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Importance of BRAF V600E Testing in
Diagnosis and Treatment
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INTRODUCTION

Hairy cell leukemia (HCL) is a rare B-cell neoplasm
typically of middle-aged men. Pancytopenia, particu-
larly monocytopenia, splenomegaly, and hairy-
appearing leukemic B cells in the bone marrow
(BM) represent the classical triad of findings.1 In
contrast, chronic lymphocytic leukemia (CLL) is usu-
ally diagnosed on the basis of a constellation of
findings including lymphocytosis and the presence of
a monotonous population of small lymphocytes with
clumped chromatin and scant cytoplasm in the pe-
ripheral blood smear.1 CLL cells generally have bright
expression of CD5 and CD23, with dim CD20 and
monotypic surface immunoglobulin, whereas HCL
cells exhibit bright expression of CD19, CD20, CD22,
and monotypic surface immunoglobulin with expres-
sion of CD103, CD25, CD11c, annexin A1, DBA.44,
and cyclin D1 (usually weak). Variant immunophe-
notypes of classical HCL are well-documented; how-
ever, CD5+ is extremely rare (, 2%) and CD23
expression is generally reported to be negative with
several reports showing atypical and heterogeneous
expression in a small subset of cases (6%).2,3 Dual,
uniformly bright expression of CD5 and CD23 has not
been previously described in HCL, which may pose a
diagnostic challenge, especially in the absence of
immediate molecular data. Diagnosis of HCL has
traditionally depended uponmorphologic phenotyping
and immunophenotyping, which allow for distinction
from HCL-like disorders. A correct diagnosis is vital
because purine analogs, such as cladribine or pen-
tostatin, are very effective in HCL, with complete re-
mission rates of around 75%,4 but generally less
effective in other lymphomas. The BRAF V600E point
mutation, substituting thymine with adenine at position
1799 on exon 15, has been identified as an HCL-
defining genetic mutation,5 with presence in the entire
tumor cell clone in virtually all patients with HCL.6

Additionally, mutant BRAF-targeted agents, such as
vemurafenib, have been shown to be effective in re-
lapsed, refractory HCL and in situations where critically
ill patients cannot be treated with purine analogs.7,8

Given the high sensitivity and specificity of BRAF
V600E testing for genetics-based diagnosis of HCL,9,10

early testing for BRAF V600E will allow both diagnostic
accuracy and appropriate treatment regimens.

Herein, we describe a 68-year-old female with HCL
who was treated for a CD5+ B-cell lymphoproliferative
disorder prior to definitive diagnosis because of phe-
notypically aberrant findings. We provide evidence of
true classical HCL diagnosis as well as BRAF V600E
mutational status and treatment implications.

CASE REPORT

A 68-year-old female presented in March 2019 with
marked pancytopenia, WBC count 0.92 K/μL, hemo-
globin (Hgb) 8.3 g/dL, platelets (PLT) 61 K/μL, mean
corpuscular volume 104.8 fL, and absolute neutrophil
count (ANC) 0.27 K/μL and monocyte count 5.4%.
Physical examination was remarkable for cellulitic rash
over the lower extremity and associated edema. No
palpable lymphadenopathy nor splenomegaly was
identified. Computed tomography imaging also showed
no evidence of splenomegaly. A BM biopsy was per-
formed on March 13, 2019, and although there were
atypical features such as bright CD20+ and LEF1–, the
patient was diagnosed with a CD5+ B-cell lympho-
proliferative disease, not otherwise specified. On the
basis of these findings, the patient was started on rit-
uximab and bendamustine on March 22, 2019.
However, she developed severe pancytopenia, with
WBC 0.4 K/μL, Hgb 8.0 g/dL, PLT 41 K/μL, and ANC
0 K/μL. Her course was complicated by a severe drug
rash, neutropenic septic shock, anasarca, and bilat-
eral lower extremity deep vein thrombosis. At this time,
she was transferred to Memorial Sloan Kettering Cancer
Center on April 6, 2019, for further management and
molecular results from the original BM biopsy were
reported (March 25, 2019).

Workup at our institution was initiated and peripheral
blood flow cytometry revealed an abnormal B-cell pop-
ulationwith immunophenotype summarized in Figure 1. A
subsequent BM biopsy was performed on April 30, 2019,
along with repeat cytogenetic and molecular studies.
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METHODS

This study was performed in accordance with the Decla-
ration of Helsinki. The patient provided informed consent,
and the study has been approved by the Memorial Sloan
Kettering Cancer Center institutional review board. The
patient consented to publication of this case report.

Immunohistochemical (IHC) stains were performed as per
departmental protocol. Somatic mutation profiling and copy
number variant analysis were done using a target next-
generation sequencing (NGS)–based assay with a panel of
400 genes relevant to hematologic malignancies.11 IGH
clonal rearrangement studies were performed using a
commercially available NGS-based assay, LymphoTrack
(Invivoscribe Inc, San Diego, CA). Clonal calling and an-
alyses were performed as described previously.12

GENETIC TESTING

Cytogenetic Analysis

Pathologic examination of the March 2019 BM biopsy
revealed extensive involvement (. 95%) by a CD5+ B-cell
lymphoma (Fig 1). Immunophenotyping of these pop-
ulations by IHC staining and flow cytometry demonstrated
CD20+; PAX5 (dim)+; CD5+; CD23+; CD79a+; kappa;
CD200+; FMC7+; CD10–; LEF1–; annexin A1–; CD25–;
CD103–; and negative for cyclin D1, Sox11 BCL2, BCL6,
and CMYC. Cytogenetic testing revealed normal karyotype
46, XX [20] and normal fluorescent in situ hybridization
results using probes for MALT1, MYB, ATM, CCND1, IGH,
CEP 12, 13q, and TP53.

Repeat pathologic examination after R-Benda treatment
showed persistent HCL, in peripheral blood and BM. In light
of previous findings, BRAF V600E immunohistochemistry
was performed and positive, along with persistent positivity
for CD5 and CD23 (Fig 2).

Multiplex Polymerase Chain Reaction Analysis

Multiplex polymerase chain reaction analysis detected a
BRAFmutation in exon 15, p.V600E or p.V600Dor p.V600E2.

IGH Clonal Rearrangement Analysis

NGS-based assay was performed on the in-house BM
sample, which exhibited a single clonal sequence with
mutated (5.8%) IGHV mutation status and V-J segment
usage of V3-7-J4.

Somatic Mutation Profiling

Targeted NGS assay was performed with germline variant
filtering using DNA from the patient’s fingernails and revealed
a BRAF (NM_004333) exon15 p.V600E (c. 1799T.A) with
a mutational allele frequency of 13% (Fig 2).

TREATMENT AND FOLLOW-UP

On the basis of these results, the patient was diagnosed
with classical HCL. Because of her severe pancytopenia
and ongoing infection issues from the R-Benda treatment,
it was decided that she should be treated with the BRAF

V600E–targeted agent vemurafenib, rather than purine
analogs. She started receiving vemurafenib 240 mg twice a
day on May 30, 2019. She developed a generalized drug
rash secondary to vemurafenib leading to dose reduction to
240 mg daily from June 11, 2020, to July 12, 2020. Her
rash was also treated with prednisone, and she resumed
vemurafenib 240 mg twice a day on July 13, 2020, and
escalated to 480 mg twice a day from August 1, 2019, to
March 13, 2020, with prednisone 20 mg and a prolonged
taper, completing nine cycles. Treatment with vemurafenib
correlated with resolution of circulating hairy cells in the
peripheral blood and an improvement of her hematologic
parameters, WBC 6.6 K/μL, Hgb 13.1 g/dL, PLT 140 K/μL,
mean corpuscular volume 100 fL, and ANC 4.8 K/μL (Fig 3).

DISCUSSION

Classical HCL is characterized by its distinct morphologic
appearance and fairly specific immunophenotype. To our
knowledge, this is the first case report showing strong and
uniform expression of CD5 and CD23, typical for CLL in a
case that is morphologically and clinically consistent with
HCL. Such initial findings were misleading, and as ex-
pected, treatment for CLL, rituximab and bendamustine,
hadminimal effect. Many studies have shown that upwards
of 95%-100% of classical HCL cases are associated with a
mutation of the BRAF serine/threonine protein kinase,
BRAF V600E, a key driver mutation in HCL.3,5 The BRAF
V600E mutation induces constitutive activation of BRAF
through autophosphorylation, which then phosphorylates
and activates MEK1 and MEK2 downstream of the MERK-
ERK signaling pathway, leading to increased expression of
cyclin D1 and decreased expression of p27—both dis-
tinctive features of HCL.13BRAF-V600E has been identified
as the HCL-defining genetic lesion for its ubiquitous
presence in all stages of the disease, including clinically
atypical HCL, such as those without splenomegaly or with
leukocytosis.9 Although BRAF mutational identification is
included as part of the diagnostic criteria, it is not currently
required, likely because of its absence in one subset of
classical HCL associated with IgVH4-34 usage.14 Given the
atypical features on the initial diagnostic workup in this case
(such as diffusely positive CD20 and LEF1 negativity),
testing for the BRAF V600E mutation should have been
considered early in the diagnostic workup. Although this
mutation has been described in other B-cell malignancies,
including splenic marginal-zone lymphoma, B-cell chronic
lymphoproliferative disorders, B-prolymphocytic leukemia,
and CLL, these cases have been very rare when compared
with its near-ubiquitous presence in HCL.15,16 BRAF mu-
tations occur at a low frequency in CLL, about 2%-5%, and
are associated with worse prognosis; however, the majority
of CLL cases do not involve the V600E domain responsible
for constitutive BRAF activation and mutations are instead
found around the activation segment of the kinase
domain.17,18 A positive test would have raised the suspicion
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for HCL and prompted further immunophenotypic workup
or closer reinspection of morphology.

Notably the presence of the BRAF V600E mutation in-
cluded a targeted inhibitor into therapeutic consideration
for this patient. BRAF inhibitors induce MEK and ERK
dephosphorylation in primary HCL cells,6 and several
case reports have shown efficacy of low-dose vemur-
afenib in relapsed or refractory patients with HCL.19

Conversely, in vitro studies showed that inhibition of
the MEK-ERK signaling using mutant BRAF inhibitors
showed no effect on the viability of CLL cells.18,20 This
patient in particular was treated with vemurafenib, rather
than first-line HCL treatment with purine analogs, be-
cause of severe pancytopenia and ongoing infection
issues secondary to the CLL treatment she initially re-
ceived. Vemurafenib, a BRAF inhibitor, has been shown
to have efficacious results in relapsed or refractory pa-
tients with HCL and in patients with severe cytopenias
preventing continued frontline purine analog therapy.7,21

Although vemurafenib is usually reserved for relapsed or
refractory treatment and is not approved for this indi-
cation, it is being tested in a phase II clinical trial in
combination with obinutuzumab (anti-CD20 antibody) as
frontline therapy in patients with previously untreated
classical HCL (NCT03410875).

Various simple, inexpensive tests for BRAF V600E detec-
tion, such as an allele-specific polymerase chain reaction
qualitative assay followed by gel electrophoresis or BRAF
V600E mutation–specific antibody VE1, have also been
described in literature.6,22,23 In our case, although the di-
agnosis was initially misguided because of atypical
immunophenotype, HCL phenotype was ultimately cor-
roborated by both IHC staining and flow cytometry with
uniform and bright expression, particularly with BRAF
mutation identification. This highlights the importance of
morphologic evaluation in conjunction with clinical pa-
rameters even in the setting of new and improved testing
methodology. BRAF V600E genetic testing should be
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FIG 1. Initial pathologic examination of BM biopsy. (A) H&E-stained sections show a hypercellular BM. (B) On high power, the cells show a
characteristic fried egg appearance. (C) They are CD20 diffusely positive. (D) Aspirate smears were paucicellular and pauci-spicular.
(E) Peripheral blood showed occasional circulating hairy cells. (F and G) The BM showed the CD20+ cells were diffusely and strongly CD5+
and CD23+ (H and I) while being negative for CD25 and annexin A1. BM, bone marrow; H&E, hematoxylin and eosin.
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widely available to aid in the diagnosis of HCL and espe-
cially considered in cases where there is diagnostic am-
biguity. This could ultimately prevent incorrect diagnosis
and treatment, which would improve overall outcomes in
HCL remission and survival rates.
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FIG 2. In-house pathologic examina-
tion. Flow cytometric analysis of the
peripheral blood shows the neoplastic
B cells (blue) that appear in the
monocyte gate are positive for CD25
and CD11c (partial), CD200 (bright),
and CD103 (small subset). They are
monotypic for kappa light chain and
persistently express CD5 and CD23.
H&E shows a hypocellular bone marrow
with an extensive CD20 infiltrate that
expresses BRAF V600E by immunohis-
tochemistry. LymphoTrack (seeMethods)
shows a dominant sequence (266 bp in
length) with V3-7 J4 usage comprising
91.6% reads. Integrated Mutation Profil-
ing of Actionable Cancer Targets testing
shows a BRAF V600E mutation with
overall coverage 269× comprising 36 of
269 (13%) corresponding with the mu-
tant allele frequency. bp, base pair; H&E,
hematoxylin and eosin; SSC-H, side
scatter height.
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FIG 3. Vemurafenib initiated on May 30, 2019, once BRAF V600E
identified with improving cell lines and notable decrease of HCL.
Despite dose reduction of vemurafenib to 240 mg daily from twice
daily, the patient continued to exhibit resolution of circulating hairy
cells and significant improvement in her hematologic markers. ANC,
absolute neutrophil count; HCL, hairy cell leukemia; Hgb, hemo-
globin; PLT, platelets.

Case Report

1038 © 2021 by American Society of Clinical Oncology



CORRESPONDING AUTHOR
Justin Taylor, MD, Sylvester Comprehensive Cancer Center, 1501 NW
10th Ave, Miami, FL 33136; e-mail: jxt1091@miami.edu.

SUPPORT
J.T. is supported by the American Society of Hematology, the Robert
Wood Johnson Foundation, the Edward P. Evans MDS Foundation, and
the NIH/NCI (1K08CA230319-01).

AUTHOR CONTRIBUTIONS
Conception and design: Deborah Soong, Priyadarshini Kumar, Justin
Taylor
Provision of study materials or patients: Jae Park
Collection and assembly of data: Priyadarshini Kumar, Karan Jatwani,
Ahmet Dogan, Justin Taylor
Data analysis and interpretation: Deborah Soong, Priyadarshini Kumar,
Karan Jatwani, Jae Park, Justin Taylor
Manuscript writing: All authors
Final approval of manuscript: All authors
Accountable for all aspects of the work: All authors

AUTHORS’ DISCLOSURES OF POTENTIAL CONFLICTS OF
INTEREST
The following represents disclosure information provided by the authors
of this manuscript. All relationships are considered compensated unless

otherwise noted. Relationships are self-held unless noted. I = Immediate
Family Member, Inst = My Institution. Relationships may not relate to the
subject matter of this manuscript. For more information about ASCO’s
conflict of interest policy, please refer to www.asco.org/rwc or ascopubs.
org/po/author-center.
Open Payments is a public database containing information reported by
companies about payments made to US-licensed physicians (Open
Payments).

Jae Park
Consulting or Advisory Role: Amgen, Novartis, Pfizer, Kite (a Gilead
company), Autolus, Takeda, Servier, Incyte, Intellia Therapeutics, Innate
Pharma, Artiva
Research Funding: Juno Therapeutics, Genentech/Roche

Ahmet Dogan
Consulting or Advisory Role: Seattle Genetics, Takeda, EUSA Pharma,
AbbVie, Peerview, Physicans’ Education Resource
Research Funding: Roche/Genentech

No other potential conflicts of interest were reported.

ACKNOWLEDGMENT
We would like to acknowledge the members of the Memorial Sloan
Kettering Cancer Center diagnostic molecular laboratory, cytogenetic
laboratory, flow cytometry laboratory, and immunohistochemical stain
laboratory for performing the relevant assays.

REFERENCES
1. Swerdlow SH, Campo E, Harris NL, et al: WHO Classification of Tumours of Haematopoietic and Lymphoid Tissues (ed 4). Lyon, France, International Agency

for Research on Cancer (IARC), 2017

2. Jain D, Dorwal P, Gajendra S, et al: CD5 positive hairy cell leukemia: A rare case report with brief review of literature. Cytometry B Clin Cytom 90:467-472, 2016

3. Shao H, Calvo KR, Gronborg M, et al: Distinguishing hairy cell leukemia variant from hairy cell leukemia: Development and validation of diagnostic criteria. Leuk
Res 37:401-409, 2013

4. Else M, Dearden CE, Catovsky D: Long-term follow-up after purine analogue therapy in hairy cell leukaemia. Best Pract Res Clin Haematol 28:217-229, 2015

5. Tiacci E, Trifonov V, Schiavoni G, et al: BRAF mutations in hairy-cell leukemia. N Engl J Med 364:2305-2315, 2011

6. Tiacci E, Schiavoni G, Forconi F, et al: Simple genetic diagnosis of hairy cell leukemia by sensitive detection of the BRAF-V600E mutation. Blood 119:192-195,
2012

7. Bohn JP, Pircher A, Wanner D, et al: Low-dose vemurafenib in hairy cell leukemia patients with active infection. Am J Hematol 94:E180-E182, 2019

8. Tiacci E, Park JH, De Carolis L, et al: Targeting mutant BRAF in relapsed or refractory hairy-cell leukemia. N Engl J Med 373:1733-1747, 2015

9. Falini B, Martelli MP, Tiacci E: BRAF V600E mutation in hairy cell leukemia: From bench to bedside. Blood 128:1918-1927, 2016

10. Quest GR, Johnston JB: Clinical features and diagnosis of hairy cell leukemia. Best Pract Res Clin Haematol 28:180-192, 2015

11. Cheng DT, Mitchell TN, Zehir A, et al: Memorial Sloan Kettering-integrated mutation profiling of actionable cancer targets (MSK-IMPACT): A hybridization
capture-based next-generation sequencing clinical assay for solid tumor molecular oncology. J Mol Diagn 17:251-264, 2015

12. Arcila ME, Yu W, Syed M, et al: Establishment of immunoglobulin heavy (IGH) chain clonality testing by next-generation sequencing for routine characterization
of B-cell and plasma cell neoplasms. J Mol Diagn 21:330-342, 2019

13. Davies H, Bignell GR, Cox C, et al: Mutations of the BRAF gene in human cancer. Nature 417:949-954, 2002

14. Xi L, Arons E, Navarro W, et al: Both variant and IGHV4-34-expressing hairy cell leukemia lack the BRAF V600E mutation. Blood 119:3330-3332, 2012

15. Arcaini L, Zibellini S, Boveri E, et al: The BRAF V600E mutation in hairy cell leukemia and other mature B-cell neoplasms. Blood 119:188-191, 2012

16. Raess PW, Mintzer D, Husson M, et al: BRAF V600E is also seen in unclassifiable splenic B-cell lymphoma/leukemia, a potential mimic of hairy cell leukemia.
Blood 122:3084-3085, 2013

17. Leeksma AC, Taylor J, Wu B, et al: Clonal diversity predicts adverse outcome in chronic lymphocytic leukemia. Leukemia 33:390-402, 2019

18. Gimenez N, Martinez-Trillos A, Montraveta A, et al: Mutations in the RAS-BRAF-MAPK-ERK pathway define a specific subgroup of patients with adverse clinical
features and provide new therapeutic options in chronic lymphocytic leukemia. Haematologica 104:576-586, 2019

19. Dietrich S, Zenz T: BRAF inhibitor therapy in HCL. Best Pract Res Clin Haematol 28:246-252, 2015

20. Jebaraj BM, Kienle D, Buhler A, et al: BRAF mutations in chronic lymphocytic leukemia. Leuk Lymphoma 54:1177-1182, 2013

21. Shenoi DP, Andritsos LA, Blachly JS, et al: Classic hairy cell leukemia complicated by pancytopenia and severe infection: A report of 3 cases treated with
vemurafenib. Blood Adv 3:116-118, 2019

22. Andrulis M, Penzel R, Weichert W, et al: Application of a BRAF V600E mutation-specific antibody for the diagnosis of hairy cell leukemia. Am J Surg Pathol
36:1796-1800, 2012

23. Akarca AU, Shende VH, Ramsay AD, et al: BRAF V600E mutation-specific antibody, a sensitive diagnostic marker revealing minimal residual disease in hairy
cell leukaemia. Br J Haematol 162:848-851, 2013

n n n

Case Report

JCO Precision Oncology 1039

mailto:jxt1091@miami.edu
http://www.asco.org/rwc
http://ascopubs.org/po/author-center
http://ascopubs.org/po/author-center
https://openpaymentsdata.cms.gov/
https://openpaymentsdata.cms.gov/

	Hairy Cell Leukemia Masquerading as CD5+ Lymphoproliferative Disease: The Importance of BRAF V600E Testing in Diagnosis and ...
	INTRODUCTION
	CASE REPORT
	METHODS
	GENETIC TESTING
	Cytogenetic Analysis
	Multiplex Polymerase Chain Reaction Analysis
	IGH Clonal Rearrangement Analysis
	Somatic Mutation Profiling

	TREATMENT AND FOLLOW-UP
	DISCUSSION
	REFERENCES


