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Abstract
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The majority of lymphomas arising in the thyroid gland are MALT lymphomas and diffuse large B
cell lymphomas, which arise from a background of chronic lymphocytic thyroiditis. Follicular
lymphoma may also present in the thyroid gland, but its clinicopathological features at this site are
not well characterised, leading to difficulties in diagnosis and clinical management. We have
addressed this problem by studying the clinical, morphological, immunophenotypic and genetic
features of 22 such cases. All cases showed morphology characteristic of follicular lymphoma,
However, in many the interfollicular neoplastic infiltrate was particularly prominent and all
lymphomas contained readily identifiable and often striking lymphoepithelial lesions, features
heretofore considered indicative of MALT lymphoma at this site. Furthermore, 13 of 18 cases for
whom sufficient evidence was available had clinical and/or histological evidence of chronic
lymphocytic thyroiditis. Analysis of genetic and immunohistochemical features identified two
distinct groups. In one group, similar to typical adult follicular lymphoma, cases carried a t(14;18)/
IGH-BCL2 and/or expressed Bcl2, and were mostly CD10-positive and of WHO grade 1-2. Follicular
lymphomas in the other group lacked IGH-BCL2 and Bcl-2 expression, were often of WHO grade
3 and were often CD10-negative, similar to the minority of follicular lymphomas previously
described that are Bcl-2-negative and are often encountered at other extranodal sites. The two groups
differed in clinical stage at presentation, 11 patients in the former group but none in the latter group
having disease beyond the thyroid gland. Appreciation of the spectrum of morphological,
immunophenotypic and genetic characteristics of follicular lymphoma presenting in the thyroid gland
should aid both diagnosis and clinical management.
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Lymphoma involves the thyroid gland uncommonly, and may do so as primary, localised
disease, as the first clinical presentation of disseminated lymphoma, or rarely as secondary
involvement in patients with known lymphoma at other sites. Primary lymphoma of the thyroid
gland represents 2-5% of extranodal non-Hodgkin lymphomas, occurs approximately three
times more frequently in women than in men, and typically affects those over 50 years of age
(median age, 60-65 years) (2,9,10,13,20,50). The majority of these lymphomas arises on a
background of chronic lymphocytic / Hashimoto thyroiditis, the acquired auto-reactive
lymphoid infiltrate of which is thought to provide the substrate for lymphoma development
(9,13,29,50). Many early investigators, using previous classification schemes, considered most
primary thyroid lymphomas to be of follicle centre cell origin (1,3,26,45,46). However,
following the identification of mucosa associated lymphoid tissue (MALT) lymphoma
(extranodal marginal zone lymphoma of MALT type) as a discrete clinicopathological entity
(30,33), it is now recognised that most primary thyroid lymphomas are in fact MALT
lymphomas with (approximately 35% of thyroid lymphomas) or without (approximately 20%)
a diffuse large B cell lymphoma (DLBCL) component (13,44,50,58,63). Most of the remaining
primary thyroid lymphomas (approximately 40% of cases) are DLBCL without evidence of
MALT lymphoma (13,44,50,58,63). In six large contemporary studies of the pathology of
primary thyroid lymphomas, follicular lymphomas represented only 3-5% of all cases (13,
25,44,50,58,63).
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The histological appearances of MALT lymphoma of the thyroid gland have been well
described (13,29,33,34). As at other mucosal sites, reactive lymphoid follicles are surrounded
by an expanse of neoplastic marginal zone cells, which show frequent and often striking plasma
cell differentiation. The lymphoma cells typically form prominent lymphoepithelial lesions
with the thyroid acini and in some cases colonise reactive germinal centres producing a nodular
architecture which may be mistaken morphologically for follicular lymphoma (13,31,34). Four
main recurrent chromosomal translocations have been identified in MALT lymphomas: t
(11;18)(q21;q21)(API2-MALT1) (14,70), t(1;14)(p22;q32)(BCL10-IGH) (68,70,69), t(14;18)
(q32;q21)(IGH-MALT1) (59,69), and t(3;14)(p14;q32)(FOXP1-IGH) (62). These are found
with varying frequencies in MALT lymphomas at different sites but, with the possible
exception of t(3;14)(p14;q32), occur very rarely or not at all in the thyroid gland (51,61,62,
69). MALT lymphomas of the thyroid tend to present with localised disease, and usually
respond favourably to therapy with complete remission in almost all cases and only rare
relapses (13,64,67,72,73). In contrast, follicular lymphoma is a neoplasm of germinal centre
B cells which typically presents with nodal or disseminated disease (48,53). Most patients
experience a protracted clinical course characterised by transient responses to therapy and
multiple relapses, often ending in death from resistant disease or transformation to DLBCL
(36,53). Histologically, follicular lymphomas usually grow with a predominantly follicular
pattern and a variable, but smaller, interfollicular component (17,48). In more than 90% of
nodal cases neoplastic follicle centre cells show strong aberrant expression of the anti-apoptotic
protein Bcl-2, in most instances as a result of a t(14;18)(q32;q21) which juxtaposes BCL2 and
the immunoglobulin heavy chain gene (IGH) (28,43,48). Given the different biology and
natural history of these two entities, accurate distinction between them at diagnosis is important
for optimal patient management. However, our experience suggests that this distinction is
frequently difficult for general surgical pathologists and specialist haematopathologists alike,
in part because the immunohistological and molecular genetic features of follicular lymphoma
in the thyroid gland have not been well described.
Although primary extranodal presentation of follicular lymphoma is relatively uncommon, it
is now recognised that follicular lymphomas arising at some extranodal sites have distinct
clinicopathological characteristics. For example, follicular lymphomas arising within the skin
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or the testis more often remain localised, more often lack t(14;18)(IGH-BCL2) rearrangements
and Bcl-2 protein expression, and have a better clinical outcome than nodal follicular
lymphomas (5,40). Recent studies have suggested that these properties may also extend to
follicular lymphomas arising in other extranodal tissues (23,22), but whether cases of primary
follicular lymphoma of the thyroid gland might share similar features is unknown. In order to
address this issue, and to identify features which may facilitate the recognition of follicular
lymphoma presenting in the thyroid gland in diagnostic practice, we have studied the clinical,
histological, immunophenotypic, and molecular features of 22 such cases.

MATERIALS AND METHODS
Case material
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Twenty-two cases of follicular lymphoma presenting in the thyroid gland were identified from
the surgical pathology archives of University College London Hospitals, London, UK; The
Royal Marsden Hospital, London, UK; and University of British Columbia / British Columbia
Cancer Agency, Vancouver, British Columbia, Canada. Representative sections from
thyroidectomy or diagnostic biopsy specimens were examined in each case by three or four
haematopathologists (CB, AD, PI, +/- RG or AW). Follicular lymphoma and DLBCL were
diagnosed, and follicular lymphoma was graded, according to established WHO criteria (48).
Disease stage was determined according to Musshoff's modification of the Ann Arbor staging
system (7).
Immunohistochemistry
Immunohistochemical staining was performed on paraffin-embedded tissue sections following
heat-mediated antigen retrieval or (for CD21 only) chymotrypsin pre-treatment using
antibodies as follows: CD20 (L26), CD3 (polyclonal), CD21 (1F8), CD138 (MI15), Bcl-6 (PGB6p), Bcl-2 (124), IgD (polyclonal), IgM (polyclonal), IgA (polyclonal), IgG (polyclonal),
Ki-67 (MIB-1), kappa light chain (polyclonal), lambda light chain (polyclonal) (all from Dako
Ltd., Ely, UK), CD10 (56C6), CD43 (MT1) and CD5 (4C7) (all from Novocastra/Leica
Biosystems Newcastle Ltd., Newcastle, UK). Signal was detected by the streptavidinimmunoperoxidase method with diaminobenzidine (DAB) chromogen (ChemMate, Dako
Ltd.).
PCR-based analysis of B cell clonality and detection of t(14;18)(IGH-BCL2)
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DNA was extracted from paraffin-embedded tissue sections as previously described (49) and
subjected to PCR-based analysis of B cell clonality using BIOMED-2 primer sets against
rearranged immunoglobulin heavy and light chain genes (66). Samples were assessed for the
presence of t(14;18)(IGH-BCL2) by PCR using BIOMED-2 primer sets A-C (covering
breakpoints in the major breakpoint region (MBR), the 3' MBR, the minor cluster region (mcr),
and the intermediate cluster region (icr) / 5' mcr). This assay detects greater than 80% of IGHBCL2 translocations in cases with adequate DNA quality (66).
Fluorescence in situ hybridisation
Interphase fluorescence in situ hybridisation (FISH) for t(14;18)(q32;q21)(IGH-BCL2),
translocations involving IGH, and translocations involving BCL6 was performed using LSI
IGH-BCL2 dual colour dual fusion translocation probe, LSI IGH dual colour break-apart
rearrangement probe, and LSI BCL6 dual colour break-apart rearrangement probe (Vysis Inc. /
Abbott Laboratories, Maidenhead, UK) respectively. FISH for translocations involving
FOXP1 was performed using an “in-house” dual colour break-apart rearrangement probe. FISH
was performed as previously described (70).
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Analysis of associations between categorical variables was performed using Fisher's Exact
Probability Test. Unsupervised hierarchical clustering of cases in Figure 4 was performed using
Cluster 3.0 and TreeView 1.6 software (from Michael Eisen, University of California,
Berkeley, CA).

RESULTS
Clinical Features
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The clinical features of the patients are summarised in Table 1. There were 18 women and four
men (M:F, 4.5:1), aged between 26 and 72 years (median, 50 years). The patients typically
presented with single nodular masses in the thyroid gland or with a multinodular goitre. In each
case the thyroid gland was both the presenting site and the site of the largest lymphomatous
mass. In eight patients, lymphoma was restricted to the thyroid gland (Ann Arbor stage 1E),
11 patients had stage 2E to 4E disease (sites of extrathyroidal disease are given in Table 1),
and staging information was not available for three. Six of the 17 patients for whom information
was available had serological and/or clinical evidence of pre-existing auto-immune thyroiditis.
Twenty-one patients underwent total, subtotal or hemi-thyroidectomy, with or without
involved-field radiotherapy and/or chemotherapy as detailed in Table 1. Of these, follow-up
information was available on 15 patients. After a median follow-up of 44 months (range, 10 204 months), 11 patients were alive with no lymphoma. Ten of these achieved a complete
remission (CR) following initial therapy and did not relapse; the other relapsed with DLBCL
following an initial partial response, but achieved a complete response to salvage therapy. Four
patients, three of whom achieved only a partial response (PR), had died of progressive or
relapsed transformed disease. One patient had a diagnostic needle core biopsy followed only
by observation and remained alive with lymphoma four years from diagnosis.
Histological Appearances
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The morphological appearance of each case is summarised in Table 2. All cases contained an
extensive, dense, lymphoid infiltrate which effaced the thyroid parenchyma and comprised
numerous lymphoid follicles amongst a variably prominent interfollicular or diffuse
component. In some cases / areas, the infiltrate obliterated the underlying thyroid follicles,
while in others acini remained, surrounding individual lymphoid follicles. In each case the
lymphoid follicles showed morphological features typical of follicular lymphoma such as an
absence of polarisation, attenuation of mantle zones and an absence of tingible body
macrophages. The germinal centres contained characteristic centrocytes and centroblasts in
variable proportions: five cases were WHO grade 1, nine were grade 2, seven were grade 3a
and one was grade 3b. Reactive follicles, or follicles only partially infiltrated by neoplastic
cells, were not seen within the lymphomatous infiltrate in any case.
The neoplastic follicles were separated by an extrafollicular population of small lymphocytes
together with numerous slightly larger “centrocyte-like” cells with slightly irregular
euchromatic nuclei and scant cytoplasm as described in the interfollicular region of nodal
follicular lymphomas (17). In all cases there were areas in which neoplastic follicles were
closely packed, as seen in nodal follicular lymphomas, but in 15 cases there were areas in which
the interfollicular infiltrate was more extensive, sometimes forming diffuse areas and
representing more than 25% of the total area of the lymphoma. The interfollicular cells not
only permeated between residual thyroid acini but formed unequivocal lymphoepithelial
lesions, present in each case and striking in 12. The lymphoepithelial lesions occurred in two
overlapping forms: those in which aggregates of lymphoma cells filled and distended the acinar
lumina, and those in which atypical cells were found in clusters within the acinar epithelium
(which was typically hyperplastic and sometimes showed squamous metaplasia). In the latter
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type, lymphoma cells seemed eventually to overrun the underlying epithelium altogether.
Plasma cell differentiation was identified in only one case (case 21, which carried a t(14;18)
(IGH-BCL2)). Two cases (cases 3 and 6) showed subtle marginal zone differentiation. In six
cases, areas of DLBCL, characterised by extrafollicular sheets of large centroblastic cells, were
present accounting for between less than 10% and approximately 80% of the total cellularity.
In ten cases, including three of the six cases with clinical evidence of auto-immune thyroiditis,
there were areas of lymphocytic thyroiditis separate from the lymphoma, in which reactive
lymphoid follicles accompanied by a non-destructive T and B cell infiltrate were present
amongst small thyroid acini often showing oncocytic change. Thus, in total, 13 cases had
clinical and/or histological evidence of lymphocytic thyroiditis. In three other cases, thyroid
acini amongst the lymphoma showed oncocytic change, but areas of thyroiditis were not present
in the material examined.
Immunohistochemistry
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The immunophenotype of the neoplastic cells in each case is summarised in Table 2. In each
case the neoplastic cells expressed CD20, confirming the B cell phenotype and highlighting
both the extensive interfollicular infiltrate and the lymphoepithelial lesions. The latter were
also accentuated by staining for cytokeratin. In each case the neoplastic follicle centre cells
showed a germinal centre immunophenotype. In 16 cases these expressed both Bcl-6 and
CD10, and in one CD10-positive case staining for Bcl-6 failed. In five cases (four of which
were grade 3) there was expression of Bcl-6 but aberrant loss of CD10, as is well recognised
in a proportion of follicular lymphomas (24). In most cases the interfollicular component
expressed CD10 and/or Bcl-6, but as described in nodal follicular lymphomas (17), the intensity
of staining for Bcl-6 and/or CD10 in the interfollicular cells was frequently reduced compared
to the intrafollicular cells, and was sometimes negative. The neoplastic follicle centre cells
expressed Bcl-2 strongly in 10 cases, did so weakly in two, and were negative in the remaining
10 cases. In 11 of 18 cases assessed, immunoglobulin heavy chain expression was not detected
by immunohistochemistry. The remainder expressed IgM (4 cases), IgD/IgM (2 cases) or IgG
(1 case). Expression of CD5 and CD43 was assessed in 15 and eight cases respectively, and
was negative in each. In each of the six cases with areas of DLBCL, this had an
immunophenotype identical to that of the follicular lymphoma component.
Molecular Biology
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The results of the molecular investigations are presented for each case in Table 2. The presence
of a t(14;18)(q32;q21)/IGH-BCL2 was sought by FISH and/or by PCR depending upon the
material available. IGH-BCL2 was detected in 10 of 20 cases studied. The two cases with weak
expression of Bcl-2 were negative for IGH-BCL2 by FISH, and in one IGH-BCL2-positive
case Bcl-2 could not be detected in neoplastic cells, possibly as a result of a mutation in the
Bcl-2 epitope recognised by the antibody used (55). FISH for BCL6 translocations was
performed in 12 cases, including seven of the 10 cases negative for IGH-BCL2. A split signal
for BCL6 indicative of a translocation at this locus was detected in two cases: one IGHBCL2 negative case (case 10) also showed an IGH translocation suggesting the presence of an
IGH-BCL6 translocation; one IGH-BCL2 positive case (case 13) showed only one split IGH
signal consistent with either a non-IGH partner gene or a complex translocation. Three cases
(two of which carried an IGH-BCL2 translocation) showed an extra copy of BCL6 in the
majority of neoplastic cells. FISH for a translocation involving FOXP1 was performed in five
of the cases without IGH-BCL2 (cases 1, 2, 6, 8 and 11), and was negative in each case. PCRbased analysis of B cell clonality gave a clonal result in 12 of the 15 cases in which DNA of
sufficient quality for analysis was obtained.
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Many of the clinical, immunohistological and molecular genetic features described above were
not randomly distributed amongst the cases. Instead there were strong associations between
them such that many cases shared common constellations of features. There were significant
associations between IGH-BCL2 positivity and Bcl-2 protein expression (p=0.03), IGHBCL2 negativity and grade 3 histology (p=0.01), Bcl-2 immunonegativity and grade 3 histology
(p=0.04), CD10 negativity and grade 3 histology (p=0.04), Bcl-2 immunonegativity, and stage
1 disease (p=0.001), and IGH-BCL2 negativity and stage 1 disease p=0.003). Both visual
inspection of the data set and use of unsupervised clustering (with Cluster and TreeView
programs) to objectively identify related cases, revealed two clearly distinct
clinicopathological groups of follicular lymphoma presenting in the thyroid gland (Figures 2,
3 and 4.). These groups showed significant differences in Bcl-2 protein expression
(p=0.00002), presence of IGH-BCL2 (p=0.0003), and WHO grade (p=0.02). One group (cases
1-9) was characterised by negative immunostaining for Bcl-2 (9/9 cases), absence of the IGHBCL2 translocation (8/8 cases), more frequent grade 3 histology (6/9 cases), and more frequent
negativity for CD10 (4/8 cases). In contrast, the other group (cases 10-22) was characterised
by positive staining for Bcl-2 (12/13 cases), presence of the IGH-BCL2 translocation (10/12
cases), infrequent grade 3 histology (2/13 cases), and CD10 positivity (12/13 cases).
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There was clinical and/or histological evidence of thyroiditis in eight of the nine cases in the
first group and in five of the nine cases in the second group for whom sufficient information
was available (p=0.15). There was a significant association between evidence of thyroiditis
and stage 1 disease (p=0.04), but not any other variable. The two groups were significantly
different in clinical stage at presentation (p=0.0002); all patients in the first group for which
information was available presented with stage 1 disease (7/7 cases) while 11/12 patients in
the second group presented with stage 2-4 disease. The differences in biology and stage
between the groups may be associated with differences in clinical outcome. All of the eight
patients in the first group for whom information is available achieved a complete response and
were alive without evidence of disease relapse at last follow-up. In contrast, of the seven treated
patients from the second group for whom information is available, four did not achieve a
complete response, five experienced progressive disease or relapse, and four died of
lymphoma. The two groups did not differ with respect to age, presence of DLBCL or other
histological or molecular genetic features.
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The data thus reveal two distinct groups of follicular lymphoma presenting in the thyroid gland:
one group (cases 10-22) with features typical of systemic follicular lymphoma (including
positivity for Bcl-2 and/or IGH-BCL2) and a tendency to disseminated disease, and another
group (cases 1-9) with localised disease and features (including a lack of both Bcl-2 expression
and IGH-BCL2) not characteristic of systemic follicular lymphoma but instead similar to the
features of follicular lymphoma occurring at some other extranodal sites.

DISCUSSION
The morphological features of follicular lymphoma presenting in the thyroid gland are not well
characterised, leading to difficulties in its recognition by histopathologists and to uncertainties
in patient management. In the present study, regardless of t(14;18)/IGH-BCL2 status, all 22
cases showed a destructive atypical lymphoid infiltrate which contained areas with, or was
predominantly composed of, follicles showing typical morphological characteristics of
follicular lymphoma. Recognition of these was aided by immunohistochemistry which showed
a germinal centre phenotype (Bcl-6 +/- CD10 positive) together with immunophenotypic
features supportive of malignancy (Bcl-2 expression, immunoglobulin light chain restriction,
altered MIB1 staining, and/or loss of CD10 expression). However, many cases also contained
an expansive extrafollicular neoplastic component. This feature was seen more frequently in
Am J Surg Pathol. Author manuscript; available in PMC 2010 January 1.
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the present series than in the large series of (predominantly nodal) follicular lymphomas that
we have previously examined (4), and has also been recognised in follicular lymphomas at
other extranodal sites (23). In most cases CD10 and/or Bcl-6 were expressed by the
interfollicular B cells, but as in other follicular lymphomas (17), these antigens were often
downregulated and staining was sometimes negative. Importantly in all of the present cases,
the interfollicular infiltrate formed readily identified, and often striking, lymphoepithelial
lesions.
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Appreciation of the above features afforded ready distinction from reactive infiltrates.
Additional support was provided in many cases by molecular demonstration of clonal
immunoglobulin gene rearrangement and/or by the detection of a chromosomal translocation
involving BCL2 or BCL6. Potentially more difficult is the distinction of follicular lymphoma
in the thyroid gland from MALT lymphoma, particularly those cases showing prominent
follicular colonisation (31). Indeed, in this study, MALT lymphoma was the diagnosis or
differential diagnosis in 13 of the 17 cases that were received as referrals for second opinion.
In those study cases lacking t(14;18)/IGH-BCL2, the presence of typical follicular lymphoma
architecture in at least one area, the cytomorphology of the neoplastic cells, and the expression
of CD10 and/or Bcl-6 in the neoplastic follicles and often in the extrafollicular component,
confirmed the diagnosis of follicular lymphoma. A lack of CD10 staining (seen in four cases)
is well recognised in follicular lymphomas showing grade 3 morphology or t(14;18)/IGHBCL2 negativity (22,24,35,38), while expression of Bcl-6, even in colonised follicles, is not
expected in marginal zone lymphomas (16,42). Additional features which were helpful in the
differential diagnosis from MALT lymphoma include a lack of plasma cell differentiation, a
lack of any reactive or partially infiltrated follicles, and weak or absent immunoglobulin heavy
chain staining. The presence in some of our cases of features overlapping with MALT
lymphomas is similar to reports of CD10+ Bcl-2+, t(14;18)+ follicular lymphomas mimicking
MALT lymphomas in the stomach and lung (37,65). Together these studies highlight that the
presence of an expansive extrafollicular infiltrate forming lymphoepithelial lesions, even those
with lumina expanded by lymphoid cells (coined “MALT ball” lymphoepithelial lesions
(13)), is not diagnostic of a MALT lymphoma.
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MALT lymphoma and DLBCL of the thyroid gland arise in almost all cases from pre-existing
chronic lymphocytic / Hashimoto thyroiditis, and patients with Hashimoto thyroiditis have a
60-80-fold increased risk of thyroid lymphoma (13,27). By analogy to gastric MALT
lymphoma, it is likely that MALT lymphoma of the thyroid gland arises from an auto-reactive
post-germinal centre B cell in the context of immunological help from auto-reactive T cells
(32). It is therefore pertinent that evidence of chronic lymphocytic thyroiditis was present in
13 of our 22 cases of follicular lymphoma, suggesting that follicular lymphoma of the thyroid
gland may also arise from the organised lymphoid tissue of thyroiditis. Since the clinical data
available were, in some cases, incomplete, and thyroid tissue surrounding the lymphomas was
not always available for review, the incidence of thyroiditis in our series may be
underestimated. Examination of immunoglobulin heavy chain gene somatic mutation patterns
has shown that follicular lymphoma arises from an antigen-selected germinal centre B cell,
and has suggested that, at least early in the evolution of the lymphoma, antigen stimulation
may provide an important stimulus for clonal expansion (6,71). One study suggested that
immunoglobulins derived from some follicular lymphomas may bind auto-antigens (15). It is
also clear that additional, perhaps non-cognate, signals from other cells in the germinal centre
microenvironment can provide important stimuli to the neoplastic cells in at least a subset of
follicular lymphomas (12,54). It can be hypothesised, therefore, that follicular lymphoma of
the thyroid gland may also be supported by (auto)antigen stimulation and/or by immunological
stimuli generated in the context of thyroiditis.
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The combined analysis of clinical, morphological, immunophenotypic and genetic data
revealed the presence of two clearly distinct groups among our study cases. One group shared
pathological features with typical adult follicular lymphoma: the presence of a t(14;18)/IGHBCL2, the expression of Bcl-2 and CD10, and a predominance of WHO grade 1-2 lymphomas
(48). These features are not only shared with the majority of primary nodal follicular
lymphomas, but can also be seen in follicular lymphomas with characteristic
clinicopathological features arising at some other extranodal sites including the gastrointestinal tract (11,57) and the ocular adnexa (18), as well as in a proportion of primary follicular
lymphomas of the skin (40,47,60) and salivary gland (41). For example, primary follicular
lymphoma of the gastrointestinal tract has a predilection for duodenal involvement, is usually
of low grade and CD10-positive, and typically expresses Bcl-2 as a result of a t(14;18)/IGHBCL2 (11,57). Interestingly, all but one of the IGH-BCL2 and/or Bcl-2-positive cases in the
present study presented with stage 2-4 disease. However, follicular lymphoma rarely involves
the thyroid gland secondarily (44,50,52) and several features suggest that at least the majority
of these cases arose within the thyroid gland itself: in all cases the thyroid gland was the
presenting and largest single site of disease; 5 cases had only stage 2 disease (small volume
cervical lymph node involvement); and there was evidence of thyroiditis in five cases
(including a history of autoimmune thyroiditis in a patient with stage 4 disease). Nevertheless,
the possibility that this group includes some cases in which the thyroid gland is the site of
presentation of disease originating in nearby lymph nodes cannot entirely be excluded.
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The other group of cases lacked both IGH-BCL2 translocations and Bcl-2 expression, were
often WHO grade 3, and included several CD10-negative cases. This latter constellation of
features is thus similar to that of a heterogeneous minority of follicular lymphomas lacking
IGH-BCL2 that has been recognised in several studies of follicular lymphomas arising at other
sites (22,24,35,39,56). Interestingly, although most such cases occur in lymph nodes, they may
be over-represented at extranodal sites (23,22). For example, in several studies of primary
cutaneous follicular lymphoma, IGH-BCL2 was absent in 60-100% of cases, while Bcl-2
staining was negative in more than approximately 40% of cases (8,40,47,60). We and others
have identified similar features in follicular lymphomas of the testes of both adults and children,
Kojima et al found the majority of primary follicular lymphomas of the salivary gland to lack
IGH-BCL2, and Goodlad et al reported similar findings in non-cutaneous extranodal follicular
lymphomas from a range of sites (5,19,23,41).
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In contrast to the cases showing Bcl-2 expression and/or IGH-BCL2, all of those lacking both
these features remained localised to the thyroid gland (stage 1). This is in keeping with the
results of other studies which suggest that IGH-BCL2/Bcl-2-negative follicular lymphomas
more often present with low stage disease than do typical follicular lymphomas (21,35). The
reason for this strict localisation is unclear, but it is possible that follicular lymphomas lacking
Bcl-2 expression might remain dependent upon antigen or other stimuli within the thyroid
microenvironment for survival, while the expression of Bcl-2 in other cases may allow
lymphoma cells to survive in lymphoid tissue away from the thyroid gland. The question of
primary site notwithstanding, the analysis of the Bcl-2 / IGH-BCL2 status of follicular
lymphomas presenting in the thyroid gland is of potential clinical importance in distinguishing
cases in which disease is likely to be localised from those in which there may be extra-glandular
disease, as different treatment approaches may be appropriate in these two groups.
Furthermore, this study suggests that the differences in biology and stage between the two
groups identified may be reflected in differences in clinical outcome, although extended
follow-up and study of additional cases are required before conclusions can be drawn.
In summary, follicular lymphoma of the thyroid gland includes cases with typical genetic and
immunophenotypic features of follicular lymphoma, as well as a group lacking both Bcl-2
expression and IGH-BCL2 translocation and often having a higher grade morphology, in
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keeping with a recognised subset of follicular lymphomas over-represented at several other
extranodal sites. These groups differ in their tendency to spread beyond the thyroid gland, but
both show similar morphological features including frequent expansive extra-follicular
infiltrates with prominent lymphoepithelial lesions which have previously been regarded as
indicative of MALT lymphoma.
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Figure 1.

Morphology of follicular lymphoma in the thyroid gland. In some areas/cases the neoplastic
follicles were closely packed (A: H&E, case 2), while in several cases there were areas in which
follicles (arrowed) were separated by expansive interfollicular neoplastic B cell infiltrates (B,
case 16; C (CD20) and D (CD21), same area of case 10). The interfollicular cells were small
centrocytic cells similar to those seen in the interfollicular region of nodal follicular lymphomas
(E, case 18). Lymphoepithelial lesions were seen in all cases. These were of two overlapping
types: those with intraluminal aggregates of neoplastic B cells (F and G (CD21), same area of
case 13) and those with clusters of lymphocytes amongst hyperplastic epithelium (H and I
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(CD21), same area of case 16). Several cases contained foci of lymphocytic thyroiditis separate
from the lymphoma (J, case 13).
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Figure 2.
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Follicular lymphoma of the thyroid gland lacking both Bcl-2 expression and IGH-BCL2. Many
of these cases were composed of neoplastic follicles of WHO grade 3 (A, case 10). In each
case the germinal centre cells were negative for Bcl-2 (B, case 1). The germinal centre cells
were positive for Bcl-6 in all cases (C, case 1), while staining for CD10 was negative in four
cases (D, case 1) and strongly positive in five (E, case 7).
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Figure 3.

Follicular lymphoma of the thyroid gland with features Bcl-2 expression/IGH-BCL2. Most of
these lymphomas were composed of neoplastic follicles of WHO grade 1 or 2 (A, case 13).
Germinal centre cells typically expressed Bcl-2 (B), Bcl-6 (C) and CD10 (D) (all case 17). As
evident in panels C and D, in many cases there was downregulation of Bcl-6 and CD10
expression in the extrafollicular lymphoma cells.

NIH-PA Author Manuscript
Am J Surg Pathol. Author manuscript; available in PMC 2010 January 1.

Bacon et al.

Page 17

NIH-PA Author Manuscript
NIH-PA Author Manuscript

Figure 4.

Two subsets of follicular lymphoma arising in the thyroid gland. Visual inspection and
unsupervised clustering (Cluster 3.0 and TreeView 1.6) revealed two clinicopathologically
distinct groups of cases (cases 1-9 and cases 10-22) which differed significantly with respect
to Bcl2 protein expression (p=0.00002), the presence of IGH-BCL2 (p=0.0003), WHO grade
(p=0.02), stage at presentation (p=0.0002) and clinical outcome (p=0.007) (Fisher's exact test).
CR, complete response; PR, partial response; AND, alive with no disease; AWD, alive with
disease (without treatment); DOD, died of disease; IHC, immunohistochemistry; neg, negative;
pos, positive.
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Molecular Biology

FCCs, follicle centre cells; IF, interfollicular; IgH, immunoglobulin heavy chain; nd, not done; (↓) staining in IF cells reduced compared to FCC; IGH-BCL2 translocation status was examined by
FISH & PCR (cases 1, 2, 6, 8, 10-13, 15, & 16), FISH (cases 7, 14, & 21), or PCR (cases 3-5, 18, 19, & 22).
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