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Efficacy of Vemurafenib in Hairy-Cell Leukemia
To the Editor: The BRAF V600E mutation is 
present in nearly all cases of hairy-cell leukemia.1 
This finding has led to the introduction of BRAF 
inhibitors for the treatment of chemotherapy-re-
sistant hairy-cell leukemia, and patients have 
had a good response to the oral inhibitor vemu-
rafenib.2-4 Constitutive phosphorylation of both 
extracellular signal-regulated kinase (ERK) and 
mitogen-activated protein–ERK kinase (MEK) 
has been considered to be a direct consequence 
of BRAF activation, with BRAF inhibition result-
ing in cell death through suppression of this 
pathway in hairy-cell leukemia. However, data to 
support this theory are limited, since most pa-
tients present with pancytopenia.

We evaluated a patient with purine analogue–
refractory hairy-cell leukemia who had biallelic 
BRAF V600E mutations and a high leukemic bur-
den during treatment with vemurafenib. Because 
of the high numbers of circulating hairy-cell 
leukemia cells, it was possible to study the ef-
fects of vemurafenib directly in vivo. Vemurafenib 
induced complete clinical remission with reduc-
tion of the viability of CD103+ hairy-cell leuke-
mia cells during therapy (Fig. 1A). A pull-down 
and kinase assay showed inhibition of BRAF in 
leukemic cells in vivo (Fig. 1B). However, BRAF 
inhibition was not associated with any major 
changes in phosphorylation of either MEK or 
ERK in vivo, as shown by means of both immu-
noblot and flow cytometry (Fig. 1C), despite 
prolonged exposure to vemurafenib.

Our experiments showed an unanticipated un-
coupling between the decrease in BRAF activity 
(together with increased cell death) and MEK–
ERK inhibition in vivo; this was not dependent 
on the duration of exposure to vemurafenib. We 
cannot rule out the possibility that BRAF inhibi-
tion in vivo eventually resulted in suppression of 
ERK activation in some anatomical compart-
ment other than the blood before leukemic cell 
death, but this possibility appears to be unlikely. 
First, our in vivo data clearly showed inhibition 
of BRAF without any change in phosphorylated 
ERK levels in leukemic cells, as shown by means 
of both immunoblot and flow cytometry, while 
cells were dying (as shown by the increasing 
level of propidium iodide staining). Second, the 
lack of effect of BRAF inhibitors on phosphory-

lated MEK and ERK was previously reproduced 
during prolonged incubation in vitro of hairy-
cell leukemia cells obtained from the same pa-
tient, whereas the MEK 1 and MEK 2 inhibitor 
PD325901 successfully blocked ERK phosphory-
lation and induced significant cell death.5

An alternative signaling pathway, as yet un-
characterized, may therefore be affected by ve-
murafenib, either directly or through BRAF inhi-
bition, and it may have a strong impact in 
hairy-cell leukemia cell survival in vivo. These 
data have implications for the design of possible 
combination therapies.
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Figure 1 (facing page). Extracellular Signal-Regulated 
Kinase (ERK) and Mitogen-Activated Protein–ERK (MEK)–
Independent Mechanism of Action of Vemurafenib  
in Refractory Hairy-Cell Leukemia.

This 72-year-old man had had hairy-cell leukemia since 
he was 50 years of age. After an initial splenectomy at 
that time, he remained in good health for 14 years. 
A third relapse 21 years after the initial diagnosis was 
treated with rituximab and 2-chlorodeoxyadenosine, 
which induced a complete response. However, a florid 
relapse occurred in less than a year. A DNA sequence 
showed a biallelic BRAF V600E mutation, and treat-
ment with vemurafenib at a dose of 240 mg twice daily 
was initiated in April 2013 (22 years after the initial 
diagnosis). The only clinically significant toxic effect 
was alopecia. Panel A shows an initial increase fol-
lowed by a rapid decrease in the patient’s peripheral 
white-cell count and viability of CD103+ cells after ad-
ministration of vemurafenib. Hematologic recovery 
began after 2 months of treatment (the complete 
blood count was monitored daily in samples obtained 
from the patient before the first daily dose of vemu-
rafenib). Panel B shows a decrease in BRAF kinase 
activity after treatment with vemurafenib in a kinase 
cascade assay. BRAF activity was reduced by 75%  
1 day after treatment and reduced by 90% by day 8. 
The T bars indicate standard deviations. In Panel C,  
a Western blot study (top) showed no changes in the 
levels of either phosphorylated MEK or ERK after treat-
ment with vemurafenib. Flow cytometry (bottom) 
showed that ERK1 and ERK2 phosphorylation was  
also not reduced in CD103+ cells.

The New England Journal of Medicine 
Downloaded from nejm.org at UNIVERSITY OF LEICESTER on December 1, 2014. For personal use only. No other uses without permission. 

 Copyright © 2014 Massachusetts Medical Society. All rights reserved. 



correspondence

n engl j med 370;3  nejm.org  january 16, 2014 287

Days

B BRAF Kinase Activity

C Changes in Phosphorylation of MEK or ERK

A Hematologic Activity
W

hi
te

 C
el

ls
(×

10
– 9

/m
l)

200

100

150

50

0
−25 −15 −5 5 15 25 35 60 95 130

Start of
treatment

−25 −15 −5 5 15 25 35 60 95 130

−25 −15 −5 5 15 25 35 60 95 130

−25 −15 −5 5 15 25 35 60 95 130

−25 −15 −5 5 15 25 35 60 95 130

C
D

10
3+

 L
iv

e 
C

el
ls

(%
)

100

50

75

25

0

Pl
at

el
et

s
(×

10
– 9

/l
ite

r)

300

100

200

0

N
eu

tr
op

hi
ls

(×
10

– 9
/l

ite
r)

20

10

15

5

0

H
em

og
lo

bi
n

(g
/l

ite
r)

150

100

50

0

Ph
os

ph
or

us
-3

2 
In

co
rp

or
at

io
n

(c
pm

/p
m

ol
)

600

300

400

200

100

0

Days after Start of Treatment

0 1 3 8

C
el

l C
ou

nt
 (p

er
 m

m
3 )

Phosphorylated ERK1 and ERK2

Phosphorylated MEK

Phosphorylated 
ERK1 and ERK2

ERK2

0 H
r

4 H
r

24
 H

r

48
 H

r

72
 H

r

Viability

500

200

300

400

100

0
103102−102

103102−102

700
600
500

800

200
300
400

100
0

700
600
500

800

200
300
400

100
0

103102−102

700

400

200
300

500

800

600

100
0

103102−102

0 Hr

4 Hr

24 Hr

48 Hr

The New England Journal of Medicine 
Downloaded from nejm.org at UNIVERSITY OF LEICESTER on December 1, 2014. For personal use only. No other uses without permission. 

 Copyright © 2014 Massachusetts Medical Society. All rights reserved. 



T h e  n e w  e ngl a nd  j o u r na l  o f  m e dic i n e

n engl j med 370;3  nejm.org  january 16, 2014288

Disclosure forms provided by the authors are available with 
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words (excluding references) and must be received within  
3 weeks after publication of the article.
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must be disclosed. Disclosures will be published with the 
letters. (For authors of Journal articles who are responding 
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•	 All letters must be submitted at authors.NEJM.org.

Letters that do not adhere to these instructions will not be 
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letter constitutes permission for the Massachusetts Medical 
Society, its licensees, and its assignees to use it in the Journal’s 
various print and electronic publications and in collections, 
revisions, and any other form or medium.

corrections

Acute High-Altitude Illnesses (October 24, 2013;369:1664-7). 
In the list of authors for the letter from Richalet et al. (page 
1665), the second author’s surname should have been Canouï-
Poitrine, rather than Canou-Poitrine. The article is correct at 
NEJM.org.

Targeted versus Universal Decolonization to Prevent ICU Infec-
tion (June 13, 2013;368:2255-65). In the second paragraph of 
the Outcomes subsection of Results (page 2259), the end of the 
penultimate sentence should have read, “.  .  .  P = 0.03),” rather 
than “.  .  .  P = 0.04).” Also, in the first paragraph of the Dis-
cussion (page 2261), the final sentence should have ended, 
“.  .  .  and 99 patients would need to undergo decoloniza-
tion  .  .  .  ,” rather than “.  .  .  and 54 patients  .  .  .  .” The 
article is correct at NEJM.org.

notices

Notices submitted for publication should contain a mailing 
address and telephone number of a contact person or depart-
ment. We regret that we are unable to publish all notices 
received. Notices also appear on the Journal’s website 
(NEJM.org/medical-conference). The listings can be viewed 
in their entirety or filtered by specialty, location, or month.

MINDFUL PRACTICE: Enhancing Quality of Care, 
Quality of Caring, and Resilience

The workshop will be held in Batavia, NY, May 7–10. It is 
presented by the Center for Experiential Learning, University 
of Rochester Medical Center.

Contact Dr. Ronald M Epstein, c/o Donna Makowski, Center 
for Communication and Disparities Research, University of 
Rochester Medical Center, 1381 South Ave., Rochester, NY 14620; 
or call (585) 506-9484, extension 205; or e-mail ronald_epstein@ 
urmc.rochester.edu; or see http://www.cvent.com/d/tcqbgb.

Erasmus Winter Programme 2014
The program will be held in Rotterdam, the Netherlands, 

Feb. 24–March 14.
Contact S. de Groot, Erasmus University Medical  

Center Rotterdam, P.O. Box 2040, 3000 CA Rotterdam, the 
Netherlands; or call (31) 10 7043669; or see http://www 
.erasmuswinterprogramme.nl.

Mayo Clinic
The following courses will be offered in Rochester, MN, 

unless otherwise indicated: “26th Annual Selected Topics in 
Internal Medicine” (Koloa, Kauai, HI, Jan. 27–31); “Mayo Clin-
ic Symposium on Anesthesia and Perioperative Medicine” 
(Scottsdale, AZ, Feb. 12–15); “Mayo Clinic 17th Annual Endo-
crine Update” (Scottsdale, AZ, Feb. 26–March 1); “Internal 
Medicine Recertification Course” (San Diego, CA, March 5–8); 
“Pain Medicine for the Non-Pain Specialist” (Marco Island, FL, 
March 19–22); “Mayo Clinic International Vascular Sympo-
sium” (Buenos Aires, March 27–29); “54th Annual Dental Re-
views” (March 28 and 29); “ENT for the Primary Care Provider” 
(April 11); “21st Annual Nicotine Dependence Conference” 
(April 14 and 15); “Ethics Problem Solving and Consultation: 
The Mayo Approach” (April 24 and 25); “6th Annual Hospital 
Medicine for Nurse Practitioners and Physician Assistants 
(NPPAs)” (May 14–16); “Neurorehabilitation Summit” (May 19 
and 20); “Controversies in Women’s Health” (Chicago, June 12–
14); and “Professionalism Today and Tomorrow: Sustaining Trust 
in a Technology-Driven Health Care World” (Aug. 18 and 19).

Contact the Mayo School of Continuous Professional Devel-
opment, 200 First St. SW, Rochester, MN 55905; or call (800) 
323-2688 or (507) 284-2509; or fax (507) 284-0532; or see 
http://www.mayo.edu/cme; or e-mail cme@mayo.edu.
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