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Key Points

• Infections are a major
cause of morbidity
and mortality in HCL
patients, and myelo-
suppressive therapies
increase the risk of
poor outcomes.

• Vemurafenib achieves
rapid hematologic
improvement in HCL
and may facilitate
management during
life-threatening
infection.

Introduction

Purine nucleoside analogs (PNAs) remain standard treatment of classical hairy cell leukemia
(c-HCL), achieving high rates of complete remission (CR).1 PNAs are known for causing profound
myelosuppression with enduring immunosuppression2; however, the studies in which high CR rates
were reported after cladribine explicitly excluded patients with active infection.3,4 A significant proportion
of patients with HCL present with infection, and there is a need for effective treatments in this setting.5

The BRAF p.V600E mutation, initially recognized as a target in treatment of malignant melanoma,
was identified in the majority of c-HCL cases, leading to successful treatment of PNA-refractory
HCL with BRAF inhibitors (BRAFi).6,7 Although several phase 2 studies confirm a high response rate
to vemurafenib with different dose levels, doses as low as 240 mg twice daily abrogate the signal
from BRAFV600E, interrupting ERK phosphorylation.8 Unlike PNAs, BRAFi carry less risk of
myelosuppression.9,10 Side effects noted with BRAFi include skeletal pain, photosensitivity, skin tumors,
including keratoacanthomas and squamous cell cancers, and renal toxicity. We report 3 cases of
patients with c-HCL with life-threatening infections following PNA treatment who received therapy with
the BRAFi vemurafenib resulting in the reversal of profound cytopenias.

Case description

Case 1

A 52-year-old man presented with pneumonia. Bone marrow biopsy confirmed a diagnosis of c-HCL by
immunohistochemistry and flow cytometry, and BRAF p.V600E mutation was demonstrated. Treatment
with pentostatin (4 mg/m2) was initiated. His absolute neutrophil count (ANC) declined from 0.526 3
109/L to 0 3 109/L upon starting cycle 2. Modifications to treatment included reduced pentostatin
dose (2 mg/m2), delayed schedule of administration (every 3 weeks), and daily filgrastim (480 mg
subcutaneously). Following 6 doses of pentostatin, his ANC was 0.13 3 109/L, and bone marrow biopsy
demonstrated 50% persistent c-HCL.

The patient was hospitalized for acute cholecystitis, which progressed to severe sepsis. Although his
clinical status improved after cholecystostomy and broad-spectrum antibiotics, profound neutropenia
(ANC, 03 109/L) persisted. Salvage treatment with vemurafenib 240 mg orally twice a day was initiated,
and filgrastim was continued. After 1 week, vemurafenib was increased to 480 mg orally twice a day.
After 2 weeks, the patient’s ANC recovered to .3 3 109/L, with durable response despite dis-
continuation of filgrastim.

Vemurafenib was held for 8 days in preparation for cholecystectomy with subsequent drop in ANC from
.33 109/L to 0.13 109/L. Upon reinitiation of vemurafenib, ANC quickly recovered to.33 109/L. Dose
reduction of the vemurafenib was required after 15 weeks due to migratory arthralgias and myalgias,
which are well-known adverse reactions.11 Bone marrow biopsy after treatment revealed 30% to 40%
hairy cell involvement, yet the patient has persistently had normal peripheral blood counts for 3.5 years
after restarting vemurafenib. Considering the profound initial decline in ANC when vemurafenib was
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temporarily held, he now refuses to consider alternative therapy.
Thus, he is maintained on vemurafenib 240 mg orally daily despite
complaints of diffuse arthralgia.

Case 2

A 36-year-old man presented with fatigue and dyspnea on exertion.
Workup revealed ANCof 0.13109/L and platelet count of 343109/L.
A bone marrow biopsy was consistent with c-HCL by immunohisto-
chemistry and flow cytometry and presence of BRAF p.V600Emutation.
Treatment was initiated with pentostatin (4 mg/m2) every 2 weeks.

Eight days after the second pentostatin infusion, the patient
presented with severe left buttock pain. He had extensive left but-
tock and thigh cellulitis, which progressed to septic shock, requiring
admission to the medical intensive care unit for vasopressor
support. He received broad-spectrum antibiotics and filgrastim
for 2 weeks. Once stabilized, the patient began treatment with
vemurafenib 480 mg orally twice a day. ANC rapidly improved, rising
from 0.402 3 109/L to 1.47 3 109/L after 2 weeks of treatment.
Sepsis resolved with recovery from neutropenia.

Vemurafenib was continued due to extensive infection and persis-
tence of an open wound, while filgrastim was discontinued.
Bone marrow biopsy revealed CR following a 7-month course of
vemurafenib. The patient is currently without any evidence of dis-
ease recurrence after 18 months.

Case 3

A 46-year-old man presented with fatigue, night sweats, uninten-
tional weight loss, and pancytopenia. A peripheral smear showed
hairy cells, and a computed tomographic scan revealed spleno-
megaly. Bone marrow biopsy confirmed diagnosis of BRAF p.V600E–
positive c-HCLwith 90%marrow involvement. The patient completed
2 doses of pentostatin, with each dose delayed by a week due to
neutropenia. He received 1 dose of filgrastim after the second dose
of pentostatin, but he had significant side effects, and filgrastim was
discontinued. Dose 3 of pentostatin was held due to concern for
infection. The patient presented to the hospital 3 days later with
febrile neutropenia and an ANC of,0.13 109/L and severe sepsis.
Workup revealed rhinovirus, and blood cultures grew viridans group
streptococci. Once his clinical status stabilized, vemurafenib was
begun at 960mg orally twice a day, with recovery to ANC.1.53109/L
26 days later. Vemurafenib was briefly held due to pancytopenia
potentially related to the vemurafenib and restarted at 240 mg orally
twice a day and continued for a total of 49 days without any
subsequent adverse reactions. Pentostatin (4 mg/m2) was then
restarted.

He completed 4 cycles of pentostatin and 2 cycles of consolidation
followed by 8 doses of weekly rituximab (375 mg/m2). Bone marrow
biopsy 1 month following rituximab revealed no evidence of HCL,
and peripheral counts normalized. The patient is currently with no
evidence of disease 1 year later.

Methods

This report was a retrospective chart review of 3 c-HCL patients
with severe neutropenia and life-threatening infection following
PNA therapy who were offered vemurafenib as salvage therapy for
leukemia. This study was approved by the institutional review board,
and patients provided written consent for the review of their medical
records and publication of the results, per the Declaration of Helsinki.

Results and discussion

PNAs successfully induce durable CR in the majority of c-HCL
patients. However, early worsening of myelosuppression and immu-
nosuppression due to therapy greatly amplifies the risk of severe
infection. One study evaluating PNA induction for this disease
found a 25% incidence of infection or neutropenic fever.5 BRAFi
in refractory c-HCL effect rapid hematological recovery, suggesting
a role for these agents in HCL cases where PNAs may be
contraindicated due to infection and neutropenia.12-14 Prior to
starting vemurafenib, all 3 patients were profoundly neutropenic.
Upon initiation of vemurafenib, all patients had rapid improvement
in neutropenia, with ANC rising to.13 109/L in 5, 2, and 26 days,
respectively. This response facilitated recovery from severe infec-
tion potentially faster than would be expected with PNA therapy and
likely averted fatal outcomes. These cases illustrate 2 strategies
in the treatment of HCL with BRAFi complicated by infection. The
first 2 cases continued vemurafenib therapy in lieu of resuming
standard PNA induction, whereas the final patient used vemurafenib
as a bridge to definitive PNA therapy. In patient 1, the continued
administration of low-dose vemurafenib has resulted in normal
blood counts for an extended period of time.

Although anecdotal reports such as ours support “off-label” case-
by-case consideration for BRAFi treatment in c-HCL patients
with this mutation and life-threatening infection, several consid-
erations prompt additional investigation. Although rapid, the
hematologic recovery may not be durable; in the case of patient
1, ANC declined from .3 3 109/L to 0.1 3 109/L when
vemurafenib was held for 8 days. The optimal dosing strategy for
vemurafenib remains undetermined; 2 patients required dose
reductions due to adverse effects. Finally, Dietrich et al found that
a median 3-month course of variable low-dose vemurafenib
induced hematologic response in a majority of patients; however,
median time to relapse after cessation of vemurafenib was just
14 months.8 Last, vemurafenib is an expensive therapy and not
currently approved for use in c-HCL. All 3 patients in our series had
vemurafenib covered by their insurance company, but cost may limit
the ability of other c-HCL patients with infection from benefiting
from this treatment approach.

Tiacci and colleagues report high rates of durable response with the
combination of vemurafenib and rituximab in relapsed and refractory
c-HCL patients. This regimen was short, safe, and nonmyelotoxic.15

Recently, moxetumomab pasudotox was approved for use in HCL,
but patients with active infection or uncontrolled infection were
excluded from the clinical trials with this agent, and the established
side effect of capillary leak syndrome would be excessively toxic in
patients who are ill from infection.16 This underscores the need to
study novel therapies in this specific population.

These cases demonstrate the need for further research into the role
of BRAFi therapy alone and/or in combination with other agents in
the treatment of c-HCL patients with infection for whom standard
PNA induction may be contraindicated.

Acknowledgments

The authors thank their colleagues in the Department of Pathology
and Division of Infectious Disease for collaboration on the care of
these patients and acknowledge The Ohio State University Division
of Hematology and the Hairy Cell Leukemia Foundation for support
of this work and its authors.

22 JANUARY 2019 x VOLUME 3, NUMBER 2 VEMURAFENIB IN HCL WITH INFECTION OR PANCYTOPENIA 117

D
ow

nloaded from
 http://ashpublications.net/bloodadvances/article-pdf/3/2/116/1630723/advances027466.pdf by guest on 08 M

ay 2024



Authorship

Contribution: D.P.S. wrote the initial draft of the manuscript; D.P.S.,
J.A.J., M.R.G., L.A.A., J.S.B., M.E.M., M.A., and K.A.R. cared for the
included patients; and all authors reviewed the final draft of the man-
uscript and agree with its submission.

Conflict-of-interest disclosure: K.A.R. receives research funding
from Genentech and consults for Acerta. L.A.A. participated in an
advisory board and consults for AstraZeneca. M.E.M. participated in an
advisory board for AbbVie. J.S.B. has consulted for AstraZeneca,

AbbVie, and Kite Pharma. J.A.J. is employed with and has equity in
Celgene Corporation. M.R.G. consults for AstraZeneca, Acerta, and
Pharmacyclics. K.A.R., L.A.A., J.S.B., M.R.G., and M.A. receive
research support from and consult for the Hairy Cell Leukemia
Foundation. D.P.S. declares no competing financial interests.

ORCID profile: J.S.B., 0000-0002-4275-5562.

Correspondence: Michael R. Grever, The Ohio State University,
320 West 10th Ave, B320, Columbus, OH 43210; e-mail: michael.
grever@osumc.edu.

References

1. Grever MR. How I treat hairy cell leukemia. Blood. 2010;115(1):21-28.

2. Sarvaria A, Topp Z, Saven A. Current therapy and new directions in the treatment of hairy cell leukemia: a review. JAMA Oncol. 2016;2(1):123-129.

3. Piro LD, Carrera CJ, Carson DA, Beutler E. Lasting remissions in hairy-cell leukemia induced by a single infusion of 2-chlorodeoxyadenosine. N Engl J
Med. 1990;322(16):1117-1121.

4. Tallman MS, Hakimian D, Variakojis D, et al. A single cycle of 2-chlorodeoxyadenosine results in complete remission in the majority of patients with hairy
cell leukemia. Blood. 1992;80(9):2203-2209.

5. Kraut E. Infectious complications in hairy cell leukemia. Leuk Lymphoma. 2011;52(Suppl 2):50-52.

6. Dietrich S, Zenz T. BRAF inhibitor therapy in HCL. Best Pract Res Clin Haematol. 2015;28(4):246-252.

7. Fiskus W, Mitsiades N. B-Raf inhibition in the clinic: present and future. Annu Rev Med. 2016;67(1):29-43.

8. Dietrich S, Pircher A, Endris V, et al. BRAF inhibition in hairy cell leukemia with low-dose vemurafenib. Blood. 2016;127(23):2847-2855.

9. Robak T, Wolska A, Robak P. Potential breakthroughs with investigational drugs for hairy cell leukemia. Expert Opin Investig Drugs. 2015;24(11):
1419-1431.

10. Jain P, Polliack A, Ravandi F. Novel therapeutic options for relapsed hairy cell leukemia. Leuk Lymphoma. 2015;56(8):2264-2272.

11. Getta BM, Park JH, Tallman MS. Hairy cell leukemia: past, present and future. Best Pract Res Clin Haematol. 2015;28(4):269-272.

12. Tiacci E, Park JH, De Carolis L, et al. Targeting mutant BRAF in relapsed or refractory hairy-cell leukemia. N Engl J Med. 2015;373(18):1733-1747.

13. Blachly JS, Lozanski G, Lucas DM, Grever MR, Kendra K, Andritsos LA. Cotreatment of hairy cell leukemia and melanoma with the BRAF inhibitor
dabrafenib. J Natl Compr Canc Netw. 2015;13(1):9-13, quiz 13.

14. Munoz J, Schlette E, Kurzrock R. Rapid response to vemurafenib in a heavily pretreated patient with hairy cell leukemia and a BRAF mutation. J Clin
Oncol. 2013;31(20):e351-e352.

15. Tiacci E, De Carolis L, Zaja F, et al. The chemotherapy-free combination of vemurafenib and rituximab produces deep and durable responses in relapsed
or refractory hairy cell leukemia (HCL) patients [abstract]. Blood. 2017;130(suppl 1). Abstract 409.

16. Kreitman RJ, Dearden C, Zinzani PL, et al. Moxetumomab pasudotox in relapsed/refractory hairy cell leukemia. Leukemia. 2018;32(8):1768-1777.

118 SHENOI et al 22 JANUARY 2019 x VOLUME 3, NUMBER 2

D
ow

nloaded from
 http://ashpublications.net/bloodadvances/article-pdf/3/2/116/1630723/advances027466.pdf by guest on 08 M

ay 2024

http://orcid.org/0000-0002-4275-5562
mailto:michael.grever@osumc.edu
mailto:michael.grever@osumc.edu

