blood samples/bone marrow aspirates
were stained with a multi-colored B-cell chronic lym-
phoproliferative disorder antibody panel to charac-
terize the expression profile of the clonal cells.'
CD20, CD103, CD25, and CD11c were the mono-
clonal antibodies investigated in this study (Becton
Dickinson Biosciences, San Jose, CA, USA).

On the other hand, patients who were consecu-
tively diagnosed with B-cell chronic lymphoprolifer-
ative diseases diagnosed based on the World Health
Organization criteria were included in the study as
the control group (n=10).'

MOLECULAR WORK-UP

Peripheral blood samples were taken from the pa-
tients during their admission to the outpatient clinics.
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Genomic DNA was isolated from these blood samples
using a commercially available kit (Roche Diagnostic
GmbH, Mannheim, Germany). After DNA copy-num-
ber analysis, single nucleotide polymorphism analyses
were performed for the BRAF V600E mutation via the
quantitative reverse transcriptase polymerase chain re-
action method (Roche Light cycler 480 system) in the
DNA samples obtained from the patients in both the
study and control groups. The primer sets for the
BRAF V600E mutation are given below:’

Forward primer set 1: 5°- TAG GTG ATT TTG
GTC TAG CTA CAG T-3’

Forward primer set 2: 5°- GGT GAT TTT GGT
CTA GCT ACA AA-3°

Backward primer: 5° GGC CAA AAA TTT
AAT CAG TGG A-3’

TREATMENT AND FOLLOW-UP

All patients received a single cycle of cladribine treat-
ment at a dose of 0.1 mg/kg/day via continuous in-
travenous infusion for seven days.” In selected cases,
rituximab monotherapy or dual therapy with cladrib-
ine was used.

Patients with complete absence of hairy cells in
the peripheral blood or bone marrow and normal pe-
ripheral blood count values, i.e., hemoglobin >12
g/dL, total lymphocyte count >3x10%L, absolute neu-
trophil count >1.5x10°L, and platelet count >100x
10°/L, absence of palpable adenopathy, hep-
atosplenomegaly, and constitutional symptoms were
deemed to be in complete remission.”!?

A second blood sample was obtained from the
patients to investigate the post-treatment status of the
BRAF V600E mutation in newly-diagnosed patients
or patients with remission during the outpatient fol-
low-up period following the completion of the treat-
ment featuring purine analogs.

Overall survival (OS) was determined based on
the data obtained from the patients’ medical records
and via telephone calls in April 2023. The interval
between the start of treatment to death or the last fol-
low-up was defined as OS.

VARIABLES

The patient’s medical records were used to obtain de-
mographic characteristics, i.e., age at diagnosis and
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gender, and clinical characteristics, i.e., pre-and post-
treatment status of the BRAF V600E mutations, de-
tails of the treatment modalities used for HCL, OS,
and follow-up outcomes.

The patients were grouped according to their dis-
ease status as newly-diagnosed and in remission. Ad-
ditionally, patients’ pre-treatment BRAF V600E
mutations were grouped as mutated and non-mutated.
The study’s primary outcome was the differences be-
tween the survival data based on these two parameters.

STATISTICAL ANALYSIS

The descriptive statistics obtained from the collected
data were expressed mean+standard deviation values
in the case of continuous variables determined to con-
form to the normal distribution, as median with min-
imum-maximum values in the case of continuous
variables determined not to conform to the normal
distribution, and as numbers and percentages in the
case of categorical variables. The Shapiro-Wilk, Kol-
mogorov-Smirnov, and Anderson-Darling tests were
used to analyze the normal distribution characteris-
tics of the numerical variables.

The Fisher’s exact test was used to compare the
differences between categorical variables in 2x2 ta-
bles. The Mann-Whitney U test was used to compare
two independent groups where numerical variables
had no normal distribution.

Jamovi project 2.3.24.0 (Jamovi, version 2.3.24.0,
2023, retrieved from https:/www.jamovi.org)
(Jamovi, Sydney, Australia) and JASP 0.17.1 (Jef-
freys’ Amazing Statistics Program, version 0.17.1,
2023, retrieved from https://jasp-stats.org) (Univer-
sity of Amsterdam, Netherlands) software packages
were used in the statistical analyses. The probability
(p) statistics of <0.05 were deemed to indicate statis-
tical significance.

I RESULTS

The mean age of the study group, i.e., 22 HCL pa-
tients, was 51.1+10.2 years. The study group mainly
consisted of males (81.8%). There were no signifi-
cant differences between HCL patients (study group)
and patients with B-cell chronic lymphoproliferative
diseases (control group) in demographic characteris-
tics (p>0.05) (Table 1).
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TABLE 1: Demographic characteristics of the study and
control groups.

Groups
Study (n=22)  Control (n=10)  p value
Age at diagnosis (year)" 51.1+10.2 55.5+9.2 0.243
Sext
Female 4(18.2) 0(0.0)
0.283
Male 18(81.8) 10 (100.0)

fMeanzstandard deviation, *n (%).

Multicolor flow cytometry revealed that all HCL
patients were positive for CD20, CD103, CD25, and
CDllc.

The pre-and post-treatment of the BRAF V600E
mutations are detailed in Table 2. None of the pa-
tients in the control group had BRAF V600Emuta-
tions. BRAF V600E mutations were detected in 9/13
cases (69.2%) before treatment. Of these nine pa-
tients, eight were newly-diagnosed HCL patients, in-

dicating that 80% of the newly-diagnosed patients
had BRAF V600E mutations before the treatment.

Treatment modalities used in patients with HCL
are detailed in Table 3. Cladribine was used in all pa-
tients. After the treatment, BRAF V600E mutations
were detected in only three patients who were in re-
mission. Therefore, the post-treatment incidence of
the BRAF V600E mutation decreased to 20.0%
(three out of 15 cases with test results) (Table 2).

The median follow-up time was 113 and 152
months in patients with and without BRAF V600E
mutations (p=0.296). The comparison of the study’s
outcomes between the subgroups created based on
the pre-treatment presence of BRAF V600E muta-
tions did not reveal any significant difference be-
tween the groups (p>0.05). The mortality rate was
higher, albeit not significantly, in non-mutated pa-
tients than in mutated patients (p=0.999). There was
also no significant difference between mutated and
non-mutated patients in OS (p=0.256) (Table 4).

TABLE 2: Pre- and post-treatment status of BRAFV600E mutations in the study and control groups.

Overall (n=22)
Pre-treatment BRAFV600E*

Study Group
New diagnosis (n=10)

In remission (n=12) Control group (n=10)

Negative 4(18.2) 2(20.0) 2(16.7) 12(100.0)
Positive 9 (40.9) 8(80.0) 1(8.3) 0(0.0)
Unknown 9 (40.9) 0(0.0) 9(75.0) 0(0.0)
Post-treatment BRAFV600E*
Negative 12 (54.5) 3(30.0) 9(75.0)
Positive 3(13.6) 0(0.0) 3(25.0)
Unknown 7(318) 7(70.0) 0(0.0)
n (%).
TABLE 3: Treatment modalities in patients with hairy cell leukemia.
Overall (n=22) Patients with a new diagnosis (n=10) Patients with remission (n=12)
Medications*
Cladribine 22 10 (100.0) 12 (100.0)
Rituximab 3 1(10.0) 2(16.7)
Interferon 1 0(0.0) 1(8.3)
Other modalities*
Splenectomy 1 0(0.0) 1(8.3)
Radiotherapy 1 0(0.0) 1(8.3)

n (%).
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TABLE 4:

Outcomes of hairy cell leukemia patients with and without pre-treatment BRAFV600E mutation.

BRAFV600E mutated (n=9)

Follow-up time (month)* 113.0 (3.0-146.0)
Prognosis*

Survived 6 (85.7)

1(14.3)

110.0 (3.0-140.0)

Non-survived

Overall survival (month)*

Patients

BRAFV600E non-mutated (n=4) p value
152.0 (12.0-194.0) 0.296*
3(75.0)
0.999**
1(25.0)
150.5 (12.0-193.0) 0.256*

$Median (minimum-maximum); *n (%); *“Mann-Whitney U test; *Fisher’s exact test.

TABLE 5: Outcomes of the patients with hairy cell leukemia.

Overall (n=20)

Prognosis*

Survived 16 (80.0)
Non-survived 4(20.0)
Overall survival (months)’ 143.5 (3.0-230.0)
Survival time (months)* 136.5 (3.0-230.0)

Patients with

New diagnosis (n=8) Remission (n=12)

6 (75.0) 10 (83.3)
2(25.0) 2(16.7)
1115 (3.0-129.0) 163.5 (49.0-230.0)
110.0 (3.0-122.0) 155.0 (48.0-230.0)

$Median (minimum-maximum); *n (%).

Of'the 20 patients with follow-up data, 16 (80%)
were alive at the last follow-up. The overall mortal-
ity rate of the patients with HCL was 20.0%. The me-
dian OS of the study group was 143.5 months,
ranging from three to 230 months. The distribution
of mortality rate and OS by the disease-based sub-
groups is given in Table 5.

The findings of this case-control study revealed
that the rate of HCL patients with BRAF V600E mu-
tations, which was 69.2% at baseline, decreased to
20% after cladribine treatment.

However, the persistence of BRAF V600E after
cladribine treatment had no significant effect on OS
and mortality in patients with HCL.

I DISCUSSION

Although earlier studies reported BRAF V600E mu-
tation as a genetic hallmark of HCL, more recent
studies reported the prevalence of BRAF V600E mu-
tations between 70.6% and 89.1%.'*1%2° In one of
these studies conducted in India, Bibi et al. detected
BRAF V600E mutations in 89.1% of the HCL pa-
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tients.! In another study conducted in India, Gupta et
al. detected BRAF V600E mutations in all four pa-
tients tested among 16 patients with HCL.” Wei et al.
reported that BRAF V600OE mutations were detected
in patients with classic HCL.?! In comparison, in this
study, BRAF V600E mutations were detected in
69.2% of the HCL patients. Patients with classic HCL
are rarely non-mutated for BRAF mutations.'* The
HCL patients included in this study were not stratified
according to the type of HCL, i.e., classic or variant
HCL. Nonetheless, it may be speculated that the
BRAF V600E mutations detected in HCL patients
might be attributed to an undiagnosed variant of HCL.

It has been suggested that BRAF V600E muta-
tion status may indicate minimal residual disease in
HCL.* Schnittger et al. confirmed the efficacy of
using BRAF V600E mutation status in diagnosing
classical HCL and monitoring its residual disease.* In
parallel, several studies reported 45% incidence of
residual disease in mutated HCL cases after cladrib-
ine treatment.' Nevertheless, the impact of the BRAF
V600E mutations on the development of residual dis-
ease could not be assessed in this study. Future stud-
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ies are needed to shed light on the probable relation-
ship between BRAF V600E mutation status and HCL
prognosis. In sum, it can be speculated that the de-
tection of BRAF V600E mutations after treatment
may not indicate the need for treatment.

The technique used to analyze BRAF V600E
mutations may impact the results. In fact, studies con-
ducted with different techniques had varying out-
comes.'* Additionally, the quality of the samples may
be suboptimal if they do not contain sufficient hairy
cells for analysis.> Genomic alterations associated
with BRAF V600E mutations in HCL patients are
also debated.>?? Furthermore, patient- and disease-re-
lated factors may play a role in testing accuracy. All
these factors must be considered when interpreting
the discrepancies between different studies in BRAF
V600E mutation detection rates. The specificity of
the technique used to analyze BRAF V600E muta-
tions may be determined based on the non-detection
of BRAF V600E mutations in the control group.

LIMITATIONS OF THE STUDY

The primary limitation of this study was that the HCL
patients were not stratified according to the variants
of HCL cases. Therefore, the potential relationships
between different variants of HCL and BRAF V600E
mutations could not be evaluated. Another limitation
of the study was its retrospective design, which made
it impossible to access all data.

I CONCLUSION

In conclusion, the rate of HCL patients with BRAF
V600E mutation, which was 69.2% at baseline, de-
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creased to 20% after cladribine treatment. However,
disappearance of the BRAF V600E mutated genes in-
duced by cladribine treatment had no significant ef-
fect on survival and mortality in patients with HCL.
On the other hand, BRAF V600E mutation status can
be used in the diagnosis of HCL and evaluation of the
treatment response. Large-scale studies are needed to
shed light on the probable relationship between pre-
and post-treatment BRAF V600E mutation status and
HCL prognosis.
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