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Abstract Follicular lymphoma in situ is a rare, recently de-
scribed entity. It is defined by the accumulation of t(14;18)+,
BCL2 strongly positive clonal B cells restricted to germinal
centers in morphologically normal lymph nodes, without al-
teration of follicle morphology, size or distribution, or
perifollicular spread. The presence of a follicular lymphoma
in situ has three main clinical ramifications, including the
potential coexistence of a simultaneous disseminated follicu-
lar lymphoma, risk of subsequent overt follicular lymphoma,

and association with a second subtype of lymphoma. We
report cases of follicular lymphoma in situ in conjunction with
lymphoplasmacytic lymphoma (two cases) and mantle cell
lymphoma (one case). Each case was evaluated, and diagno-
ses confirmed using a combination of histologic, immunohis-
tochemical, fluorescence in situ hybridization (FISH), and
molecular techniques. One case of lymphoplasmacytic lym-
phoma was proven positive for myeloid differentiation prima-
ry response 88 gene (MYD88) mutation. Our series expands
the current literature of this rare phenomenon. We discuss
possible etiologies and clinical impact of follicular lymphoma
in situ.
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Introduction

Follicular lymphoma in situ (FLIS) is a relatively recently
described clinicopathologic entity[1].[1, 2] It is defined by
the accumulation of t(14;18)+, BCL2 strongly positive clonal
B cells restricted to germinal centers in morphologically nor-
mal lymph nodes, without alteration of follicle morphology,
size, or distribution and without perifollicular spread. By
definition, FLIS usually is detected by immunostaining only,
and cases which are suspicious bymorphology often represent
follicular lymphoma (FL) with partial nodal involvement.

The presence of a FLIS has three main clinical ramifica-
tions, including the potential coexistence of a simultaneous
disseminated FL, risk of subsequent overt FL, and association
with a second subtype of lymphoma. Large series of FLIS
have reported the incidence of a simultaneous disseminated
FL in 18–23 % of cases and the development of subsequent
overt FL in 3–12 % of cases, with a time to progression
ranging from 3 to 72 months [3, 4, 11]. It has been shown
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that in 85–100 % of cases, the cells of FLIS have the translo-
cation of the IGH/BCL2 genes [e.g., t(14;18)] [11]. However,
they likely lack the subsequent molecular or genetic “hits” to
develop into overt lymphoma. It has also been shown that a
significant percentage (66 %) of adults harbor very small
numbers (1 in 105) of circulating B cells with an IGH/BCL2
translocation [12, 14–18]. Growing data from comparative
genetic analyses increasingly suggest that the differences be-
tween subclinical, rare circulating cells with IGH/BCL2 trans-
location, FLIS, and systemic FL have to do with accumulating
additional molecular/genetic abnormalities which lead to dis-
ease progression [20, 26]. Follicular lymphoma in situ has
been shown to rarely recur and may occasionally involve
more than one site (Table 1).

Follicular lymphoma in situ is typically identified by path-
ologic examination of lymph nodes. These may be removed
incidentally for other procedures or have isolated lymphade-
nopathy. FLIS have the morphologic features of normal ger-
minal centers or reactive follicular hyperplasia. However, the
cells have the immunophenotypic and genotypic features of
follicular lymphoma. Most cases are identified by staining for
BCL2 protein in lymph nodes. In these cases, the abnormal B
cells within follicles stain strongly for BCL2 protein, in con-
trast to normal germinal center B cells which are negative for
BCL2 expression. In addition, the abnormal cells of FLIS
have characteristic strong staining for BCL2 protein, com-
pared to both mantle zone B cells and germinal center T cells,
both of which express BCL2 more weakly. Criteria have been
set forth which are useful to distinguish partial lymph node
involvement by systemic FL versus FLIS, with the latter
distinguished by normal lymph node architecture, normal-
sized follicles, intact mantle zones with a sharp demarcation
from the germinal center, and a pure population of centrocytes
which are confined to the germinal center [11, 21, 22]. How-
ever, for appropriate clinical management, any cases of

suspected FLIS should have clinical staging to exclude the
possibility of minimal or localized involvement by systemic
FL.

It has been reported previously that FLIS may found in
association with other lymphomas [3, 4, 11]. Cases of concur-
rent FLIS with chronic lymphocytic leukemia/small lympho-
cytic lymphoma (three cases) [3, 11, 28], lymphoplasmacytic
lymphoma (one case) [3, 11], nodal marginal zone lymphoma
(one case) [11], diffuse large B cell lymphoma (five cases) [4,
28], classical Hodgkin lymphoma (five cases) [4, 11, 28],
splenic marginal zone lymphoma (two cases) [4], mantle cell
lymphoma in situ (three cases) [8, 23, 28], overt mantle cell
lymphoma (one case) [23], mucosa-associated lymphoid tis-
sue (MALT) lymphoma (one case) [28], peripheral T cell
lymphoma (three cases) [24, 28], and mycosis fungoides
(one case) [28] have been reported.

We report a series of three cases of FLIS concurrent with a
second small B cell lymphoma, including two cases of
lymphoplasmacytic lymphoma and one case of mantle cell
lymphoma in the same lymph node.

Materials and methods

Cases were obtained from the consultation files of Clarient
Diagnostic Services/GE Healthcare (Aliso Viejo, CA). Be-
cause of the reference nature of our practice, only minimal
clinical information and follow-up was available for review.
Histology was reviewed (DPO, LMW, WW) and a panel of
immunohistochemical stains was performed using standard
methodologies. In each case, a diagnosis was rendered ac-
cording to the 2008 WHO Classification for Tumors of He-
matopoietic and Lymphoid Tissue. Evaluations were per-
formed in accord with institutional guidelines for human
research.

Immunohistochemistry

A panel of immunohistochemical stains was performed on all
candidate cases in which slides or blocks were available.
Depending on the material available, a combination of CD3,
CD20, PAX5, CD5, CD10, cyclin D1 (BCL1), BCL2, BCL6,
IGG, IGM, IGA, and Ki-67 immunohistochemical stains was
performed using standard methodologies.

Fluorescence in situ hybridization

Fluorescence in situ hybridization (FISH) was performed
using formalin-fixed, paraffin-embedded tissue sections using
a BCL2 dual-color, break-apart probe and an IGH/BCL2 dual-
color, dual-fusion probe in all cases and an IGH/BCL1
(CCND1) dual-color, dual-fusion probe (Abbott Molecular/
Vysis; Abbott Park, IL) in case 3. Germinal centers which

Table 1 Lymphomas associated with follicular lymphoma in situ

Lymphoma type No. of
cases

Reference

Chronic lymphocytic leukemia/small
lymphocytic lymphoma

3 [3, 11, 28]

Lymphoplasmacytic lymphoma 3 [3, 11], current series

Nodal marginal zone lymphoma 1 [11]

Diffuse large B cell lymphoma 5 [4, 28]

Classical Hodgkin lymphoma 5 [4, 11, 28]

Splenic marginal zone lymphoma 2 [4]

Mantle cell lymphoma in situ 3 [8, 23, 28]

Mantle cell lymphoma 2 [23], current series

MALT lymphoma 1 [28]

Peripheral T cell lymphoma 3 [24, 28]

Mycosis fungoides 1 [28]
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demonstrated strong BCL2 immunohistochemical staining
were identified as FLIS lesions for FISH, while the mantle
cell lymphoma lesion was identified for FISH by its strong
BCL1 immunohistochemical staining. Fifty interphase nuclei
were analyzed for each probe set, and the specimen was
considered positive if the number of observed signals was
greater than the normal cutoff value determined during vali-
dation using ACMG guidelines. The detection cutoff for both
dual-color, dual-fusion probes (IGH/BCL2 and IGH/BCL1)
was greater than 1 cell in at least 50 non-overlapping cells
observed, and the detection cutoff for the BCL2 dual-color
break-apart probe was greater than 4 cells in at least 50 non-
overlapping cells observed.

Molecular

In cases 1 and 2, PCR testing for the myeloid differentiation
primary response 88 gene (MYD88) mutation was performed.
DNAwas extracted and analyzed by PCR and a quantitative
pyrosequencing method for the presence of a mutation at
codon 265 of MYD88. The mutation detected in codon 265,
exon 5 (CTG to CCG) of MYD88 that would change the
encoded amino acid from leucine to proline (p. Leu265Pro).
Sequencing was performed using the MYD88 reference se-
quence NM_007562, and the lower limit of detection for the
assay was 5–10%mutation-bearing cells in the sample tested.

Results

Morphology

The lymph node from case 1 was enlarged (1.8×0.6×0.5 cm).
The capsule was thickened with significant capsular infiltra-
tion and focal extracapsular extension of lymphoid tissue
identified. Sinuses were patent with some focal sinus
histiocytosis. The normal nodal architecture was distorted.
The interfollicular areas were markedly expanded. They
consisted of a mixture of small lymphocytes, plasmacytoid
lymphocytes, and plasma cells (Fig. 1). Rare larger trans-
formed lymphocytes were seen. Very rare Dutcher bodies
were identified in plasma cells. There were some residual
germinal centers identified. Most of these had a typical ap-
pearance, with polarization, tingible body macrophages, and
varied cytology. Two small follicles lacked tingible body
macrophages and polarization and had a relatively monoto-
nous cytologic composition.

The lymph node from case 2 was also markedly enlarged
(2.0×1.7×0.8 cm). The capsule was thickened with signifi-
cant capsular infiltration, and extensive extracapsular exten-
sion of lymphoid tissue into perinodal adipose tissue was
identified. Many patent sinuses with sinus histiocytosis were

seen. The normal nodal architecture was maintained but
distorted. Interfollicular areas were replaced by a population
of small lymphocytes, plasmacytoid lymphocytes, and plasma
cells with rare, large transformed lymphocytes (Fig. 2). Rare
plasma cells with Dutcher bodies or Russell bodies were seen.
There were some residual germinal centers. Additionally,
large amounts of tattoo pigment (mostly black, rare green/
blue) were noted withinmacrophages, associatedwith areas of
paracortical hyperplasia and perivascular hyalinization
(Table 2).

The lymph node from case 3 was similarly markedly
enlarged (2.4×1.2×1.2 cm). The lymph node capsule was
thin with no significant capsular infiltration or extracapsular
extension of lymphoid tissue identified. Patent sinuses were
identified. The lymph node architecture was predominantly
nodular in pattern. Most of the nodules present were uniform
in cytologic composition. In the uniform nodules, the lym-
phocytes were predominantly small in size with slightly irreg-
ular nuclei, dense chromatin, and scant cytoplasm (Fig. 3).
Only rare germinal centers were identified at the periphery of
the lymph node. In the germinal centers, the lymphocytes
were more varied in appearance with some larger, transformed
lymphocytes with admixed smaller lymphocytes. A few small
foci of paracortical hyperplasia were noted.

Immunophenotype

Immunohistochemistry demonstrated interfollicular expan-
sion in cases 1 and 2 by CD20+, BCL2+, CD5−, CD10−
small B cells admixed with numerous IgM+, and kappa-
restricted plasma cells, consistent with lymphoplasmacytic
lymphoma. In case 3, the nodular expansion was demonstrat-
ed to consist of CD20+, CD5+, cyclin D1+, SOX11+, and
BCL2+ small B cells, consistent with mantle cell lymphoma
(Fig. 3). In all three cases, a small subset [2/25 (8 %) of
follicles in case 1; 9/38 (24 %) in case 2; 9/62
(15 %) in case 3] of the germinal centers showed partial
or complete strong positivity for BCL2 (Fig. 3); these
same cells had expression of CD10 and BCL6, with
intact follicular dendritic networks by CD23, consistent
with follicular lymphoma in situ. The FLIS cells were
negative for CD5, cyclin D1, and SOX11.

FISH

In case 1, the BCL2 break-apart probe was positive in the
lymphoma. However, deeper tissue sections did not appear to
contain the abnormal follicles, and no evidence of an IGH/
BCL2 translocation was identified. It is possible that there was
a BCL2/kappa or lambda light chain translocation, but these
probe sets were not available for testing. In case 2, FISH
signals were too weak for accurate analysis. This was likely
due to a technical artifact such as fixation or processing, and
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no result was obtained. Case 3 showed evidence of positive
results for BCL2 break-apart probe and IGH/BCL1 (CCND1).
The BCL2 and BCL1 breaks were present in different cells.
Deeper sections did not contain areas of the abnormal folli-
cles, and no abnormal signals suggesting translocation of
IGH/BCL2 were seen in remaining tissue.

Molecular

MYD88 mutat ion was ident i f ied by PCR in the
lymphoplasmacytic lymphoma in case 1. No MYD88 muta-
tion was identified in case 2. Of note, case 2 did demonstrate
bone marrow involvement.

Fig. 1 Case 1. a–d Images of
Waldenstrom
macroglobulinemia/
lymphoplasmacytic lymphoma
with follicular lymphoma in situ.
Intermediate magnification of
lymphoplasmacytic process
involving lymph node (a). High
magnification of interfollicular
infiltrate consisting of
lymphocytes, lymphoplasmacytic
cells, and plasma cells (b; inset,
Dutcher body).
Immunohistochemical staining
for BCL2 showing strong
abnormal staining in abnormal
follicle of follicular lymphoma in
situ in lower right (arrow)(c).
Immunohistochemical staining
for IgM (upper inset, kappa
immunohistochemical staining;
lower inset, lambda
immunohistochemical
staining)(d)

Fig. 2 Case 2. a–d Images of
Waldenstrom macroglobulinemia/
lymphoplasmacytic lymphoma
with follicular lymphoma in situ.
Low magnification of
lymphoplasmacytic process
involving lymph node, including
areas of paracortical hyperplasia
and normal and abnormal follicles
(a). High magnification of
interfollicular infiltrate consisting of
lymphocytes, lymphoplasmacytic
cells, and plasma cells (b; upper
inset, Dutcher body, H&E; low
inset; Dutcher body, PAS).
Immunohistochemical staining for
BCL2 showing strong abnormal
staining in abnormal follicle of
follicular lymphoma in situ in lower
right arrow; black staining is tattoo
pigment(c). Immunohistochemical
staining for IgM (upper inset, kappa
immunohistochemical staining;
lower inset, lambda
immunohistochemical staining)(d)
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Discussion

Our case series adds to the accumulation of data regarding
FLIS, a relatively recently defined entity, with an incidence of
2–2.6 % [3, 19]. It is defined as the presence within a lymph
node of a subset of aberrantly BCL2 protein-positive follicles
with the t(14;18) (q32;q21) IGH/BCL2 translocation charac-
teristic of follicular lymphoma. The lymphoma cells, however,
are confined within the follicles without disruption of normal
architecture and also otherwise demonstrate benign cytologic
features. Our understanding of the natural evolution of FLIS is

nascent. The majority of FLIS are not associated with any
other pathologic conditions [3, 4, 27]. When present, FLIS is
most frequently associatedwith synchronous ormetachronous
overt follicular lymphoma [3, 4, 10].

However, interestingly, FLIS has also been reported in
association with other B cell lymphoproliferative disorders.
These cases include chronic lymphocytic leukemia/small lym-
phocy t i c lymphoma ( th ree cases ) [3 , 11 , 28] ,
lymphoplasmacytic lymphoma (one case) [3, 11], nodal mar-
ginal zone lymphoma (one case) [11], diffuse large B cell
lymphoma (five cases) [4, 28], classical Hodgkin lymphoma
(five cases) [4, 11, 28], splenic marginal zone lymphoma (two
cases) [4], mantle cell lymphoma in situ (three cases) [8, 23,
28], overt mantle cell lymphoma (one case) [23], MALT
lymphoma (one case) [28], peripheral T cell lymphoma (three
case) [24, 28], and mycosis fungoides (one case) [28]. Our
case series adds to the growing repertoire of cases in which
FLIS is found in association with a second, overt, and different
B cell lymphoproliferative disorder. Interestingly, some stud-
ies have suggested that the amount of infiltration of the lymph
node by FLIS appears to directly correlate with the probability
of both overt follicular lymphoma as well as other lymphoma
subtypes, raising speculations that FLIS may be a marker for

Table 2 Summary of results of cases with concurrent follicular lympho-
ma in situ

Result Case 1 Case 2 Case 3

Diagnosis LPL LPL Mantle cell lymphoma

BCL2 break-apart FISH + NR +

IGH/BCL2 FISH in FLIS NR NR –

IGH/BCL1 FISH ND ND +

MYD88 by PCR + – ND

LPL lymphoplasmacytic lymphoma, NR no result, ND not performed

Fig. 3 Case 3. a–e Mantle cell
lymphoma with follicular
lymphoma in situ. Low
magnification H&E image of
lymphoma with a nodular and
diffuse pattern; small follicles are
seen (a). High magnification of
follicle with CD5 staining in
mantle zone (b) and expression of
cyclin D1 (c) and SOX11 (d),
confirming the diagnosis of
mantle cell lymphoma. Image of
BCL2 immunohistochemical
stain showing strong abnormal
staining in follicular lymphoma in
situ, moderate positivity in mantle
cell lymphoma, and no staining in
small residual follicle (lower
right)(e)
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increased tendency to develop lymphoid malignancies due to
underlying molecular abnormalities [3, 4], though these con-
clusions have been challenged by results from other studies
showing that the extent of involvement by FLIS was not
associated with an increased likelihood of overt lymphoma
[28]. Alternatively, it is also possible that FLIS appears fre-
quently along with another lymphoma simply because it is a
relatively common incidental finding.

Our case series also raises the issue of the clonal relation-
ship in low-grade composite B cell lymphomas. Composite
lymphomas are defined as the presence of two or more mor-
phologically and immunophenotypically distinct lymphomas
in the same tissue or organ. An area of interest and active
debate surrounds the clonal relationship in composite
lymphomas.

Some data in the literature appear to suggest that when two
or more distinct lymphomas are present in the same tissue,
they may be clonally related. For example, Tsang et al. mi-
crodissected a composite follicular and mantle cell lymphoma
and demonstrated a dominant rearranged IgH band identical in
size via PCR, which on subsequent cloning and sequence
analysis revealed a common clone-specific IGH gene rear-
rangement, suggesting evolution from a common clone [7].
Wang et al. microdissected two cases of composite grade 1 FL
with accompanying in situ mantle cell lymphoma (MCL), and
immunoglobulin heavy chain fragment length analysis
showed identical dominant monoclonal peaks in the FL and
in situ MCL components [13]. Carbone et al. demonstrated a
common clonal origin for a composite follicular and mantle
cell lymphoma using immunomagnetic sorting and gene rear-
rangement studies [25]. Similarly, Roullet et al. analyzed a
composite follicular and mantle cell lymphoma and demon-
strated a shared monoclonal IGK@ rearrangement [8].

However, subsequent analysis of IGH@ PCR by Roullet
et al. demonstrated monoclonality in the mantle cell lympho-
ma only as well as mutually exclusive BCL2 and BCL1
(CCND1) translocations in the follicular and mantle cell lym-
phoma, respectively, thereby providing seemingly conflicting
data regarding the clonal relationship of the two different
lymphomas [8]. In other studies, Fend et al. separated the
components of composite mantle/follicular, follicular/small
lymphocytic, and mantle/small lymphocytic lymphomas
using laser capture microdissection and demonstrated two
unrelated clones at the IGH FR3 locus in the different com-
ponents, supporting separate clonal processes [5]. Similarly,
Zamò et al. analyzed a composite mantle cell and follicular
lymphoma using manual and laser capture microdissection,
heavy and light chain recombination, Vκ/kappa-deleting ele-
ment recombination, and sequence analysis and demonstrated
two distinct, clonally unrelated populations [6]. However, it
has been noted that the heavy, ongoing somatic
hypermutations of IGH@ in follicular lymphoma may con-
tribute to a failure to detect clonality and confound studies

attempting to establish clonal relationship within composite
lymphomas[9].

The coexistence of FLIS with another low-grade B cell
lymphoma, both in our case series as well as the literature,
suggests these disparate processes may arise via
transdifferentiation in some cases. It is conceivable that an
initial physiologic event (IgH rearrangement) occurs and sec-
ondary events (such as IGH/BCL2 or IGH/BCL1 translocation
or MYD88 mutation) result in divergent clonal evolution and
phenotype. However, as the tissue, in particular the FLIS
component, was exhausted on deeper sections, we were not
able to performmolecular studies of microdissected regions to
explore the clonal relationship of the composite lymphomas in
this case series.

Certainly, our understanding of the relatively recently de-
scribed entity of FLIS as well as the relationship between
composite lymphomas is still growing, and continued accu-
mulation of cases and data will help us better understand the
nature of both FLIS as well composite lymphomas.
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from this relationship.
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