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Follicular lymphoma is a low-grade B-cell lymphoma of germinal center B-cell origin that typically lacks CD5
expression. We describe the clinicopathologic features of 88 cases of CD5+ follicular lymphoma (53 men, 35
women; median age, 60 years; range, 31–86). Follicular lymphoma was diagnosed initially in lymph nodes in 66
and extranodal sites in 22 patients. Eighty-one patients had lymphadenopathy, 66 had more than one involved
site, 46 had bone marrow involvement, and 7 had splenomegaly. Staging information was available for 84
patients: 52 stage IV, 18 stage III, 12 stage II, and 2 stage I. Sixty-one cases were grade 1 or 2 and 27 were grade 3.
The median proliferation index (Ki-67) was 30%. CD5 expression was detected by flow cytometry in 69,
immunohistochemistry in 8, and both methods in 11 cases. The presence of t(14;18)(q32;q21)/IGH-BCL2 or other
BCL2 translocation was detected in 28/44 (64%) cases. A total of 38 (43%) patients also had diffuse large B-cell
lymphoma, concurrent with (n= 20), subsequent to (n= 13), or developing before CD5+ follicular lymphoma
(n= 5). All patients received chemotherapy; 12 also received stem-cell transplantation. With a median follow-up
of 55 months (range, 0.5–207), 15 patients died, 46 were alive with disease, and 20 were in clinical remission.
Compared with a matched group of patients with CD5− follicular lymphoma, patients with CD5+ follicular
lymphoma more commonly had an International Prognostic Index 42 (35/80 vs 10/99, Po0.001), more often
developed diffuse large B-cell lymphoma (38/88 vs 17/99; Po0.001), and had a shorter median progression-free
survival (44 vs 89 months, P= 0.0042). Higher Ki-67 and International Prognostic Index were identified as poor
prognostic factors in both the groups. We conclude that CD5 expression in follicular lymphoma is associated
with a higher International Prognostic Index, higher rate of transformation to diffuse large B-cell lymphoma, and
shorter progression-free survival.
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Follicular lymphoma is the most common indolent
non-Hodgkin lymphoma and the second most com-
mon non-Hodgkin lymphoma overall in the USA.1

Follicular lymphoma is defined as a neoplasm com-
posed of germinal center-derived B-cells that usually
form at least a partial follicular growth pattern.1 Most
patients with follicular lymphoma present with a
widespread disease and have an indolent clinical
course.1 The genetic hallmark of follicular lymphoma,
t(14;18)(q32;q21)/IGH-BCL2, has been identified in
80–90% of cases and leads to deregulated expression
of BCL2.2

Follicular lymphoma has a specific immunophe-
notype, positive for pan B-cell markers, monotypic
surface immunoglobulin light chain, and follicular
center cell-associated antigens, such as CD10, BCL-6
and LMO2, but negative for pan T-cell antigens.1 The
T-cell marker CD5 is usually negative in follicular
lymphoma and therefore CD5 expression is useful in
distinguishing follicular lymphoma from other low-
grade B-cell lymphomas.3 However, cases of CD5+
follicular lymphoma have been reported in small
numbers.4–9 More recently, Miyoshi et al10 described
a series of 22 cases of CD5+ follicular lymphoma
from Japan and reported that patients with CD5+
follicular lymphoma had a higher frequency of peri-
pheral blood involvement and CD25 and MUM1
expression, a lower frequency of t(14;18)(q32;q21),
and the worse overall survival.

In this study, we describe the clinicopatho-
logic, immunophenotypic, and molecular genetic
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features of 88 patients with CD5+ follicular lym-
phoma seen at our institution, the largest series
reported to date.

Materials and methods

Case Selection

We searched the database of the Department of
Hematopathology at The University of Texas MD
Anderson Cancer Center, from 1 January 2000 to 30
June 2014, for cases of follicular lymphoma that were
positive for CD5 as shown by flow cytometry
immunophenotypic analysis or immunohistochem-
istry. A group of 99 patients with CD5-negative
follicular lymphoma matched for age, gender, and
stage were selected as a comparison group. The
diagnosis was based on morphologic and immuno-
phenotypic criteria as specified in the World Health
Organization classification.1 Clinical information
was obtained by review of medical records. This
study was conducted according to an institutional
review board-approved laboratory protocol.

Morphologic Evaluation and Immunophenotypic
Analysis

We reviewed hematoxylin-eosin-stained tissue sec-
tions of diagnostic biopsy specimens. In patients
with bone marrow involvement, hematoxylin-eosin-
stained core biopsy and clot sections, as well as
Wright-Giemsa-stained aspirate smears and touch
imprints were also reviewed.

Flow cytometry immunophenotypic analysis was
performed on cell suspensions of tissue biopsy or
bone marrow aspirate using a FACScan instrument
(Becton-Dickinson Biosciences, San Jose, CA, USA)
as described previously.11 The lymphocyte popula-
tion was gated using right angle side scatter and
CD45 expression. The panel of monoclonal antibod-
ies included reagents specific for CD3, CD5, CD10,
CD11c, CD19, CD20, CD22, CD23, CD30, CD38,
CD43, CD45, CD79b, CD200, FMC-7, and surface
immunoglobulin kappa and lambda light chains
(Becton-Dickinson Biosciences).

Immunohistochemical studies were performed
using formalin-fixed, paraffin-embedded sections of
nodal or extranodal tissue biopsy specimens or bone
marrow core biopsy or aspirate clot specimens using
the avidin-biotin-peroxidase complex method and
an automated immunostainer (Ventana-Biotech,
Tucson, AZ, USA) as described previously.12 All
tissue sections underwent heat-induced antigen
retrieval. The antibodies used were specific for
CD3, CD20, CD43, BCL-6, MUM1, and Ki-67 (Dako,
Carpinteria, CA, USA); CD5 and cyclin D1 (SP4;
Labvision/Neomarkers, Fremont, CA, USA); CD10,
CD23, and BCL2 (Novocastra/Vision Biosystem,
Benton Lane, Newcastle-upon-Tyne, UK); CD21
(Leica Biosystems, Buffalo Grove, IL, USA); and

PAX-5 (Transduction Labs, San Diego, CA, USA).
Membranous reactivity for CD5 by the neoplastic
CD20+ B-cells was considered positive. CD3+ T-cells
were used for comparison in the assessment of CD5
expression.

Cytogenetic Analysis

Conventional cytogenetic analysis was performed on
metaphase cells prepared form bone marrow aspirate
or cell suspensions from tissue biopsy specimens
using standard techniques. Twenty Giemsa-banded
metaphases were analyzed, and the results were
reported using the International System for Human
Cytogenetic Nomenclature (2013).

Fluorescence in situ hybridization analysis for the
detection of IGH (or IGL) and BCL2 gene rearrange-
ment was performed using a LSI IGH(IGL)/BCL2
dual-color, dual-fusion translocation probe on
interphase nuclei obtained from bone marrow
cells or tissue sections, according to the manufac-
turer’s instructions (Vysis/Abbott Laboratories, Des
Plaines, IL, USA). We also performed fluorescence
in situ hybridization analysis for the presence of
IGH and CCND1 gene rearrangement using a LSI
IGH/CCND1 dual-color, dual-fusion translocation
probe in a sub set of the cases (Vysis/Abbott
Laboratories).

Molecular Analysis

DNA was extracted from bone marrow aspirate or
fixed, paraffin-embedded tissue and was subjected to
TaqMan IGH/BCL2 qualitative real-time polymerase
chain reaction coupled with fluorescent-based capil-
lary electrophoresis (Applied Biosystems, Foster
City, CA, USA), as described previously.13 Amplifi-
cation of a 93 bp sequence from the cyclophilin gene
was performed simultaneously in all cases to
normalize the IGH/BCL2 values to the amount of
input DNA. DNA obtained from the HL60 cell line
was used as a negative control.

Statistical Analysis

Statistical analyses were performed using the Graph-
Pad Prism 5 and SAS-9. Overall survival was
calculated from the date of initial diagnosis to the
date of death or last follow-up. Progression-free
survival was calculated from the date of initial
diagnosis to the date of progression or last follow-
up. Survival was analyzed using the Kaplan–Meier
method and was compared using the log rank test.
Fisher’s exact test was utilized to analyze differences
between the CD5+ and CD5− follicular lymphoma
groups. Univariate Cox proportional hazards model
analyses for overall survival and progression-free
survival were performed. A P value of o0.05 was
considered statistically significant.
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Results

Clinical Findings

We identified 88 patients with CD5+ follicular
lymphoma. This group was extracted from a total
of 3286 (2.7%) patients with follicular lymphoma
seen at our institution during a 14.5-year study
period. There were 53 men and 35 women with a
median age of 60 years (range, 31–86 years) at time of
diagnosis. The most common presenting symptom
was lymphadenopathy, reported by 68 (82%)
patients. Five patients were found incidentally to
have lymphadenopathy during a work-up for other
diseases. In addition to lymphadenopathy, 4 patients
had gastrointestinal tract symptoms, 3 had pleural
effusions, 3 had leukocytosis, 3 had a scalp lesion,
and 1 patient each had an orbital mass, lacrimal
gland mass, parotid nodule, submandibular gland
mass, tongue mass, breast mass, lung mass, periur-
eteral nodule, or chest-wall mass.

At the time of presentation at our institution, 10
(12%) patients had B-symptoms. Eighty-one (98%)
patients had lymphadenopathy, including 56 (68%)
with involvement of multiple lymph nodes, 5 (6%)
with single lymph node involvement, and 20 (24%)
with involvement of lymph node and extranodal
tissue sites. Seven (8%) patients had splenomegaly.
Bone marrow was involved in 46 of 78 (59%) cases
assessed. Peripheral blood was involved in 12 of 29
(41%) cases assessed by flow cytometry. Staging
information was available in 84 patients, including 2
(2%) patients with stage I, 12 (14%) with stage II, 18
(22%) with stage III, and 52 (62%) with stage IV
disease. The International Prognostic Index (IPI) was
available in 80 cases: 2 patients had an IPI of 0, 9 an
IPI of 1, 34 an IPI of 2, 29 an IPI of 3, and 6 patients
had an IPI of 4. The Follicular Lymphoma IPI (FLIPI)
was also available in 80 cases. The FLIPI scores were
0 in 4 patients; 1 in 21 patients; 2 in 31 patients; 3 in
17 patients, and 4 in 7 patients.

Laboratory data were available for 80 patients. Ten
(13%) patients had leukopenia and 6 (8%) had
leukocytosis (median leukocyte count, 5.35 k/μl;
range, 0.7–12.7 k/μl; reference range, 4–11 k/μl).
Twenty-five (31%) patients had absolute lymphope-
nia and one patient had absolute lymphocytosis
(median absolute lymphocyte count, 1.77 k/μl;
range, 0.6–46.7 k/μl; reference range, 1.0–4.8 k/μl).
Thirty-nine (49%) patients had anemia (median
hemoglobin, 12.9 g/dl; range, 8.7–15.9 g/dl; reference
range, 14–18 g/dl for men and 12–16 g/dl for
women). Twenty (25%) patients had thrombocyto-
penia (median platelet count, 219 k/μl; range, 17–
442 k/μl; reference range, 140–440 k/μl). Fifteen of
78 (19%) patients had an elevated serum lactate
dehydrogenase (LDH) level (median, 566 IU/l; range,
341–1739 IU/l; reference range, 313–618 IU/l), and
49 of 75 (65%) patients had an elevated level of
serum β2-microglobulin level (median, 2.7 mg/l;
range, 0.9–7.1mg/l; reference range, 0.7–1.8mg/l).

The clinical and laboratory findings are summarized
in Table 1.

Morphologic Findings

Follicular lymphoma was initially diagnosed in
lymph nodes in 66 (75%) patients and in extranodal
biopsy sites in 22 (25%) patients. The extranodal
sites included gastrointestinal tract (n=4), salivary
gland (n=4), pleural fluid (n=3), scalp (n=3), orbit
(n=2), and 1 case each in lung, breast, tongue,
lacrimal gland, chest-wall or periureteral soft tissue.
Morphologically, the architecture of the lymph
nodes was totally or partially replaced by lymphoma.
Most cases (n=61) showed a predominantly follicu-
lar pattern with closely packed follicles, 10 cases
showed a mixed follicular and diffuse pattern, and 1
case was an axillary lymph node core needle biopsy
specimen that showed a diffuse pattern with no
follicular areas identified. Sixteen cases showed
composite follicular lymphoma and another lym-
phoma including diffuse large B-cell lymphoma
(n=13), classical Hodgkin lymphoma (n=2), and
chronic lymphocytic leukemia/small lymphocytic
lymphoma (n=1). Within the follicles, a mixed

Table 1 Clinical and laboratory features of CD5+ follicular
lymphoma

Features Presence Total Presence %

Age 460 years 42 88 48
Male 53 88 60
Female 35 88 40
B-symptoms 10 83 12
Lymphadenopathy 81 83 98
Splenomegaly 7 83 8
Nodal presentation 66 88 75
Extranodal presentation 22 88 25
BM involvement 46 78 59

Stage
I 2 84 2
II 12 84 14
III 18 84 21
IV 52 84 62

IPI
0–2 45 80 56
3–4 35 80 44

FLIPI
0–2 56 80 70
3–4 24 80 30

WBC o4 k/μl 10 80 13
WBC 411 k/μl 6 80 8
ALC o1000/μl 25 80 31
Hb o12 g/dl 39 80 49
Platelet o140 k/μl 20 80 25
Elevated LDH 15 78 19
Elevated β2M 49 75 65

Abbreviations: BM, bone marrow; IPI, International Prognostic Index;
FLIPI, follicular lymphoma IPI; WBC, white blood cell count; ALC,
absolute lymphocyte count; Hb, hemoglobin; LDH, lactate dehydro-
genase; β2M, β2-microglobulin.
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population of small-to-medium sized cells with
cleaved nuclear contours and scant cytoplasm
(centrocytes) and large cells with vesicular chroma-
tin, one to multiple peripheral nucleoli and a narrow
rim of cytoplasm (centroblasts) were present. The
cellular composition in the areas with a diffuse
pattern was similar to that in the follicular areas,
except that large cells were relatively less numerous
in diffuse areas. Interfollicular monocytoid cells
were noted in 3 cases. Focal extension into adjacent
adipose tissue was present in some cases. There was
no significant difference in the distribution of grades
between CD5+ vs CD5− cases. In the CD5+ group, 61
cases were grade 1 or 2 and 27 cases were grade 3,
including 15 grade 3A and 12 grade 3B. In the CD5−
group, 75 cases were grade 1or 2 and 24 cases were
grade 3, including 14 grade 3A and 10 grade 3B
(P=0.330). One case of CD5+ follicular lymphoma,
grade 3B associated with diffuse large B-cell

lymphoma is shown in Figure 1. A case of CD5+
follicular lymphoma involving bone marrow is
shown in Figure 2.

Twenty patients had both CD5+ follicular lym-
phoma and diffuse large B-cell lymphoma detected
concurrently, either in the same (n=14) or different
(n=6) biopsy specimens, and 10 patients had grade 3
follicular lymphoma (7 cases of grade 3A and 3 cases
of grade 3B). In another 13 patients, diffuse large
B-cell lymphoma developed after the diagnosis of
CD5+ follicular lymphoma, with a median interval
of 27 months (range, 3–104 months) between the
detection of CD5+ follicular lymphoma and the
development of diffuse large B-cell lymphoma. Five
patients had a diagnosis of diffuse large B-cell
lymphoma before the detection of CD5+ follicular
lymphoma (median interval, 42 months; range,
29–58 months). In contrast, only 17 of 99 patients

Figure 1 Morphologic features of a case of CD5+ follicular lymphoma involving a cervical lymph node. The lymphoma consists of grade
3B (80–90%, a,b) and diffuse large B-cell lymphoma (10–20%, c,d). Immunostains show that the lymphoma cells are positive for CD20 (e),
weakly positive for CD5 (f), and are negative for CD3 (g). An antibody for Ki-67 (MIB-1) shows that ~ 10–60% of the cells are positive (h).
((a–d) hematoxylin-eosin staining; (a,c) 100X; (b,d) 400X; (e–h) immunohistochemistry with hematoxylin counterstain; e,h 200X;
f,g 400X).
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in the CD5− follicular lymphoma comparison group
developed diffuse large B-cell lymphoma (Po0.001).

Immunophenotypic Findings

Flow cytometry immunophenotypic analysis was
performed on 84 cases. In all cases assessed, the
lymphoma cells were positive for CD19 (n=83),
CD20 (n=82), CD22 (n=42), CD38 (n=47), and
CD79b (n=16), Eighty of 81 (99%) cases assessed
expressed CD5, with varying intensity ranging from
dim partial (n=53) to moderate (n=26) to bright
(n=1; Figure 3). CD10 was positive in 57 of 84 (68%)
cases, ranging from dim positive (n=16) to
moderately-brightly positive (n=41). Other markers
expressed in subsets of patients included FMC-7
(47/64, 73%), CD23 (44/72, 61%), CD200 (8/20,
40%), CD43 (10/27, 37%), CD11c (6/26, 23%), and
CD30 (2/11, 18%). Eighty of 83 (96%) cases
expressed monotypic surface immunoglobulin light
chain (50 kappa, 30 lambda); 3 cases showed

aberrant loss of light chain expression. All cases
were negative for surface CD3.

Immunohistochemical analysis was performed on
83 cases. All cases assessed were positive for CD20
(n=68), BCL-6 (n=59), and PAX-5 (n=43), and were
negative for CD3 (n=59) and cyclin D1 (n=39). CD5
was positive in 19/52 (37%) cases (including the one
case negative by flow cytometry). BCL2 (60/61,
98%), CD10 (39/54, 72%), CD30 (3/5, 60%), MUM1
(3/5, 60%), CD43 (4/12, 33%), and CD23 (3/11, 27%)
were positive in subsets of cases. Additional immu-
nostains for CD21 (n=30) and CD23 (n=10) revealed
follicular dendritic meshworks within follicular
areas. Interestingly, in 4 cases CD5 was expressed
by centroblasts but not by the centrocytes. The
proliferation index, as demonstrated by Ki-67
expression, was assessed on 60 cases. The median
Ki-67 index was 30% (range, 5–75%). Ki-67 data,
sub-divided into 10% increments, were as follows:
1–10% (n=9), 11–20% (n=13), 21–30% (n=9),
31–40% (n=7), 41–50% (n=11), 51–60% (n=6),
61–70% (n=4), and 71–80% (n=1).

Figure 1 Continued.
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Overall, CD5 expression was detected by flow
cytometry alone in 69 cases, by immunohisto-
chemistry alone in 8 cases, and by both methods in
11 cases. CD5 was detected at time of initial
diagnosis of follicular lymphoma in 60/65 (92%)

patients. In 6 patients, the initial follicular lym-
phoma was CD5−, but recurrent samples showed
CD5 expression. In 22 cases of CD5+ follicular
lymphoma, CD5 status in the initial biopsy specimen
is unknown.

Figure 2 A case of CD5+ follicular lymphoma involving the bone marrow. The lymphoma cells form atypical lymphoid aggregate (a) and
show irregular nuclear contours and scant cytoplasm (b). Immunostains show that the lymphoma cells are positive for CD20 (c), CD5 (d)
and BCL-6 (e), and are negative for CD3 (f). ((a,b) hematoxylin-eosin; (a) 100X; (b) 400x; (c–f) immunohistochemistry with hematoxylin
counterstain, 100X).
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CD5 Expression in Sequential Biopsy Specimens

In 31 patients CD5 expression was assessed in more
than one biopsy specimen over time. In 21 (68%)
patients CD5 expression did not change. In 6 (19%)
patients CD5 expression was negative in the initial
biopsy specimen and was acquired subsequently. In
2 of these patients acquisition of CD5 was accom-
panied by a change in histology from low-grade to
grade 3 and in the other 4 cases there was no change
in the grade. In the remaining 4 (13%) patients, CD5
was expressed in the first biopsy specimen but was
not expressed in the subsequent biopsy specimens.
In 2 of these cases, loss of CD5 was accompanied by a
change from grade 3 to low-grade and in the other 2
cases there was no change in grade.

Cytogenetic and Molecular Findings

Conventional cytogenetic analysis was performed on
28 patients. Six cases showed the presence of
t(14;18)(q32;q21) in addition to other abnormalities,
1 case showed t(18;22)(q21;q11.2) in addition to
other abnormalities, 3 cases showed complex kar-
yotypes but without t(14;18)(q32;q21) or other 18q21
abnormalities, 2 cases showed –Y as the sole
abnormality, and 16 cases had a diploid karyotype.
Among the 12 cases with an abnormal karyotype,
common cytogenetic aberrations included gains (or
partial gains) of chromosomes X (n=3), 1 (n=4), 3

(n=3), 5 (n=4), 7 (n=3), 10 (n=3), and 18q (n=4),
and losses (or partial losses) of chromosomes Y
(n=4), 6q (n=3), and 13 (n=4). Rearrangements of
3q27 occurred in 2 cases (Supplementary Table 1).

Fluorescence in situ hybridization analysis using
an IGH/BCL2 translocation probe was performed on
27 cases and showed the presence of the IGH-BCL2
gene rearrangement in 12 cases; 1 case had IGL-
BCL2. In 10 cases fluorescence in situ hybridization
analysis for IGH/CCND1 was negative. Qualitative
real-time PCR was performed on 25 cases; 14 cases
showed IGH-BCL2 fusion, all involving the major
breakpoint region. Overall, the presence of t(14;18)
(q32;q21)/IGH-BCL2 or t(18;22)(q21;q11.2)/IGL-BCL2
was detected in 28 of 44 (64%) cases assessed.

Clinical Outcome

Treatment information was available for 81 patients.
Forty-five patients received rituximab-cyclophos-
phamide, doxorubicin, vincristine, and prednisone
(R-CHOP), 26 had other rituximab-based chemother-
apy regimens, and 6 received rituximab as a single
agent. One of each of the remaining 3 patients
received pentostatin, cyclophosphamide, and ordox-
orubicin and ifosfamide. One patient received no
chemotherapy and was observed. Twelve patients
also underwent stem-cell transplantation.With amedian
follow-up of 55 months (range, 0.5–207 months), 15
patients died; most died of the disease (n=12)
whereas others died of therapy-related acute myeloid
leukemia (n=1), viral encephalitis (n=1), or
unknown cause (n=1). Forty-six patients were alive
with disease and 20 patients were in clinical remis-
sion at last follow-up. Clinical outcome was not
available for 6 patients.

Compared with a group of 99 patients with CD5−
follicular lymphoma, patients with CD5+ follicular
lymphoma had significantly shorter median progres-
sion-free survival (44 months vs 89 months,
P=0.0042) and 5-year progression-free survival
(38% vs 63.2%, P=0.0042). The median overall
survival and 5-year overall survival were also shorter
in patients with CD5+ follicular lymphoma, but
without statistical significance (154 months vs
222 months, P=0.0793; 78.4% vs 89.8%,
P=0.0793; Figure 4a). We further sub-divided
patients with CD5+ follicular lymphoma into two
groups: CD5+ follicular lymphoma with or without
diffuse large B-cell lymphoma. There was no
statistically significant difference in median overall
survival or median progression-free survival
between patients who developed diffuse large B-cell
lymphoma vs patients who did not develop diffuse
large B-cell lymphoma (median overall survival,
156 months in patients with diffuse large B-cell
lymphoma and 154 months in patients without
diffuse large B-cell lymphoma, P=0.4761; median
progression-free survival, 31 months in patients with
diffuse large B-cell lymphoma and 45 months in
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Figure 3 Flow cytometry immunphenotyping of a case of CD5+
follicular lymphoma. Both the CD5+CD19+, and CD10(dim+)CD19
+ lymphoma cells show monotypic immunoglobulin kappa light
chain restriction.
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patients without diffuse large B-cell lymphoma,
P=0.2624; Figure 4b).

Patients with CD5+ follicular lymphoma without
diffuse large B-cell lymphoma had shorter pro-
gression-free survival (P=0.0113) but not overall
survival (P=0.2396) than patients with CD5− follic-
ular lymphoma without diffuse large B-cell lym-
phoma. There was no significant difference in
progression-free survival (P=0.2802) or overall sur-
vival (P=0.7641) between patients who had CD5+
follicular lymphoma with diffuse large B-cell
lymphoma vs patients who had CD5− follicular
lymphoma with diffuse large B-cell lymphoma. In
contrast, among patients with CD5− follicular lym-
phoma, those who had developed diffuse large B-cell
lymphoma had a shorter progression-free survival
(P=0.0002), but not overall survival (P=2561), than
patients without diffuse large B-cell lymphoma.
Moreover, when comparing patients with CD5+
follicular lymphoma without diffuse large B-cell
lymphoma vs patients with CD5− follicular lym-
phoma with diffuse large B-cell lymphoma, we did
not observe any significant differences in
progression-free survival (P=0.7778) or overall sur-
vival (P=0.4653).

Prognostic Factors

We performed univariate analysis to evaluate the
association between 19 clinicopathologic features
and prognosis (Table 2). The results showed that a
Ki-67 proliferation index of ≥ 60% and IPI42 were

associated with poorer overall survival in both CD5+
and CD5− patients (Po0.05). In the CD5+ group,
significantly more patients presented with an IPI42
(35/80) compared with patients in the CD5− group
(10/99, Po0.001). No significant difference in the
number of tumors with Ki-67≥ 60% was observed in
the two groups (5/60 in CD5+ group vs 5/83 in CD5−
group, P=0.752).

Discussion

The CD5 antigen is a 67-kDa membrane glycoprotein
that is normally found on most mature T-cells and a
subset of B-cells in cord blood, adult peripheral
blood, and lymph nodes.14 In mice, CD5 functions as
a negative regulator of cell signaling.15,16 In humans,
CD5 induces an anergic state in lymphocytes and
contributes to B-cell survival and interleukin-10
production, and CD5 expression on B-cells may
serve as a marker of antigen exposure.15,16

Assessment of CD5 expression by flow cytometry
or immunohistochemistry has been widely used in
the clinical work-up of B-cell lymphomas. CD5
expression is usually seen in chronic lymphocytic
leukemia/small lymphocytic lymphoma or mantle
cell lymphoma.17,18 However, expression of CD5 also
has been detected occasionally in other B-cell
lymphomas including extranodal marginal zone
lymphoma of mucosa-associated lymphoid tissue,
nodal marginal zone lymphoma, splenic marginal
zone lymphoma, lymphoplasmacytic lymphoma,
follicular lymphoma, and diffuse large B-cell

Figure 4 Overall survival and progression-free survival of patients with follicular lymphoma (a) Comparison between patients with CD5+
follicular lymphoma and CD5− counterpart. (b) Comparison between patients with CD5+ follicular lymphoma with and without diffuse
large B-cell lymphoma.
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lymphoma.9,19–23 In follicular lymphoma, CD5
expression has been associated with younger age,
male predominance and grade 3 morphology.4,6,8
More recently, Miyoshi et al10 in Japan reported a
series of 22 cases of CD5+ follicular lymphoma and
found that patients with CD5+ follicular lymphoma
showed a higher frequency of peripheral blood
involvement, CD25 and MUM1 expression, and a
lower frequency of t(14;18)(q32;q21; Table 3). In this
study, we describe the clinicopathologic, immuno-
phenotypic, and molecular genetic features of 88
cases of CD5+ follicular lymphoma from the United

States, the largest series to date. As these cases
represent 2.7% of all follicular lymphomas seen in
our institution within the study period, we confirm
that CD5 expression in follicular lymphoma is rare,
but likely is a marker of a distinctive entity that
needs to be considered in the differential diagnoses
of CD5+ B-cell lymphomas.

Unlike CD5− follicular lymphoma, patients with
CD5+ follicular lymphoma have several distinct
clinicopathologic features. Men are affected more
often than women with a male-to-female ratio of 1.5
to 1 (this ratio is closer to 1:1 in CD5− follicular

Table 2 Univariate analysis of clinical and pathologic features to predict overall and progression-free survival

Overall survival Progression-free survival

P HR 95% CI of HR P HR 95% CI of HR

Age (460 vs ≤60) 0.076 2.474 0.889–6.889 0.194 1.903 0.721–5.025
Gender 0.398 0.646 0.235–1.779 0.337 0.612 0.225–1.668
B-symptoms 0.811 1.67 0.328–4.160 0.65 1.335 0.383–4.657
Lymphadenopathy 0.634 0.696 0.156–3.101 0.905 1.094 0.249–4.805
Splenomegaly 0.45 1.645 0.452–5.987 0.075 3.175 0.888–11.345
Nodal vs extranodal 0.886 0.926 0.325–2.640 0.974 0.982 0.343–2.816
BM involvement 0.254 1.938 0.622–6.039 0.159 2.268 0.726–7.091
Stage III/IV vs stage I/II 0.472 1.723 0.390–7.606 0.525 1.617 0.367–7.130
IPI (42 vs ≤2) 0.034 3.175 1.089–9.252 0.062 2.588 0.954–7.022
FLIPI (42 vs ≤ 2) 0.304 1.368 0.753–2.487 0.382 1.291 0.728–2.290
WBC (o4 k/μl vs 4–11 vs 411 k/μl) 0.056 3.154 0.957–10.400 0.241 1.944 0.640–5.908
ALC (o1000 vs ≥1000/μl) 0.615 0.77 0.278–2.131 0.938 0.961 0.355–2.606
Hb (o12 vs ≥12 g/dl) 0.261 2.066 0.583–7.328 0.028 4.347 1.176–16.069
Platelet (o140 vs ≥ 140 k/μl) 0.145 2.131 0.770–5.901 0.125 2.195 0.803–5.996
LDH (high vs normal) 0.177 2.013 0.729–5.561 0.222 1.869 0.684–5.106
β2M (high vs normal) 0.676 0.784 0.249–2.464 0.917 0.941 0.299–2.960
Grade (III vs I/II) 0.42 1.505 0.557–4.065 0.479 1.435 0.529–3.893
Ki-67 (≥60% vs o60%) 0.027 3.719 1.158–11.944 0.061 2.995 0.951–9.428
Large B-cell lymphoma 0.234 1.836 0.675–4.992 0.202 1.917 0.705–5.212

Abbreviations: HR, hazard ratio; CI, confidence interval; BM, bone marrow; IPI, international prognostic index; FLIPI, follicular lymphoma IPI;
WBC, white blood cell count; ALC, absolute lymphocyte count; Hb, hemoglobin; LDH, lactate dehydrogenase; β2M, β2-microglobulin.

Table 3 Summary of previously reported cases of CD5+ follicular lymphoma

Author/year
No. of
cases Gender Site Grade CD10− CD43+ BM t(14;18) Treatment Outcome (follow up)

Tiesigna/2000 4 3 M/1 F Nodal 1–2
Floral

1/4 NA 3/4 4 Chemo 3 alive (15–42m)
1 died (50m)

Barekman/2001 1 F Scalp 1 0/1 NA NA NA rxt Alive (5m)
Barry/2002 3 2 M/1 F Nodal 1,2,3A 0/3 0/3 2/3 2/3 None NA
Dong/2003 10 NA Nodala 1–2 (9)

3+LBCL (1)
0/10 0/10 NA NA Chemo (1) Persistent

disease (2y)
Sekiguchi/2011 1 M Nodal 3A 0/1 NA NA 0/1 Chemo CR (4m)
Mayson/2014 2 2 F Nodal 1 0/2 NA 2/2 1/1 Chemo 1 CR (NA)

1 persistent
disease (NA)

Miyoshi/2014 22 12 M/10 F Nodal (12)
Extranodal (4)
Unknown (6)

1–2 (11)
3 (11)

4/22 NA 4/16 9/20 Chemo+/− rxt (16)
None (1)

CR (13/16)
32m (1.5–114m)

Current 88 53 M/35 F Nodal (66)
Extranodal (22)

1–2 (61)
3 (27)

LBCL (38)b

27/84 10/27 46/78 28/44 Chemo (81/81)
12 (add sct)

20 CR, 46 persistent
disease; 15 died
55m (0.5–207m)

Abbreviations: M, male; F, female; NA, not available; LBCL, large B-cell lymphoma; BM, bone marrow; chemo, chemotherapy; rxt, radiation
therapy; add sct, additional stem-cell transplant; CR, clinical remission.
aAll 10 cases involved lymph nodes, 2 cases also involved skin.
bLarge B-cell lymphoma developed prior to, at the same time, or after follicular lymphoma.
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lymphoma). CD5+ follicular lymphoma tends to
occur more frequently at extranodal sites (25%),
with a predilection for the head and neck region and
the gastrointestinal tract. In this study group, over
90% of patients had more than one involved site and
84% of patients presented with stage III or IV
disease, higher than the reported frequency of 67%
for patients with CD5− follicular lymphoma.24
Others have reported that 80–90% of follicular
lymphomas are grade 1 or 2 lesions.1 However,
31% of cases in our series were grade 3. Lastly, it has
been reported that 25–35% of patients with follicular
lymphoma may undergo histologic transformation to
diffuse large B-cell lymphoma and transformation is
usually associated with a rapidly progressive clinical
course, refractoriness to therapy and death.1,25 In our
series, a much higher percentage of patients (43%)
developed diffuse large B-cell lymphoma, whereas
only 17% patients from the CD5− follicular lym-
phoma group developed diffuse large B-cell lym-
phoma (Po0.001). Finally, when compared with a
group of patients with CD5− follicular lymphoma
matched for age, gender, and stage, we found
that patients with CD5+ follicular lymphoma
had a significantly shorter median progression-free
survival.

The clinical course of follicular lymphoma is
highly variable. Important adverse prognostic indi-
cators include older age at diagnosis, advanced stage,
and high proliferation rate (as demonstrated by
assessing Ki-67), histologic transformation, high
serum levels of LDH and β2-microglobulin, complex
molecular genetic aberrations, and high IPI.26 Some
reports have suggested that CD5+ follicular lym-
phoma may be prone to undergo transformation and
thus associated with a poorer prognosis.27 Miyoshi
et al10 recently also reported that CD5 expression
was an independent poor prognosis factor in patients
with follicular lymphoma. The results we report
show that patients with CD5+ follicular lymphoma
have significant shorter median progression-free
survival and 5-year progression-free survival than
patients with CD5− follicular lymphoma. The median
overall survival and 5-year overall survival were also
shorter for patients with CD5+ follicular lymphoma,
although not statistically significant, possibly related
to the sample size of this study. Surprisingly, among
patients with CD5+ follicular lymphoma, we did not
observe any statistical significance in overall survi-
val or progression-free survival. We do not have an
explanation for this finding; however, one possibility
may be that the poor prognostic effect of large cell
transformation on survival is mitigated by the
adverse prognostic impact of CD5 expression. The
observation that no significant difference exists in
progression-free survival and overall survival
between patients with CD5+ follicular lymphoma
without diffuse large B-cell lymphoma vs CD5−
follicular lymphoma with diffuse large B-cell lym-
phoma further supports this possibility.

The data presented here suggest that CD5+
follicular lymphoma has several different immuno-
phenotypic features compared with its CD5− coun-
terpart. Flow cytometry immunophenotyping showed
that about one third of CD5+ follicular lymphoma
cases assessed were positive for CD43 or CD200
(~40%) or were negative for CD10. CD43 expression
is unusual in follicular lymphoma, but has not been
previously associated with CD5 expression. No data
has been reported regarding CD200 expression in
CD5+ follicular lymphoma. Others have reported
that follicular lymphoma can be CD10-negative,
more common in grade 3B cases.28,29 Our results
differ somewhat in that 11 of 27 (41%) cases that
lacked CD10 were low grade. Lack of CD10 expres-
sion in follicular lymphoma also has been associated
with absence of IGH/BCL2 translocation.29 Among
19 cases that lacked CD10 expression in this study,
we detected IGH/BCL2 gene rearrangement in 8
(42%) cases, a rate that was higher than the 5%
reported by Karube et al,29 but was lower than
the 85–90% reported in the CD5− follicular
lymphoma.

The genetic hallmark of follicular lymphoma,
t(14;18)(q32;q21)/IGH-BCL2, is present in 80–90%
of follicular lymphoma, depending on the method used
to detect this abnormality, with fluorescence in situ
hybridization being the most sensitive method.2
Geographic variation between Western and Asian
populations also has been reported.30 Moreover,
BCL2 rearrangements are much less frequent in
grade 3B follicular lymphoma.31 Using conventional
cytogenetic analysis, fluorescence in situ hybridiza-
tion and polymerase chain reaction-based assays, we
detected t(14;18)(q32;q21)/IGH-BCL2 in 28/44 (64%)
of CD5+ follicular lymphoma, which may reflect the
presence of a higher frequency of grade 3 lesions and
diffuse large B-cell lymphoma in our series.

In addition to the t(14;18)(q32;q21)/IGH-BCL2,
other genetic aberrations have been reported in
~90% of follicular lymphomas and most commonly
include losses of chromosomes 1p, 6q, 10q, and 17p,
and gains of chromosomes 1, 6p, 7, 8, 12q, X, and
18q.32–34 Abnormalities of 3q27 and/or BCL-6 rear-
rangement are found in 5–15% of follicular lym-
phoma.35 The number of additional cytogenetic
abnormalities increases with increasing histologic
grade or histologic transformation to diffuse large
B-cell lymphoma.36 Bouska et al37 recently com-
pared 198 cases of follicular lymphoma and 79 cases
of transformed follicular lymphoma using a single-
nucleotide polymorphism array to identify secondary
chromosomal abnormalities that drive the develop-
ment of follicular lymphoma and its transformation
to diffuse large B-cell lymphoma. The authors found
that common recurrent chromosomal abnormalities
in follicular lymphoma included gains of 2p, 5, 6p, 7,
8, 12q, 17q, 18, 21, and X, and losses of 1p, 6q, 10q,
and 17p.37 In addition, Bouska et al37 found that
gains of 3q27.3-q28 and chromosome 11 and losses
of 9p21.3 and 15q were more frequent in transformed
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follicular lymphoma. In keeping with these findings,
among 12 cases of CD5+ follicular lymphoma with
an abnormal karyotype, we found common cytoge-
netic aberrations including gains of chromosomes X,
1, 3, 5, 7, 10, and 18q, and losses of chromosomes Y,
6q, and 13. Rearrangements of 3q27 were observed in
2 cases. Furthermore, the presence of more than 6
chromosomal aberrations and a complex karyotype
has been correlated with a poor clinical outcome,
and 1p− , del6q23-26, +12, 17p− , +18p, and +Xp
have been associated with poor prognosis.33,36,37
Most of our CD5+ follicular lymphoma cases had
very complex karyotypes, which may account for the
higher rate of diffuse large B-cell transformation and
poor clinical outcome.

The expression of CD5 in follicular lymphoma
raises a differential diagnosis with other CD5+ B-cell
lymphomas, in particularly chronic lymphocytic
leukemia/small lymphocytic lymphoma, mantle cell
lymphoma, and less commonly CD5+ marginal zone
lymphoma and CD5+ lymphoplasmacytic lym-
phoma. Despite some atypical immunophenotypic
features, all cases in this series demonstrated classic
histologic features of follicular lymphoma, with all
but one case showing a follicular (at least partial)
pattern and all cases were composed of centrocytes
and centroblasts. The case with a diffuse pattern was
a small needle biopsy specimen; the lymphoma cells
showed a typical follicular lymphoma immunophe-
notype (CD10 dim positive, CD19+, CD20+, BCL2−,
BCL-6+). In all cases, a final diagnosis was rendered
based on a combination of histological, immunophe-
notypic, and cytogenetic findings. None of the cases
showed prominent proliferation centers or the
characteristic immunophenotype of chronic lympho-
cytic leukemia/small lymphocytic lymphoma by
flow cytometry (ie, dim CD20 and dim immunoglob-
ulin light chain expression) except the case of
composite CD5+ follicular lymphoma and chronic
lymphocytic leukemia/small lymphocytic lym-
phoma which had a follicular lymphoma clone and
a chronic lymphocytic leukemia/small lymphocytic
lymphoma clone. All cases assessed were negative
for cyclin D1 and/or IGH/CCND1 fusion, excluding
the diagnosis of mantle cell lymphoma. None of
these patients assessed had a serum IgM paraprotein
characteristic of lymphoplasmacytic lymphoma/
Waldenstrom macroglobulinemia. t(14;18)(q32;q21)/
IGH-BCL2 or other BCL2 translocation was present
in 28 cases and over 90% of cases assessed had
other cytogenetic aberrations that are often seen in
follicular lymphoma, additional evidence supporting
the diagnosis of follicular lymphoma.

In summary, the results of this study show that
CD5+ follicular lymphoma is uncommon (o3%)
and is often associated with involvement by multiple
sites, presentation at a more advanced stage, lower
frequency of IGH/BCL2 gene rearrangement, higher
IPI, a higher rate of transformation to diffuse large
B-cell lymphoma, and a shorter progression-free
survival.
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