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Hairy cell leukemia variant (HCLv) pre-
sents with high disease burden, lack of
typical antigens like CD25, and poor re-
sponse to standard treatments like
cladribine. Occasionally, patients with
classic HCL respond poorly. Clinical and
molecular features of HCL and HCLv has
not been compared. Rearrangements ex-
pressing immunoglobulin VH chain were
sequenced, including 22 from 20 patients
with HCLv and 63 from 62 patients with
classic HCL. Most patients were seeking
relapsed/refractory trials, representing a

poor-prognosis population. VH4-34, a
gene commonly used in autoimmune dis-
orders, was observed in 8 (40%) HCLv
and 6 (10%) classic (P � .004) HCL pa-
tients. Compared with 71 VH4-34� rear-
rangements, 14 VH4-34� rearrangements
were more frequently (P < .001) unmu-
tated, defined as greater than 98% ho-
mologous to germline sequence. VH4-
34� patients had greater white blood cell
counts at diagnosis (P � .002), lower re-
sponse rate (P < .001) and progression-
free survival (P � .007) after initial cladrib-

ine, and shorter overall survival from
diagnosis (P < .001). Response and sur-
vival were more closely related to VH4-34
status than to whether or not patients had
HCLv. VH4-34� HCL is an important disor-
der that only partly overlaps with the
previously described HCLv. Response to
initial single-agent cladribine therapy is
suboptimal; these patients should be con-
sidered for alternative approaches, includ-
ing antibody-related therapy. (Blood. 2009;
114:4687-4695)

Introduction

Hairy cell leukemia variant (HCLv) is a B-cell disorder, recognized
for nearly 30 years, which accounts for 10% of hairy-cell leukemia
(HCL) cases. Morphology of variant cells was reported to be
intermediate between that of classic HCL and prolymphocytic
leukemias.1-3 Patients typically present with leukocytosis rather
than leukopenia and often lack the neutropenia, anemia, and/or
thrombocytopenia with which classic HCL patients present.1,2,4 By
flow cytometry, B-cell antigens FMC7, CD11c, CD20, CD22, and
surface immunoglobulin are strongly positive in both classic HCL
and HCLv, whereas HCLv differs from classic HCL by lack of
CD25, HC-2, and CD123 and by expression of CD27.3-7 CD103 is
usually positive in both but can be negative in HCLv.2 HCLv
lacking both CD25 and CD103 may be difficult to differentiate
from splenic marginal zone lymphoma (SMZL)/splenic lymphoma
with villous lymphocytes without also relying on morphologic
differences between HCL and SMZL.2,6,7 In contrast to the high
complete remission and overall response rates of classic HCL to the
administration of purine analogs pentostatin and cladribine,8-10

response in patients with HCLv is limited to partial responses in
approximately 50% of patients.2-4,11,12 Several complete responses
of HCLv to monoclonal antibody-based therapy with and without
chemotherapy have been reported.13-17

Like other mature B lymphocytes, the malignant cells in HCL
patients have 1 or sometimes 2 different rearrangements for immu-
noglobulin heavy chain. Significant variability can be observed in
the third complementarity determining region (CDR3), comprising
the variable heavy (VH), Dbl homology, and junctional heavy
domains. We previously reported a molecular characterization of
24 such rearrangements in 23 HCL patients18 and discussed previ-

ous studies in which 70 rearrangements in 69 patients were de-
scribed.19-23 We reported that of 4 patients in our series with
unmutated rearrangements, defined as greater than 98% homology
to germline sequence, 3 presented with high tumor burden consis-
tent clinically with variant disease. However, the CD25/VH status
in these 3 patients was CD25�/VH4-34�, CD25�/VH4-34�, and
CD25�/VH4-34�,18 suggesting that VH4-34 expression and ad-
verse clinical behavior may not be confined to HCLv diagnosed by
immunophenotype. A more recent VH study in HCL reported that
5 of 38 cases were HCLv, 2 of which were unmutated VH4-34.24

Another study reported that 5 of 83 cases were HCLv, and 5 classic
cases were VH4-34�, 3 of which were unmutated.25 To better
understand the association of VH4-34 and other VH genes with the
variant immunophenotype and to determine whether molecular
features could be prognostically important, independent of the
diagnosis of classic HCL or HCLv, we studied immunoglobulin
rearrangements and clinical factors in 82 HCL patients, 20 of
whom had HCLv.

Methods

Patients and controls

Blood for DNA study was obtained as part of sample acquisition protocols
with informed consent approved by the NCI Investigator’s Review Board
and in accordance with the Declaration of Helsinki. All samples were
retrieved between 2001 and 2008. Of the 85 rearrangements in 82 patients
examined, 24 rearrangements in 23 patients were published previously.18

Diagnoses of classic HCL and HCLv were rendered by a hematopathologist
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(M.S.-S.), based upon morphology and immunophenotype and according to
World Health Organization classification.26

HCL was characterized by a proliferation of medium-sized lymphoid
cells with mature chromatin; circumferential hairy-like cytoplasmic projec-
tions; reticulin fibrosis and interstitial infiltration in bone marrow; tartrate-
resistant acid phosphatase (TRAP) positivity; bright coexpression of CD20,
CD22, and CD11c; and expression of CD25, CD103, and CD123. HCLv
was characterized by a proliferation of abnormal lymphoid cells varying
from medium to large in size, often with prominent nucleoli and irregular
nuclear contours, with hairy-like cytoplasmic projections. Like classic
HCL, HCLv usually demonstrated bright coexpression of CD20, CD22, and
CD11c and expression of CD103 but was negative for CD25 and frequently
CD123.2,5,26 TRAP, when available, usually was positive. SMZL, which
was excluded from this study, was diagnosed based upon morphology and
immunophenotype, namely relatively small lymphoid cells with occasional
cytoplasmic projections in polar orientation; moderate coexpression of
CD20, CD22, and dim-to-moderate CD11c; and negativity for TRAP,
CD103, and CD123.2,5,26 For each of the 82 patients assigned a diagnosis of
HCL, the leukemic cells were examined in the same National Institutes of
Health (NIH) laboratory for morphology and flow cytometry. In addition,
bone marrow biopsy samples were evaluated at NIH for 63 patients, and
bone marrow biopsy reports were obtained for 17 others. Of 32 asplenic
patients, in 5 the spleen tissue was examined at NIH, and the pathology
reports were obtained for 13 others.

cDNA synthesis and characterization of rearrangements

Total RNA was extracted from PAXgene Blood RNA tubes (PreAnalytiX
GmbH) containing peripheral-blood mononuclear cells by use of the
PAXgene Blood RNA kit (PreAnalytiX GmbH). Total RNA from CD11c-
sorted cells was purified by use of the MagMax kit (Ambion). First-strand
cDNA synthesis was performed by SuperScriptTM III RnaseH-Reverse
Transcriptase (Invitrogen) from 1 to 3 �g of total RNA in reaction mix in
the presence of Oligo(dT)20 primer (Invitrogen) and 10 mmol/L dNTP mix
according to the manufacturer’s protocol as described previously.18 cDNA
was amplified in a single multiplexed polymerase chain reaction (PCR)
consisting of 6 VH framework 1 primers combined with 1 JH consensus
primer as designed for the BIOMED-2 study.27

All reactions were carried out in 100 �L containing 10 pmol of each
primer (InVivoScribe Technologies), 200 �mol/L dNTPs, 0.5 U AmpliTaq
Gold, and 10X PCR buffer II (Applied Biosystems). The DNA was
amplified as follows: denaturation at 95°C for 7 minutes, 37 cycles of 94°C
for 1 minute, 55°C for 30 seconds, 72°C for 1 minute, with a final extension
of 10 minutes at 72°C. PCR products were analyzed on a 2% agarose gel
and visualized with ethidium bromide staining, purified by the use of
QIAquick PCR purification kit (QIAGEN), and cloned by the use of the
Zero Blunt TOPO PCR Cloning kit (Invitrogen). Cloned PCR products
were sequenced by the use of T3 consensus primers and Big-Dye
terminators (Applied Biosystems). A monoclonal sequence was defined
when at least 5 of 10 clones had a completely identical sequence. Intra-
clonal and ongoing somatic hypermutation were not observed. No 2 rear-
rangements from different patients were identical, which was evidence
against any being a contaminant. The structure of each rearrangement was
determined by sequence analysis by use of the IMGT database28 and the
VBASE2 database.29

Cell purification with CD11c sorting

Peripheral-blood mononuclear cells were purified from 25 mL of heparin-
containing peripheral blood of HCL patients by Ficoll-Paque Plus (GE
Healthcare Bio-Science AB) by use of the manufacturer’s protocol and then
counted. The peripheral B-cell population was isolated by the Dynal
B-cell–negative isolation kit (Invitrogen Dynal AS) and incubated with
20 �L of Fc receptor blocking reagent (Miltenyi Biotec) for 10 minutes at
4°C. One microgram of CD11c antibody (Santa Cruz Biotechnology) per
106 cells was added to the sample and incubated on ice for 1 hour. Cells
were washed by adding 2 mL of 0.1% bovine serum albumin containing
phosphate-buffered saline and centrifuged to 1200 rpm for 8 minutes at
4°C. The cells were then incubated with goat anti–mouse IgG Dynabeads

(Invitrogen Dynal AS) for 15 minutes at 4°C with gentle tilting and rotation
followed by magnetic capture of the CD11c-positive population, followed
by addition of TRI Reagent (Ambion Inc) for future RNA purification.

Statistics

Comparisons between groups of patients were performed by the Fisher
exact test or by Wilcoxon rank sum test as appropriate. Kaplan-Meier
curves were compared by log-rank, and median survival of a population
was considered 50% probability of survival. Calculations were performed
using SAS, and P values presented were 2-sided.

Assessment of response to initial treatment with cladribine

Patients with sufficient medical records, including dates of treatment,
complete blood counts, and bone marrow biopsy reports, were considered
evaluable for retrospective response assessment, providing their first purine
analog treatment was cladribine. Best response was considered after just the
first course of cladribine and was determined on the basis of published
criteria for HCL,9 except that hemoglobin had to reach 11 rather than 12 for
a complete remission. Also, in patients who were red blood cell transfusion
dependent, the 50% improvement in hemoglobin needed for partial
response was assumed if the hemoglobin reached 9 g/dL without transfu-
sions. Because bone marrow biopsy was not always used after cladribine,
we also determined whether patients achieved hematologic remission,
defined as meeting all criteria for complete remission except for the bone
marrow biopsy. Date of progression was defined as the first documentation
of relapse from partial response in responding patients or progressive
disease in nonresponding patients.

Results

Patient characteristics

Of 82 patients with HCL, 62 (76%) were considered classic HCL,
whereas 20 (24%) were considered HCLv. Immunophenotypic
characteristics are shown in Table 1 for the 26 patients who had
either HCLv or VH4-34� rearrangements or both. The remaining
56 classic HCL patients are summarized in Table 2. HCL cells from
all patients expressed the B-cell markers CD19, CD20 (bright in
100%), and CD22 (bright in 98%), as well as CD11c (bright in
96%). HCL cells from all classic patients expressed CD25, which
was bright in 44 (71%), positive in 17 (27%), and in 1 (2%) patient
varied from bright to negative. In contrast, the HCLv cells were
dim to negative or negative for CD25. CD123 was expressed
homogenously in 31 (100%) of 31 classic patients and in 3 (38%)
of 8 HCLv patients evaluated, and 1 HCLv patient had partial
CD123 expression. CD103 was expressed homogenously in
77 (94%) of the 82 patients. Two patients with classic HCL had
partial CD103 expression, 1 of whom had previously documented
homogenous CD103 expression. The 3 CD103� patients also were
CD25� but had either TRAP� or CD11c bright-positive cells
consistent with HCLv rather than SMZL. Patient BL26 had partial
positive CD11c expression with lack of CD25 and CD103,
suggesting SMZL. However, the splenic pathology showed red
pulp rather than a white pulp infiltration, and positivity for both
TRAP and DBA.44 were more consistent with HCLv than with
SMZL.2,5,30 Lymphoplasmacytic lymphoma was considered but the
morphology, the bright expression of CD22 and CD20, and the lack
of CD25 were against this diagnosis.31 One patient previously
diagnosed as HCLv was diagnosed with SMZL on the basis of flow
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cytometry and morphology and was therefore not included in the
82 patients reported. The male/female ratio was 74:8 and not
different with respect to variant status. Age from diagnosis was
older for HCLv than for classic HCL (P � .02), with median age
55 versus 46 years.

VH usage

To investigate immunoglobulin VH usage in classic and variant
HCL, a total of 63 rearrangements in 62 classic HCL and 22 rear-
rangements in 20 HCLv patients were amplified, sequenced, and
analyzed. As shown in Figure 1A, VH3-family VH chains were
more common in classic HCL than HCLv (57% vs 23%, P � .007),
and VH4 was more common in HCLv than in classic disease (64%
vs 25%, P � .002). The usage in classic HCL is similar to the
reported32 usage of VH families 1 to 7 in 206 rearrangements from
normal (CD5�/IgM�) B cells, namely 13.1%, 1.9%, 53.9%, 24.8%,
2.9%, 2.4%, and 1%, respectively. However, in HCLv, VH3 usage
was lower (P � .007) and VH4 usage was greater (P � .001)
compared with normal B cells.

VH gene usage

When further subdivided into individual genes within each family,
a total of 30 different VH genes were cloned. Half (15/30) of these
occurred in more than 1 patient, and their frequencies are shown in
Figure 1B. The most frequently used classic VH genes were
VH3-23 (n � 13, 21%), VH4-34 (n � 6, 10%), and VH3-30
(n � 5, 8%). Of the 3 patients with 2 rearrangements each, 1 with
HCLv expressed both VH3-66 and VH3-30-3, 1 with HCLv
expressed both VH4-39 and VH3-30, and 1 with classic HCL
expressed both VH1-2 and VH3-74. The most frequently used
variant VH gene was VH4-34 (n � 8, 36%), and the largest
difference between classic and variant rearrangements was ob-
served with incidence of VH4-34 (10% vs 36%, P � .007). Thus,
VH4-34 was more common in but not confined to HCLv.

Somatic hypermutation

To determine whether the frequency of somatic mutations in the
VH rearrangements differed with respect to variant disease or

Table 1. Immunophenotypic and molecular characteristics of patients with VH4-34 or HCLv (n � 26)

Patient
no. Age Sex CD19 CD20 CD22 CD25 CD11C CD5 CD10 CD23 FMC7 CD103 CD123 LC TR Dx VH

BH18 57 M �� ��� ��� ��� ��� � � � �� �� NA � � HCL VH4-34

BH32 58 M �� ��� ��� ��� ��� NA NA NA NA �� �� � NA HCL VH4-34

BH34 56 M �� ��� ��� P� ��� � � � ��� � NA � � HCL VH4-34

BN27 38 M �� ��� ��� ��� ��� � � � �� �� NA � � HCL VH4-34

BN29 55 M �� ��� ��� ��� ��� � � � �� �� NA � NA HCL VH4-34

HH14 50 M �� ��� ��� �� ��� � � � �� �� �� � � HCL VH4-34

BH16 52 M �� ��� ��� � ��� � � � �� � NA � � HCLv VH4-34

BH28 42 M �� ��� ��� � ��� � � � �� �� NA � � HCLv VH4-34

BH29 55 M �� ��� ��� �/� ��� � � � �� �� �� � � HCLv VH4-34

BL18 69 M �� ��� ��� � ��� � � � �� �� NA � � HCLv VH4-34

BL26 55 M �� ��� �� � P� � � � �� � NA � � HCLv VH4-34

BN15 61 M �� ��� ��� � ��� � � � �� �� � � NA HCLv VH4-34

BN21 71 M �� ��� ��� � ��� � � � �� � NA � NA HCLv VH4-34

BN35 55 M �� ��� ��� � ��� � � � �� �� � � NA HCLv VH4-34

HH10 40 F �� ��� ��� � ��� � � � �� �� � � � HCLv VH1-18

BN17 72 M ��� ��� ��� � ��� � � � �� �� NA � NA HCLv VH3-23

BN20 50 M �� ��� ��� � ��� � � � �� �� NA � � HCLv VH3-48

BN23 35 M �� ��� ��� � ��� � � � �� �� P� � NA HCLv VH3-66

BL14 38 M �� ��� ��� �/� ��� � � � �� �� � � � HCLv VH4-31

BN16 63 M �� ��� ��� � ��� � � � �� �� NA � � HCLv VH4-31

BN22 55 F �� ��� �� �/� �� � � � �� �� NA � � HCLv VH4-39

BN39 77 M �� ��� ��� � ��� � � � �� �� � � NA HCLv VH4-39

BN24 73 M �� ��� ��� � �� � � � �� �� NA � NA HCLv VH4-61

BN04 57 M �� ��� ��� � ��� P� � � �� � NA � � HCLv VH4-61

HH19 44 M �� ��� ��� � ��� � � � �� �� NA � NA HCLv VH5-a

BN19 37 M �� ��� ��� � ��� � � � �� �� � � NA HCLv VH6-1

Dx indicates diagnosis; HCL, classic hairy-cell leukemia; HCLv, variant HCL; LC, light chain; NA, not available; P�, part positive; and TR, tartrate-resistant acid
phosphatase stain.

Table 2. Immunophenotypic and molecular characteristics of patients with non–VH4-34 HCL (n � 56)

CD19 CD20 CD22 CD25 CD11C CD5 CD10 CD23 FMC7 CD103 CD123

Evaluable 56 56 56 56 56 50 49 52 52 56 29

Bright � (���) 1 56 56 40 56 2

Positive (��) 54 16 2 2 50 54 27

Dim � (�) 1 2 2

Dim to negative (�/�) 1 1

Part positive (P�) 5 1 3 2

Negative (�) 44 44 46

One patient had monophasic light chain. Median patient age � 45 years; male/female � 50:6; �/� light chain � 25:31; TRAP �:� � 38:1.
HCL indicates classic hairy cell leukemia; and TRAP, tartrate-resistant acid phosphatase stain.
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VH4-34 expression, they were cloned and compared with the
IMGT database. Figure 2 shows homology to germline sequence
for the 11 different rearrangements observed in at least 3 patients
each. All but 1 VH4-34� rearrangement was unmutated compared
with 15% of the others (P � .001). Homology to germline se-
quences was greater for VH4-34� compared with VH4-34�

rearrangements (median homology 99.4% vs 95.6%, P � .001). In
contrast, there was no relationship between homology and variant
versus classic phenotype (97.6% vs 95.9%, P � .12), despite the
relationship between variant phenotype and VH4-34 positivity. In
fact, when considering the 22 variant and 63 classic rearrange-
ments separately, VH4-34 positivity in each group is still associ-
ated with increased homology (Table 3, P � .006-.02). Thus,
VH4-34 expression is associated with high homology to germline
sequence unrelated to diagnosis of HCLv.

Leukopenia in VH4-34� and VH4-34� HCL

To determine whether VH4-34 positivity was associated with
adverse clinical factors, those clinical factors associated with
HCLv were investigated. Leukocytosis at presentation, a known
characteristic of HCLv, is attributed to both absence of neutropenia
and increase in circulating malignant cells.3,7 Absence of leukope-
nia, specifically a presenting white blood cell count of at least
5 � 109/L, was more frequently observed in VH4-34� than VH4-34�

patients (93% vs 40%, P � .001; Table 3). Although a greater
proportion of variant than classic patients reached this white blood
cell count at diagnosis (83% vs 40%, P � .002), VH4-34 positivity
was independently related because among just classic patients a
greater percentage had white blood cell counts of at least 5 � 109/L

(100% vs 32%, P � .002, Table 3). As shown in Figure 3, by rank
order analysis, presenting white blood cell counts were greater for
VH4-34� versus negative patients (median 9.0 vs 3.8 � 109/L,
P � .002). Although the same was true of variant versus classic
patients (median 11.3 vs 3.5 � 109/L, P � .001), among just
classic patients, VH4-34 positivity correlated with presenting white
blood cell count (P � .003). Thus, absence of leukopenia is a
feature that correlates independently with both VH4-34 positivity
and with HCLv. As shown in Table 3, presenting neutrophils,
hemoglobin, and platelets were significantly greater with variant
compared with classic disease, and although neutrophil and platelet
counts were significantly greater with VH4-34� than VH4-34�

patients (P � .004-.014), VH4-34 status was not independently
related to levels of these normal cells. Thus, VH4-34 positivity was
correlated with lack of leukopenia, probably because of increased
malignant rather than increased normal cells.

VH4-34 positivity and failure of initial cladribine therapy in
patients with HCL

To determine whether VH4-34 positivity was associated with the
failure of initial cladribine to achieve remission, an important
characteristic of HCLv,3 we studied HCL patients who were being
screened for recombinant immunotoxin trials that required inad-
equate response to initial or most recent purine analog therapy
(Table 4). Historical data on each patient were analyzed to deter-
mine complete, hematologic, or partial remission on the basis of
published criteria.9 Hematologic remission, which requires all the
criteria of complete remission except for bone marrow biopsy, was
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important to consider because many patients did not get bone-
marrow studies after cladribine. As shown in Table 5, complete,
hematologic, and partial remission rates were significantly lower
with VH4-34� compared with VH4-34� patients (P � .03, .004,
and � .001, respectively).

Hematologic and partial remission rates also were lower for
variant compared with classic patients. The lower-than-reported
observed remission rates for classic patients in the current study
were expected given the skewed patient population studied. Among
just classic HCL patients, VH4-34 positivity correlated signifi-
cantly with lower response (P � .006, Table 5), indicating its
independence from variant versus classic phenotype. The relation-
ship of variant phenotype to response in just VH4-34� patients had
less significance (P � .02). As shown in Figure 4A and B, shorter
progression-free survival was associated with VH4-34 positivity
(P � .007) and HCLv (P � .02), with median progression-free
survivals of 5.1 versus 22.8 months depending on VH4-34 status,
and 5.1 versus 23.1 months depending on HCL variant versus
classic (Table 5). Thus, response rate and duration after initial
cladribine was more significantly related to VH4-34 status than to
variant phenotype.

VH4-34 positivity and overall survival

Because lower overall survival was reported in HCLv than in
classic HCL,3 dates of death and diagnosis were examined to
compare survival after diagnosis relative to VH4-34 status or
variant phenotype. As shown in Table 5 and Figure 4C, VH4-34

positivity was significantly correlated with poorer survival, with
predicted median survival 8.63 years in VH4-34� versus 26.22 years
in VH4-34� patients (P � .001). A difference of more than
8.79 versus 26.22 years was observed for variant versus classic
patients (Figure 4D, P � .02). As shown in Table 5, VH4-34 status
was independent of variant phenotype in correlating with poorer
overall survival (P � .001). In contrast, overall survival was not
significantly associated with variant phenotype in only VH4-34�

patients (P � .22). Of the 8 VH4-34� patients in this study who
died, in 7 the immediate cause of death was HCL along with
infectious complications. The eighth patient had significant HCL
tumor burden and died of a massive stroke, despite being young in
age (63 years) and having an absence of carotid atherosclerotic
disease. Therefore, an association of thromboembolic disease to his
HCL could not be excluded.

VH4-34 positivity and overall survival in older HCL patients

As was observed in comparing variant to classic patients, VH4-34�

patients were older than VH4-34� patients at diagnosis (median
ages 55.0 vs 45.6, P � .011, Table 3). To determine whether lower
overall survival in VH4-34� patients was related to their older age
at diagnosis, patients older than the age of 50 were considered
separately, because in those 36 older patients, there was no
significant difference in age with respect to VH4-34 status (P � .31)
or variant phenotype (P � .1; Table 5). In these older patients,
overall survival was still significantly shorter for VH4-34� than
VH4-34� patients (median 8.63 vs 21.05 years, P � .001) but not
for HCLv compared with classic patients (median 8.79 vs
16.53 years, P � .11). As shown in Table 5, VH4-34 status was
independent of variant phenotype in its association with poorer
survival in older patients (P � .001), but variant phenotype was not
associated with poor survival independent of VH4-34 status
(P � .23). Thus, VH4-34 positivity was associated with lower
survival from diagnosis, independent of age or variant phenotype.
Moreover, lower survival of the HCLv patients was the result of
VH4-34� patients with HCLv, rather than to an independent
association between HCLv and survival.

Discussion

Our original goal was to study molecular characteristics of HCLv
to determine whether expressed immunoglobulin rearrangements
have homology to germline and gene usage different from the
“classic” or typical form of the disease. We found that VH4-34, the

Table 3. Characteristics at diagnosis

VH4-34 status and variant phenotype VH4-34� VH4-34� P HCLv HCL P

Median age at diagnosis (n) 55.0 (14) 45.6 (68) .011 54.8 (20) 45.7 (62) .016

Median, homology, % (n) 99.4 (14) 95.6 (71) � .0001 97.6 (22) 95.9 (63) .12

Median homology, %, classic HCL only (n) 98.7 (6) 95.6 (57) .006

Median homology, %, HCLv only (n) 99.6 (8) 95.7 (14) .02

White blood cell count, 	 5 � 109/L (%) 13/14 (93) 23/57 (40) .0006 15/18 (83) 21/53 (40) .002

White blood cell count, 	 5 � 109/L, classic HCL only (%) 6/6 (100%) 15/47 (32%) .002

White blood cell count 	 5 � 109/L, VH4-34� only (%) 8/10 (80%) 15/47 (32%) .01

Median white blood cell count, �109/L (n) 9.0 (14) 3.8 (57) .002 11.3 (18) 3.5 (53) � .0001

Median white blood cell count, �109/L, classic HCL only (n) 10.5 (6) 2.9 (47) .003

Median white blood cell count, �109/L, VH4-34� only (n) 13.8 (10) 2.9 (47) .0003

Median neutrophils, �109/L (n) 2.23 (12) 0.82 (49) .004 3.01 (14) 0.77 (47) � .0001

Median hemoglobin, g/dL 13.2 (13) 11.6 (52) .12 13.2 (17) 11.4 (48) .006

Median platelets, �109/L (n) 105 (13) 68 (54) .014 135 (16) 65 (51) .0001

HCL indicates classic hairy-cell leukemia; and HCLv, variant HCL.
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Figure 3. White blood cells counts at diagnosis in patients with or without
VH4-34 expression, whose hairy cells are classic (E) or variant (F) HCL.
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most common VH gene used in HCLv, had very high homology to
its germline sequence and was associated with variant features such
as advanced age, lack of leukopenia, poor response to initial
cladribine treatment, and poor progression-free and overall sur-
vival. Moreover, these associations were observed even in patients
with VH4-34� hairy cells who are considered classic HCL rather
than HCLv. Conversely, comparisons of response and overall
survival between classic and variant patients lost significance when
only the VH4-34� population was examined. Thus, VH4-34� HCL
is a disorder, overlapping only partially with HCLv, associated with
variant features and poor prognosis. It has long been thought that
patients with HCL not responding to initial purine analog treatment
actually have a different disease. These results indicate that
VH4-34� HCL is a disorder accounting for many of these patients
and may account for a component of the poor outcome previously
reported in HCLv.

Molecular versus immunophenotype in HCL

Each of the 82 patients in this study was carefully examined to
verify the diagnosis of HCL or HCLv by the use of flow cytometry,
immunohistochemistry, and morphology of blood, bone marrow,
spleen, and lymph nodes when available. Nevertheless, because of
significant overlap in criteria, in some patients a perfect distinction
between SMZL, HCLv, and HCL may not be possible. The
frequent loss of antigen expression over time, as observed in this
study, may add to the unreliability of available methods to classify
patients with HCL and predict response to standard cladribine
therapy. Our results show that unmutated VH4-34 positivity is a
fixed marker in HCL which predicts for poor outcome, both
response to initial therapy and survival, and this appears indepen-
dent of the exact diagnosis within HCL.

VH4-34 expression in malignant lymphocytes

VH4-34 is expressed in approximately 5% to 10% of adult normal
B cells,33-36 65% of diffuse large-cell lymphoma,37 25% of duode-

nal follicular lymphoma,38 50% of primary central nervous system
lymphoma,39 4% to 22% of chronic lymphocytic leukemia
(CLL),40,41 9% to 33% of acute lymphoblastic leukemia,40,42 and
almost never in multiple myeloma.43-45 We and others have
reported VH4-34 expression in isolated cases of HCLv and classic
HCL,18,24,25 but the 2 to 5 cases per study were insufficient for
understanding the impact of VH4-34 in this disease.

Relation between VH4-34 and poor prognosis

VH4-34 is reported to be overexpressed in autoimmune disease,
including 55% of systemic lupus erythematosus,46 virtually all
cases of cold agglutinin disease,47-52 and 89% of multiple sclero-
sis.53 Monoclonal antibodies produced by VH4-34–expressing
B cells are reported to react to a variety of normal antigens,
including red blood cells,46-49 normal and malignant B cells,50-52,54,55 and
single-stranded DNA.56 Although percent homology to germline is
rarely determined for VH4-34 clones binding to autoantigens,
mutated and less-commonly unmutated VH4-34 rearrangements
are reported, the latter from either human fetal spleen or cerebral
spinal fluid in multiple sclerosis.49,57-60 It is proposed that VH4-34–
expressing B cells may recognize antigen, undergo somatic muta-
tion, and then either mediate autoimmune disease or transform to
CLL or diffuse large-cell lymphoma, both known for frequent
autoimmune complications.

In contrast, malignant transformation of such cells at a much
later point of differentiation to multiple myeloma does not occur
because of eventual clonal deletion or anergy.43 We and others18

recently reported similarities between classic HCL and SMZL
regarding VH usage and rates of somatic mutation, suggesting that
classic hairy cells undergo malignant transformation in the mar-
ginal zone of the germinal center. The unmutated status of
VH4-34� hairy cells in all but 1 of our 14 patients suggests
transformation before the germinal center and is consistent with the
complete lack of autoimmune complications in our patients. We
therefore speculate that VH4-34� lymphocytes in general may be

Table 4. Outcome after initial cladribine for HCL (patient numbers)

Total VH4-34�, HCLv VH4-34�, HCL VH4-34�, HCLv VH4-34�, HCL

Patients evaluable for survival 82 8 6 12 56

Patients evaulable for response 61 7 6 8 40

Complete remission 14 0 0 1 13

Hematologic remission 18 0 2 2 14

Partial response 10 0 0 1 9

No response 19 7 4 4 4

HCL indicates classic hairy-cell leukemia; and HCLv, variant HCL.

Table 5. Outcome after initial cladribine for HCL (response rates, progression-free, and overall survival)

Response comparisons VH4-34� VH4-34� P HCLv HCL P

Complete remission rate (%) 0/13 (0) 14/48 (29) .03 1/15 (7) 13/46 (28) .15

Complete/hematologic remission rate (%) 2/13 (15) 30/48 (63) .004 3/15 (20) 29/46 (63) .006

Major response rate (%) 2/13 (15) 40/48 (83) .00001 4/15 (27) 38/46 (83) .0001

Median progression-free survival, mo (n) 5.1 (13) 22.8 (48) .007 5.1 (15) 23.1 (46) .02

Median overall survival, y (n) 8.63 (14) 26.22 (68) � .0001 	8.79 (20) 26.22 (62) .02

Major response rate for classic HCL only (%) 2/6 (33) 36/40 (90) .006

Major response rate for those VH4-34� only (%) 4/8 (50) 36/40 (90) .02

Median overall survival, y, classic HCL only (n) 4.70 (6) 26.64 (56) � .0001

Median overall survival, y, VH4-34� only (n) 	4.74 (12) 26.64 (56) .22

Median age at diagnosis, age 	 50 y (n) 55.75 (12) 57.00 (24) .31 60.8 (13) 56.70 (23) .1

Median overall survival, age 	 50 y (n) 8.63 (12) 21.05 (24) .0001 8.79 (13) 16.53 (23) .11

Median overall survival, age 	 50 y, classic HCL only 4.70 (5) 17.33 (18) � .0001

Median overall survival, age 	 50 y, VH4-34� only 21.05 (6) 17.33 (18) .23

HCL indicates classic hairy cell leukemia; and HCLv, variant HCL.
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less susceptible to checkpoints leading to clonal deletion, which
leads to aggressive and resistant disease in hairy cell patients, or to
the autoimmune complications seen in patients with other disorders.

Other factors potentially affecting prognosis

It has been reported that unmutated rearrangements in CLL
correlate with poor prognosis.61 To determine whether poor progno-
sis in HCL is more closely related to unmutated than to VH4-34�

rearrangements, we compared just the VH4-34� rearrangements
for progression free (n � 50) and overall (n � 71) survival but
found no significant difference whether they were mutated or
unmutated (P � .3-.6). A total of 36 patients had abdominal
imaging data before the initial cladribine, and enlarged lymph
nodes, associated with lower repose to purine analog,62-64 were
observed in 2 of 2 VH4-34�/HCL classic, 0 of 5 VH4-34�/HCLv,
2 of 9 VH4-34�/HCLv, and 3 of 20 VH4-34�/HCL classic pa-
tients. These data are insufficient to suggest that VH4-34 positivity
is associated with the adenopathy observed in patients with poor
prognosis for response.

Clinical implications of VH4-34� HCL

Except for 1 VH4-34� HCL patient who had a mutated rearrange-
ment and hematologic remission, the other patients had unmutated
VH4-34 rearrangements and poorer response to initial cladribine
therapy (Table 2, Figure 2). Like HCLv, VH4-34� HCL may
represent a disorder distinct from classic HCL and overlapping
with HCLv. Of those VH4-34 patients who lived to try alternative
treatments, 3 had complete remission to recombinant anti-CD22
immunotoxin BL22,17,65 and 2 patients had hematologic remission
to combined pentostatin and rituximab. HCL patients sometimes
receive pentostatin alone after failure of cladribine because of
anecdotal reports of complete remission to cladribine64,66-68 or
pentostatin69 alone after failure of the other purine analog. How-
ever, of 4 VH4-34� patients in this study who received pentostatin
alone after cladribine, none responded. In view of the observation
that the remission rate decreases with each course of purine analog
equally whether patients receive the same or the other agent,70 it is

not clear whether lack of cross resistance between cladribine and
pentostatin is the exception rather than the rule. We believe that
newly diagnosed patients with HCL and leukocytosis, regardless of
diagnosis of HCLv, should be tested for VH4-34 positivity either
by PCR cloning, by flow cytometry, or by enzyme-linked immuno-
absorbent assay using an anti-idiotype antibody such as 9G4.44,46,56

In our study the incidence of VH4-34 positivity was 36% in HCL
patients presenting with white blood cells greater than or equal to
5 � 109/L (Figure 3). Patients with VH4-34� HCL could be
considered for alternative approaches, such as therapy with ritux-
imab combined with purine analog, rather than with purine analog
alone.71,72
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24. Martín-Jiménez P, Garcia-Sanz R, Gonzalez D, et
al. Molecular characterization of complete and
incomplete immunoglobulin heavy chain gene
rearrangements in hairy-cell leukemia. Clin Lym-
phoma Myeloma. 2007;7(9):573-579.

25. Forconi F, Sozzi E, Rossi D, et al. Selective influ-
ences in the expressed immunoglobulin heavy
and light chain gene repertoire in hairy-cell leuke-
mia. Haematologica. 2008;93(5):697-705.

26. Swerdlow SH, Campo E, Harris NL, et al. WHO
Classification of Tumours of Haematopoietic and
Lymphoid Tissues. 4th ed., Vol 2. Lyon, France:
WHO Press; 2008.

27. van Dongen JJ, Langerak AW, Bruggemann M, et
al. Design and standardization of PCR primers
and protocols for detection of clonal immuno-
globulin and T-cell receptor gene recombinations
in suspect lymphoproliferations: report of the
BIOMED-2 Concerted Action BMH4-CT98-3936.
Leukemia. 2003;17(12):2257-2317.

28. IMGT database. The International Immunogenet-
ics Information System. http://imgt.cines.fr/. Ac-
cessed September 22, 2009.

29. VBASE2 database. http://www.vbase2.org/). Ac-
cessed September 22, 2009.

30. Dunphy CH. Reaction patterns of TRAP and
DBA.44 in hairy-cell leukemia, hairy-cell variant,
and nodal and extranodal marginal zone B-cell
lymphomas. Appl Immunohistochem Mol Mor-
phol. 2008;16(2):135-139.

31. Konoplev S, Medeiros LJ, Bueso-Ramos CE,
Jorgensen JL, Lin P. Immunophenotypic profile of
lymphoplasmacytic lymphoma/Waldenstrom
macroglobulinemia. Am J Clin Pathol. 2005;124(3):
414-420.

32. Brezinschek HP, Foster SJ, Brezinschek RI,
Dorner T, Domiati-Saad R, Lipsky PE. Analysis of
the human VH gene repertoire. Differential effects
of selection and somatic hypermutation on hu-
man peripheral CD5(�)/IgM� and CD5(�)/IgM�
B cells. J Clin Invest. 1997;99(10):2488-2501.

33. Logtenberg T, Schutte ME, Inghirami G, et al. Im-
munoglobulin VH gene expression in human B
cell lines and tumors: biased VH gene expression
in chronic lymphocytic leukemia. Int Immunol.
1989;1(4):362-366.

34. Stewart AK, Huang C, Stollar BD, Schwartz RS.
High-frequency representation of a single VH
gene in the expressed human B-cell repertoire.
J Exp Med. 1993;177(2):409-418.

35. Kraj P, Friedman DF, Stevenson F, Silberstein LE.
Evidence for the overexpression of the VH4-34
(VH4.21) Ig gene segment in the normal adult
human peripheral blood B-cell repertoire. J Immu-
nol. 1995;154(12):6406-6420.

36. Stevenson FK, Smith GJ, North J, Hamblin TJ,
Glennie MJ. Identification of normal B-cell coun-
terparts of neoplastic cells which secrete cold ag-
glutinins of anti-I and anti-i specificity. Br J
Haematol. 1989;72(1):9-15.

37. Hsu FJ, Levy R. Preferential use of the VH4 Ig
gene family by diffuse large-cell lymphoma.
Blood. 1995;86(8):3072-3082.

38. Sato Y, Ichimura K, Tanaka T, et al. Duodenal fol-
licular lymphomas share common characteristics
with mucosa-associated lymphoid tissue lympho-
mas. J Clin Pathol. 2008;61(3):377-381.

39. Montesinos-Rongen M, Kuppers R, Schluter D, et
al. Primary central nervous system lymphomas
are derived from germinal-center B cells and
show a preferential usage of the V4-34 gene seg-
ment. Am J Pathol. 1999;155(6):2077-2086.

40. Deane M, Baker BW, Norton JD. Immunoglobulin

VH4 gene usage in B lymphoid leukaemias.
Br J Haematol. 1993;84(2):242-249.

41. Pritsch O, Magnac C, Dumas G, Egile C, Dighiero
G. V gene usage by seven hybrids derived from
CD5� B-cell chronic lymphocytic leukemia and
displaying autoantibody activity. Blood. 1993;
82(10):3103-3112.

42. Maloum K, Magnac C, Pritsch O, Binet JL,
Merle-Beral H, Dighiero G. Skewed rearrange-
ment of the VH4-21 gene during pre-B acute lym-
phoblastic leukemia. Leuk Lymphoma. 1995;
17(5-6):435-441.

43. Rettig MB, Vescio RA, Cao J, et al. VH gene us-
age in multiple myeloma: complete absence of
the VH4.21 (VH4-34) gene. Blood. 1996;87(7):
2846-2852.

44. Frøyland M, Thompson KM, Thorpe SJ, Sahota
SS, Gedde-Dahl T, Bogen B. A VH4-34� my-
eloma protein with weak autoreactivity. Haemato-
logica. 2007;92(5):690-693.
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