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Six cases of non-Hodgkin B-cell lymphoma that
mimicked either chronic lymphocytic leukemia
(CLL) or a CLL variant at presentation are reported.
The patients ranged from 54 to 89 years and in-
cluded three females and three males. All six pa-
tients had prominent peripheral blood lymphocyto-
sis at presentation; the initial morphologic
impressionwas CLL in three cases, CLL/prolympho-
cytic leukemia (PLL) in two cases, and PLL in one.
Five patients had bone marrow biopsies; each
showed a lymphoid infiltrate in a focally random,
interstitial, and/or diffuse pattern. Flow cytometric
immunophenotyping showed CD20-positive B cells
with surface immunoglobulin (Ig) light chain re-
striction in all six patients. The five cases resembling
CLL or CLL/PLL had at least a subset of CD5-
positive B cells, whereas CD5 was absent in the one
case that resembled PLL. CD23 was positive in three
of the four cases studied that resembled CLL or
CLL/PLL; CD79b was positive in three, FMC7 was
positive in two, and surface Ig and CD20 were
brightly positive in three. A t(11;14) (q13;q32) was
found in four cases that resembled CLL or CLL/PLL;
they were subsequently diagnosed as mantle cell
lymphoma. The remaining two cases mimicking
CLL or PLL were diagnosed as lymphomas of follicle
center origin with leukemic phase based on the
presence of t(14;18) (q32;q21). Thus although the
morphology of these six cases resembled CLL or
variants, and immunophenotyping by flow cytom-
etry showed overlapping features, genetic studies
enabled distinction of these leukemic non-Hodgkin
lymphoma from chronic lymphocytic leukemia or
variants.

KEY WORDS: Chronic lymphocytic leukemia, FISH,
Follicle center lymphoma, Mantle cell lymphoma,
Prolymphocytic leukemia.

Mod Pathol 2002;15(11):1111–1120

Chronic lymphocytic leukemia is a disease of older
adults. The clinical course is variable; many pa-
tients have an indolent, slowly progressive disease
lasting several years, whereas others have a more
rapid downhill course with survival of less than 1–2
years (1, 2). CLL is characterized by absolute lym-
phocytosis in the peripheral blood and bone mar-
row at the time of diagnosis. The lymphocytes are
typically small and mature appearing, but �10%
circulating prolymphocytes may be present. CLL/
prolymphocytic leukemia (PLL) is the designation
used when between 10 and 55% prolymphocytes
are present at diagnosis. Cases with �55% prolym-
phocytes are regarded as PLL (3). Patients with de
novo PLL typically present with high white blood
cell counts, splenomegaly, and clinically aggressive
disease (3).
Non-Hodgkin lymphomas also may have exten-

sive bone marrow and peripheral blood involve-
ment at initial presentation. Lymphomas that fre-
quently exhibit circulating lymphoma cells include
mantle cell lymphoma (MCL) and follicle center
lymphoma (FCL; 4–6); however, a prominent pe-
ripheral blood lymphocytosis at diagnosis is un-
common. Circulating FCL cells are typically small
with scant cytoplasm and cleaved or irregular nu-
clei. Cells fromMCL are usually intermediate in size
with variable morphology, including round or irreg-
ular nuclei, frequent visible nucleoli, and variable
amounts of cytoplasm (7–9).
Recognition of the leukemic counterpart of non-

Hodgkin lymphoma is facilitated when the leuke-
mia occurs as a late complication of preexisting
disease. Non-Hodgkin lymphoma is less obvious if
a leukemic phase occurs at presentation. We de-
scribe the clinical, morphologic, immunopheno-
typic, and cytogenetic findings of 6 cases of non-
Hodgkin, B-cell lymphomas that presented with
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extensive peripheral blood involvement and that
were morphologically indistinguishable from CLL,
CLL/PLL, or PLL.

METHODS/CASE REPORTS
Four cases of B-cell lymphoma that manifested

with leukocytosis and absolute lymphocytosis and
morphology resembling CLL or variants were en-
countered between December 1998 and September
2001. Two additional cases, one from 1989 and the
other from 1993, were identified retrospectively
from the files of one author (LP). Each patient had
a complete blood cell count with differential. Bone
marrow aspirates and biopsies were obtained from
all but one patient (Case 3), and a lymph node
biopsy was obtained from one patient (Case 2).
Sections of bone marrow and lymph node were
fixed in formalin or B5, routinely processed, and
stained with hematoxylin and eosin (H&E). Wright-
Giemsa–stained peripheral blood smears and
Wright-Giemsa–stained bone marrow aspirate
smears were reviewed. Immunophenotyping by
flow cytometry of bone marrow aspirate and/or
peripheral blood was performed as previously de-
scribed (10). Samples were stained and analyzed
within 24 hours of collection. Immunohistochem-
istry for cyclin D1 (clone DCS-6, DAKO Corpora-
tion, Carpenteria, CA) was performed on formalin-
fixed, paraffin-embedded lymph node sections.
Conventional cytogenetic studies were performed
as previously published (11). Fluorescence in situ
hybridization (FISH) was performed according to
the manufacturer’s directions using commercially
available t(11;14) and t(14;18) dual-fusion probes
(Vysis, Downers Grove, IL).

Case 1
A 71-year-old female was diagnosed with CLL in

September 1997 based on an absolute lymphocyto-
sis in the peripheral blood with mature-appearing
lymphocytes. She was monitored for disease pro-
gression but not treated. Three years after the initial
diagnosis (August 2000), she was referred to North-
western Memorial Hospital for further evaluation
because of increased fatigue as well as new onset of
splenomegaly and cervical lymphadenopathy.

At the time of referral, the white blood cell count
(white blood cell count) was 143.4 � 109/L; hemo-
globin (Hgb), 10.8 g/dL; and platelets (PLT), 146 �
109/L. The differential showed 94% lymphocytes,
4% neutrophils, and 2% monocytes. The lympho-
cytes were mostly small and mature appearing but
included 15% larger cells with ample cytoplasm and
central nucleoli consistent with prolymphocytes
(Fig. 1A). A presumptive diagnosis of CLL/PLL was
made based on the morphologic findings, and fur-

ther studies were recommended. A bone marrow
biopsy showed random focal nodular and an inter-
stitial lymphoid infiltrate composed of small lym-
phocytes with condensed chromatin and about
20% large lymphoid cells with distinct nucleoli (Fig.
1B)

Immunophenotyping by flow cytometry of the
peripheral blood showed bright kappa surface im-
munoglobulin (Ig) light chain restricted B cells that
were dim CD20 positive, partially CD5 positive,
CD23 positive, bright CD79b positive, FMC7 nega-
tive, and CD10 negative (Table 2). The bone mar-
row showed similar immunophenotypic findings as
the peripheral blood although all the monoclonal
B-cells were CD5 negative, and both CD20 and the
surface immunoglobulin staining intensity were
bright. Conventional cytogenetic studies showed a
complex karyotype with both numerical and struc-
tural anomalies detailed in Table 3. Fluorescence in
situ hybridization (FISH) studies demonstrated cy-
clin D1 (CCND1) and Ig heavy chain fusion in 93.8%
of the 500 nuclei examined compatible with t(11;14)
(q13;q32); this abnormality was not identified by
the conventional cytogenetics. Based on the results
of all of the above studies, MCL was diagnosed.

FIGURE 1. Patient 1. A, Peripheral blood smear from a patient with
mantle cell lymphoma resembling CLL/PLL. The majority of the
lymphocytes are small, mature appearing; a few show looser chromatin
and large nucleoli. B, Bone marrow core biopsy involved by mantle cell
lymphoma showing one of multiple intertrabecular lymphoid
aggregates.
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Initially the patient received Fludarabine based
on the history of CLL but was subsequently
changed to Cyclophosphamide, Adriamycin, and
Teniposide (multimodality, mantle cell protocol
therapy). Although there was an initial response to
therapy, the patient died in October 2001, 4 years
after initial presentation.

Case 2
A 54-year-old female with a history of adult-onset

diabetes presented with complaints of night sweats,
pruritus, fatigue, and dry mouth in August of 1998.
Complete blood cell count showed absolute lym-
phocytosis (white blood cell count of 71.3 � 109/L;
lymphocytes 93%). A presumptive diagnosis of CLL
was made, and no further workup was done. In
December of the same year, repeat evaluation

showed white blood cell count of 180 � 109/L; Hgb,
9.8 g/dL; Hct, 30.5%; and PLT, 42 � 109/L. The
differential showed 91% lymphocytes and 9% neu-
trophils. Most lymphocytes (Fig. 2A) were small
with condensed chromatin and scant cytoplasm;
there were also rare cells compatible with prolym-
phocytes. A bone marrow specimen showed an ex-
tensive diffuse, lymphoid infiltrate (Fig. 2B) com-
prised of small, mature-appearing cells. The
morphologic impression was CLL. Immunopheno-
typing by flow cytometry of the peripheral blood
showed that the cells were CD5 positive, kappa
surface Ig light chain restricted B cells with bright
surface Ig and CD20 staining intensity, CD23 neg-
ative, bright CD79b positive, FMC7 positive, and
CD10 negative (Table 2). Computed tomography
(CT) scan demonstrated massive hepatospleno-
megaly and enlarged lymph nodes in the axillae and
abdomen. Because the flow cytometry results were
not typical for CLL, an axillary lymph node biopsy
was done; the lymph node showed effaced archi-
tecture by a mostly diffuse and vaguely nodular
proliferation of small lymphocytes (Fig. 2C). There
were no proliferation centers. Cyclin-D1 immuno-
stain performed on the lymph node was positive
(Fig. 2D). Conventional cytogenetic studies of the
bone marrow demonstrated a complex female
karyotype with t(11;14) (q13;q32) in three met-
aphases (Table 3). MCL in leukemic phase was di-
agnosed based on the combination of morphologic,
immunophenotypic, immunohistochemical, and
cytogenetic findings.

The patient received chemotherapy as well as
radiation to the spleen. One year after initial diag-
nosis (August 1999), hepatosplenomegaly and

TABLE 1. Clinical Findings at Presentation

Case
No.

Age (y)/sex
Absolute

Lymphocyte
Count (per �L)

Adenopathy Splenomegaly
Follow-up

(mo)
Initial Dx Final Dx

1 71/F 134,796 Present Present D (49) CLL/PL MCL
2 54/F 66,309 Present Present D (19) CLL MCL
3 78/F 22,670 Absent Present A (3) CLL/PL MCL
4 71/M 11,765 Present Unknown A (60) CLL MCL
5 89/M 56,588 Absent Absent D (50) CLL FL
6 57/M 24,624 Present Present A (6) PLL FL

A, alive; D, dead.

TABLE 2. Flow Cytometric Immunophenotypic Findings

Case
No.

Specimen CD5 CD10 CD23 FMC7 CD79b
CD20

Intensity
Light Chain
(Intensity)

1 PB � � � � � Dim Kappa (bright)
BM � � � � � Bright Kappa (bright)

2 PB � � � � � Bright Kappa (bright)
3 BM � � � � � Bright Kappa (bright)
4 PB � ND �/dim ND ND Dim Lambda (bright)
5 PB � ND ND ND ND NA Lambda (NA)
6 PB � �/dim � ND ND Bright Lambda (bright)

PB, peripheral blood; BM, bone marrow; ND, not done; NA, not available; �, positive; �, negative.

TABLE 3. Cytogenetic Findings

Case
No.

Cytogenetic Results

1 45, XX, add(2)(q27), add(3)(p11), add(6)(p11.2), add(9)(q34),
add(10)(p11.2), add(18)(q21), �22[12].
FISH: CCND1/IgH fusion in 93.8% of 500 nuclei.

2 46, XX, add(5)(p15.1), del(8)(p11.2), t(11;14)(q13;qq32), [19]/46,
idem, add(12)(p13) [1]/47, X, add(X), (p22.1), add (5) (p15.1), �8,
t(11;14) (q13;q32), �17, �mar[1].

3 42–43, X, �X, t(1;16) (p13;q22), �3, del(6) (q21), del(7) (q11.2), �8,
der(9), t(9:11) (q34;q13), �10, del(11) (q11.2), der(12) t(7;12)
(11.2;p11.20, �13, add(13) (q32), der(17;18) (q10;q10), add (18)
(q23), add(19) (p13.3), �22, �der(?) t(3;?) (p21;?), �2mar[cp6]/44,
XX, t(11;14) (q13;q32), �13, �16[1]/46, XX[13]
FISH: CCND1/IgH fusion in 46% of 500 nuclei.

4 46, XY, t(11;14) (q13;q32)[30], NCA 47, idem �14 [1],47, idem
�mar[1], 46, XY[9].

5 t(14;18)(q32;q21) t(6;19) (q12;q12)
6 46, XY.

FISH: IgH/BCL2 fusion in 87.4% of 500 nuclei.
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lymphadenopathy had resolved. She completed
chemotherapy 2 months later, but disease recurred,
and she died in March 2000.

Case 3
A 78-year-old female complained of fatigue and

early satiety in September 2001. Physical examina-
tion showed marked splenomegaly and no lymph-

adenopathy. Complete blood cell count showed
white blood cell count of 21.8 � 109/L; Hgb, 10.5
g/dL; Hct, 33.2%; and PLT, 177 � 109/L. The white
blood cell count differential showed 87% lympho-
cytes, 10% neutrophils, 1% monocytes, and 2% ba-
sophils. The lymphocytes were mostly small and
mature appearing, but 25% were large with loosely
condensed chromatin and distinct nucleoli (Fig. 3).

FIGURE 2. Patient 2. A, Peripheral blood smear with mantle cell lymphoma. The circulating lymphocytes are small with clumped chromatin, very
similar appearing to those in chronic lymphocytic leukemia. B, Bone marrow core biopsy. This mantle cell lymphoma completely replaces the
normal hematopoietic elements with an extensive diffuse infiltrate. C–E, Lymph node biopsy from patient 2 shows replacement by mantle cell
lymphoma with a vaguely nodular growth pattern. Note the absence of proliferation centers. D, Higher magnification of Panel C. The lymphoma
cells are small and mature appearing. Several mitoses are present within the infiltrate. E, Cyclin-D1 immunostain of the lymph node biopsy. Note
the characteristic variable intensity of the positive nuclei.
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A bone marrow core biopsy showed an interstitial
lymphoid infiltrate with a focally nodular and in-
trasinusoidal component composed of small cells
with condensed chromatin. Immunophenotyping
of the bone marrow by flow cytometry showed that
the cells were CD5 positive, bright kappa surface
immunoglobulin light chain restricted B cells that
were bright CD20 positive, CD23 positive, CD79b
positive, and FMC7 positive. CLL/PLL was thought
to be the most likely diagnosis, but cytogenetic
studies were suggested because the immunopheno-
typic and the morphologic findings were not
typical.

Conventional chromosomal banding of the bone
marrow showed an abnormal female karyotype
with multiple structural and numeric abnormalities
(Table 3), including one cell with t(11;14) (q13;q32).
Interphase FISH studies with locus-specific probes
for 11q23 (CCND1) and 14q32 (IgH) showed that
46% of 500 nuclei had fusion of CCND1 and IgH.
Mantle cell lymphoma was diagnosed, and anti-
CD20 (Rituximab) therapy was begun.

Case 4
In December 1991, a routine complete blood cell

count performed on a 69-year-old man showed
white blood cell count of 18.1 � 109/L; Hgb, 16.4
g/dL; Hct, 47.5%; and PLT, 203 � 109/L. The differ-
ential showed 64.8% lymphocytes, 29.8% neutro-
phils, 4.6% monocytes, 0.7% eosinophils, and 0.1%
basophils. The lymphocytes were mostly small,
with scant cytoplasm and condensed chromatin
(Fig. 4) An occasional lymphocyte was larger, with
more ample cytoplasm and visible nucleolus. Re-
evaluation 2 years later in March 1993 showed sim-
ilar complete blood cell count and differential find-
ings and absence of lymphadenopathy based on
physical examination. Flow cytometric studies per-
formed on the peripheral blood showed a predom-

inant population of CD5-positive, bright lambda
surface Ig light chain restricted B cells that were
dimly positive for CD20, CD22, and CD23 (Table 2).
The morphologic and immunophenotypic findings
were interpreted as consistent with CLL, and he was
not treated. However, conventional cytogenetic
studies of the peripheral blood showed an abnor-
mal mosaic male karyotype with t(11;14) (q13;q32)
(Table 3). The case was reclassified as MCL based
on the cytogenetic findings.

At last follow-up in November 1996, the patient
had developed lymphadenopathy in the left axilla
and the white blood cell count had increased to
31.7 � 109/L with 80% lymphocytes; the remainder
of the complete blood cell count was essentially
unchanged from the values obtained in 1991. Ra-
diologic studies were planned to evaluate the extent
of the lymphadenopathy before initiating chemo-
therapy when he was lost to follow-up.

Case 5
An 89-year-old man with history of CLL diag-

nosed in May 1986 was hospitalized on multiple
occasions for treatment of urosepsis and pneumo-
nia. Physical examination showed no lymphade-
nopathy or other organomegaly. Complete blood
cell count performed in 1989 showed white blood
cell count of 65.8 � 109/L; Hgb, 12.5 g/dL; and PLT,
212 � 109/L. The peripheral blood (Fig. 5A) showed
a uniform population of small lymphocytes with
condensed chromatin and scant cytoplasm. Only
rare lymphocytes showed slight nuclear indenta-
tions. Flow-cytometric studies of the peripheral
blood showed CD19-positive, CD5-positive,
lambda surface Ig light chain restricted B cells. The
staining intensity of surface Ig was not available
and CD10 or CD23 were not studied, but the phe-
notype was interpreted as being consistent with
CLL. A bone marrow biopsy (Fig. 5B) showed a
nodular, non-paratrabecular lymphoid infiltrate

FIGURE 3. Peripheral blood (Patient 3) showing circulating mantle
cell lymphoma. Most of the lymphocytes are small and mature
appearing; rare lymphocytes have visible nucleolus.

FIGURE 4. Peripheral blood (Patient 4) with mantle cell lymphoma.
The lymphocytes are small and mature appearing.
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composed of small, mature appearing cells. There
were also focal areas with an interstitial infiltrate.

Conventional cytogenetic studies performed on
the peripheral blood showed an abnormal male
karyotype with t(14;18) (q32;q21). Repeat studies on
three other occasions, once in 1989 and twice in
1999, showed the t(14;18) in addition to t(6;19) (p12;
q12) (Table 3).

Based primarily on the complete blood cell
count and the morphologic findings in the pe-
ripheral blood, CLL was diagnosed initially. How-
ever, the case was subsequently reclassified as
follicle center cell lymphoma with leukemic
phase after correlation with the cytogenetic re-
sults. The patient was not treated for lymphoma
and died in September 1990, almost 4 years after
the initial diagnosis.

Case 6
A 57-year-old man presented in June 2000 with

complaints of repeated episodes of lightheaded-
ness, weakness, and dark stools. Physical examina-
tion showed mild splenomegaly without peripheral
lymphadenopathy. However, CT scan of the chest
and abdomen subsequently demonstrated enlarged
lymph nodes in the mesentery, retroperitoneum,

and celiac region. Complete blood cell count
showed white blood cell count of 30.4 � 109/L; Hgb,
11.3 g/dL; HCT, 33%; and PLT, 175 � 109/L. The
differential showed 81% lymphocytes. The lympho-
cytes (Fig. 6A) were predominantly medium to
large, with moderate amount of pale blue cyto-
plasm, round central nuclei, coarse chromatin, and
a single central nucleolus. Occasional small lym-
phocytes with condensed chromatin and notched
nuclei were also present. Imunophenotyping by
flow cytometry of the peripheral blood showed
CD5-negative, CD23-negative, partially CD10 posi-
tive (dim), bright lambda surface Ig light chain re-
stricted B-cells. A bone marrow specimen (Fig. 6B)
demonstrated extensive interstitial and diffuse in-
filtrate of large lymphoid cells. Prolymphocytic leu-
kemia was thought to be the most likely diagnosis
based on the morphology, and physical findings.
Because of the CD10 positivity, cytogenetic studies
were performed.

Conventional cytogenetic studies performed on
the peripheral blood showed a normal 46, XY (20)
karyotype. However, interphase FISH studies using
locus-specific probes for 14q32 (IgH) and 18q21.3
(BCL2) were performed. The results showed that

FIGURE 5. A, Peripheral blood (Patient 5) with follicular lymphoma
showing lymphocytes that have round nuclei and clumped chromatin.
B, Bone marrow core biopsy. Note the lymphoid aggregate adjacent to
but not touching the bony trabeculum.

FIGURE 6. Patient 6. A, Peripheral blood with follicular lymphoma.
The circulating lymphoma cells are medium sized with ample
cytoplasm, clumped chromatin and distinct nucleolus, thus resembling
prolymphocytes. B, CD20 immunostain of the bone marrow core
biopsy shows a focus with an interstitial infiltrate. Elsewhere, the
infiltrate was diffuse.
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87.4% of 500 nuclei had BCL2/IgH fusion compat-
ible with t(14;18). Although PLL was considered
initially, a large cell, follicle center cell lymphoma in
leukemic phase was diagnosed based on the cyto-
genetic findings.

The patient was treated with Cyclophosphamide,
Adriamycin, Prednisone, and Vincristine (CHOP)
chemotherapy and reevaluated in August 2000 be-
cause the white blood cell count remained abnor-
mal at 24.6 � 109/L. Physical examination at reeval-
uation did not show lymphadenopathy, but there
was mild splenomegaly. He received additional
CHOP chemotherapy including intrathecal admin-
istration and received cranial radiation because of
meningeal involvement by the lymphoma. At last
follow-up, in December 2000, he was alive with
residual disease.

DISCUSSION

Six cases of B-cell non-Hodgkin’s lymphomas
that presented with a prominent peripheral blood
absolute lymphocytosis and that exhibited blood
and bone marrow morphology indistinguishable
from CLL, CLL/PLL, or PLL are reported. Four cases
initially considered to be CLL or CLL/PLL were
positive for t(11;14) (q13;q32) and were subse-
quently diagnosed as MCL with a leukemic presen-
tation; two cases initially considered to be CLL or
PLL were t(14;18) (q32;q21) positive and were clas-
sified as FCLs with a leukemic presentation.

Immunophenotyping by flow cytometry was per-
formed on the four cases of MCL; only one showed
a phenotype typical for MCL. This CD23-negative
case was unusual for CLL and prompted a lymph
node biopsy as well as the cytogenetic studies that
confirmed the diagnosis of MCL. In the other three
cases of MCL, the phenotype was not definitive for
either MCL or CLL. As is typical of both neoplasms,
all three cases were CD5 positive. CD23 was posi-
tive in all three cases supporting CLL. The CD23
positivity was dim in one of the three cases, but this
is not discriminating because both MCL and CLL
may be dim CD23 positive (12). Even though all
three patients had bright surface Ig light chain in-
tensity and two had bright CD20 staining, these
findings were insufficient for a definitive diagnosis.
Bright-surface Ig light chain and bright CD20 stain-
ing intensity are more often observed in MCL and
FCL than in CLL (13), but considerable overlap
occurs. In one large series of 93 patients with CLL,
26% had strong CD20 expression, whereas 24% had
strong surface Ig light-chain expression (14). FMC7
has been proposed to be one of the most reliable
markers to help differentiate other B-cell neo-
plasms from CLL which is typically FMC7 negative
(15, 16). Our experience also supports this view (17).

However, only one of the above three cases was
FMC7 positive; thus, although FMC7 may point to a
non-CLL lymphoid neoplasm, it was not a reliable
marker to rule out CLL in these cases. Bright CD79b
staining was also present in all three MCL studied.
CD79b positivity is unusual for CLL. In one study,
only 5% of 330 CLL cases were CD79b positive (18);
and when cases with “atypical morphology” were
excluded, only 2.3% of CLL were positive. MCL and
FCL were CD79b positive in slightly �90% and 80%
of cases, respectively, in this same series (18). Al-
though not specific, bright CD79b positivity may be
an important clue to further evaluate cases that on
initial impression are thought to be CLL.

Three of the patients with MCL had bone marrow
biopsies; the morphology of the lymphoma did not
distinguish between CLL and MCL. The lymphoid
infiltrates in the trephine biopsies were interstitial,
diffuse, or focal random, patterns that also occur in
CLL. Paratrabecular infiltrates, a feature that would
be strongly against the diagnosis of CLL, were not
identified. Proliferation centers were not identified
but are not present in the bone marrow in the
majority of cases of CLL. Cyclin-D1 (BCL-1) immu-
nostain is valuable to confirm a diagnosis of MCL.
However, B5-fixed bone marrow trephine biopsies
and clot sections involved by MCL are consistently
cyclin-D1 negative in our laboratory. False-negative
cyclin-D1 stain has also been reported in B5-fixed
tissues by others (19). Although cyclin–D1 immu-
nostain has been used successfully in B5-fixed bone
marrow specimens (20, 21), staining intensity is
reported to be weaker in the B5-fixed bone marrow
specimens (20). Cyclin-D1 stain was positive in the
single case (Case 2) in this report in which formalin-
fixed lymph node tissue was available.

When the diagnosis of CLL in the blood or bone
marrow is not clear, a lymph node biopsy will usu-
ally clarify the diagnosis. One patient (Patient 2)
had a lymph node biopsy because the immunophe-
notype obtained from the peripheral blood was un-
usual for CLL. However, the remaining patients did
not have lymph node biopsies because they were
felt to have CLL and lymph node biopsies are not
routinely performed at diagnosis in CLL, because
there was no lymphadenopathy, or because en-
larged lymph nodes were not easily accessible.

Although peripheral blood involvement occurs in
�77% of MCL (22), the number of circulating lym-
phoma cells is typically low; most cases do not
present with absolute lymphocytosis even when
there are circulating lymphoma cells (4, 9). In ad-
dition, the morphology of the circulating lym-
phoma cells usually differs from CLL because the
nuclei of the lymphoma cells are often irregular,
with frequent visible nucleoli. However, cases with
features that mimic CLL have been described (7, 23,
24). Bosch et al. (23), in their series of 59 MCLS,
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noted that some were initially misclassified as atyp-
ical CLL, although the extent of blood involvement
and detailed morphologic and phenotypic informa-
tion were not provided. Wong et al. (7) described 14
patients with MCL in leukemic phase that resem-
bled chronic lymphoproliferative disorders. Four
patients in the Wong’s series had lymphocytosis at
diagnosis composed of small, mature appearing
cells with occasional admixed prolymphocyte-like
cells similar to the cases we present. Schlette et al.
(24) described leukemic MCL in 23 patients who all
had absolute lymphocytosis at initial diagnosis.
Seventy percent (16/23) of the patients in the
Schlette et al. series were referred with a diagnosis
of CLL. Although some of these patients had circu-
lating lymphoma cells that resembled CLL, the
number of cases or detailed phenotype were not
provided for this group of patients. However, mis-
diagnosis of MCL as CLL seems to be a common
occurrence.

One of the six cases initially interpreted as CLL in
this series was classified as FCL with leukemic pre-
sentation after conventional chromosomal banding
revealed t(14;18) (q32;q21). Only limited immuno-
phenotypic data was available for this patient, and
information regarding CD10, CD23, and surface Ig
intensity was not available. CD5 was positive; this is
unusual for FCL but has been previously reported
(25). A bone marrow biopsy showed several focal,
non-paratrabecular lymphoid infiltrates; a pattern
often observed in CLL. Others have classified simi-
lar cases with 14q32 abnormality as CLL (26), but
we choose to separate this case from CLL because
the IgH/BCL2 fusion product is typical for FCL (27,
28).

An additional t(14;18) (q32;q21)–positive case
(Case 6) was initially considered to be PLL based on
morphology. The clonal B cells were CD5 and CD23
negative, similar to the phenotype of PLL (1, 29);
however CD10 was dimly positive, and this was
unusual for PLL. Therefore FISH studies using
probes for t(14;18) were performed to evaluate for
FCL. IgH/BCL2 fusion compatible with t(14;18)
(q32;q21) was detected, and this case was classified
as a large cell lymphoma of follicle center cell ori-
gin. A follicular growth pattern could not be ex-
cluded based solely on the morphologic findings in
the peripheral blood and bone marrow, and no
other tissues were available for evaluation. The t(14;
18) with BCL-2 gene rearrangement has been de-
tected in 20 to 28% of diffuse large B-cell lympho-
mas (DLBCL) (28, 30). It is worth noting that a
recent study showed that DLBCL without follicular
growth pattern and with t(14;18) have gene expres-
sion profile resembling normal germinal-center B
cells (28). This finding would support classification
of lymphomas with t(14;18) as being of follicle cen-
ter cell origin.

Patients with FCL may present with absolute lym-
phocytosis in �23% of cases (31). The circulating lym-
phoma cells are typically small with scant cytoplasm
and cleaved nuclei (25, 31). Both long-term survival
(31) and poor response to chemotherapy (25) have
been observed in these patients. Leukemic follicle
center cell lymphoma resembling PLL has not been
reported previously, to our knowledge.

Of note, Schlette et al. (8) recently reported leu-
kemic MCL that also resembled PLL. In their series
of 20 PLL, t(11;14) was demonstrated in four cases
that were ultimately classified as MCL. In light of
the findings by Schlette et al. (8) and Case 6 in this
series, PLL should be considered only after exclud-
ing non-Hodgkin lymphomas such as mantle cell
and FCL. In fact, PLL may need to be reevaluated as
a distinct entity.

The presence or absence of organomegaly did
not help to distinguish these non-Hodgkin lympho-
mas from CLL because although patients with low-
stage CLL often do not present with organomegaly,
those with advanced-stage disease commonly do.
Because most patients with MCL and FCL present
with lymphadenopathy (4, 9, 32), the absence of
organomegaly in one patient with FCL and the ab-
sence of lymphadenopathy in one with MCL were
unusual and may further contribute to confusion
with CLL. The patient with IgH/BCL2 fusion (Case
5) who lacked organomegaly was evaluated only by
physical examination; CT scans or other radiologic
studies were not performed to evaluate for intra-
abdominal lymphadenopathy. Lymphadenopathy
was detected only with CT scans in the other pa-
tient with IgH/BCL2 fusion (Case 6); it is possible
that similar studies could have revealed lymphade-
nopathy in Case 5. Although unusual, cases of MCL
that lack lymphadenopathy at diagnosis (22) and
cases that present with prominent splenomegaly,
absence of lymphadenopathy, and leukemic phase
have been reported (33). Similar to our cases of
MCL, the series of 8 patients reported by Molina et
al. (33) all had t(11;14) (q13;q32), but unlike our
cases, most (6/8) had phenotype consistent with
MCL. The authors were able to demonstrate strong
expression of cyclin-D1 protein in extracts obtained
from the peripheral blood mononuclear cells using
western blot analysis although cyclin-D1 immuno-
stain could not be performed on the bone marrow
specimens processed in Bouin’s fixative.

Although there are difficulties in separating CLL
from some non-Hodgkin lymphoma, distinction is
important because prognostic and therapeutic dif-
ferences exist. Despite treatment with combination
chemotherapy for aggressive lymphoma, median
overall survival for MCL ranges from 3–5 years (9,
31), whereas CLL has a median survival of 10 years
(2), and indolent FCL has median survival of 8 to 10
years (34). In addition, many patients with low-
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stage CLL receive no therapy until there is progres-
sion of disease (1, 2).

The initial impression of CLL is usually ascer-
tained from a peripheral blood lymphocytosis com-
posed of small, mature-appearing cells. Immuno-
phenotyping has become an essential tool to
confirm the diagnosis and to separate CLL from
other lymphoid malignancies. Bone marrow tre-
phine biopsies are also helpful because the pres-
ence of paratrabecular aggregates exclude the diag-
nosis of CLL. Although lymph node biopsies are not
routinely performed at diagnosis of CLL, findings in
a lymph node are often diagnostic; therefore, lymph
node biopsies should be considered at initial diag-
nosis for cases of suspected CLL in which the find-
ings are not typical. A positive cyclin-D1 immuno-
stain excludes CLL and confirms the diagnosis of
MCL. CLL cases are not routinely tested for cytoge-
netic abnormalities because there is no single pa-
thognomonic karyotype (26). However, CLL cases
may benefit from cytogenetic studies to provide
prognostic information. Our report emphasizes
that cytogenetic studies may also be important to
exclude other non-Hodgkin lymphomas, especially
when the morphology and/or immunophenotypic
findings are not typical for CLL. Molecular cytoge-
netic studies to evaluate for specific translocations
such as t(11;14) or t(14;18) should be considered if
conventional chromosome banding does not reveal
a clonal abnormality. Of note, one patient in our
series (Case 1) had CCND1/IgH fusion demon-
strated in �90% of cells analyzed with FISH,
whereas conventional chromosome banding did
not detect this abnormality. In fact, molecular cy-
togenetic studies have been reported to detect
genomic aberrations up to twice as frequently as
chromosome banding (26).
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