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Pathology of Follicular Lymphoma
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Follicular lymphoma (FL) is a heterogeneous disease, and there are many different subgroups, such as in terms of age of

onset, involved organ (especially extranodal sites such as gastrointestinal tract) and genetic abnormality. Grade 3B is currently

regarded as a distinct entity by molecular genetic analyses, but the independence of Grade 3A remains unclear. Variations of

clinical course are known in FL. Some cases are very indolent, but others are not. The latter cases show histological

transformation to diffuse large B-cell lymphoma (DLBCL) (high-grade transformation) and an aggressive course. Histological

transformation to DLBCL is reported to occur in about 30-40% of patients, at a rate of about 3% each year. However, it reaches

a plateau at about 16 years, so the stratification of patients in whom transformation would or would not occur is very important

for the therapeutic strategy. From genome-wide analysis by next-generation sequencing, EZH2, CREBBP and MLL2, which are

histone-modifying genes, have been shown to be frequently mutated in FL and to have an important role in lymphomagenesis.

IGH-BCL2 translocation and CREBBP mutations are early events, whereasMLL2 and TNFSFR14 mutations represent late events

during disease evolution. In the 2008 WHO classification, three new variants: (1) pediatric follicular lymphoma, (2) primary

intestinal follicular lymphoma and (3) in situ follicular lymphoma, are included. Pathologists and clinicians should consider

these new developments when deciding on the diagnostic and therapeutic strategy. 〔J Clin Exp Hematop 54(1): 3-9, 2014〕
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INTRODUCTION

Follicular lymphoma (FL) is the second most common

low-grade B-cell lymphoma after mucosa-associated lym-

phoid tissue (MALT) lymphoma. It occurs at a rate of about

20% in Western countries. In Japan, the rate was about 6%

during 1996-2000. However, it has increased since 2000. In

our surgical files, the frequency of FL was about 15% in 2009

and about 17% in 2011, so it is approaching that of Western

countries. The cause of this increase is still unknown, but it

generally develops in middle-aged and elderly people (median

age 60 years old from our patient files). It also occurs at a

younger age, such as under 20 years old, on rare occasions.

The most commonly involved site is the lymph nodes, but

sometimes extranodal sites, such as gastrointestinal sites, es-

pecially the duodenum, as well as the skin, thyroid gland,

salivary gland, breast and testis, are involved. Against this

background, three new variants : (1) pediatric follicular lym-

phoma, (2) primary intestinal follicular lymphoma and (3) in

situ follicular lymphoma, are included in the 2008 WHO

classification.1

GRADING OF FOLLICULAR LYMPHOMA

FL has been the subject of various classifications accord-

ing to the proportion of large centroblastic cells. In the

Rappaport classification, there were five subgroups: I:

Lymphocytic type, well differentiated; II: Lymphocytic type,

poorly differentiated (lymphoblastic); III: Mixed type (lym-

phocytic and reticulum cell); IV: Reticulum type; and V:

Hodgkin’s type.2 In the Working Formulation classification,

three subgroups were included: (1) follicular, predominantly

small cleaved cells; (2) follicular mixed, small cleaved and

large cells (FM); and (3) follicular, predominantly large

cells.3 In addition, the R.E.A.L. classification, which was

established in 1994, has three subgroups: Grade I: predomi-

nantly small cleaved; Grade II: mixed small and large cells;

and Grade III: predominantly large cells, follicular center

lymphoma, diffuse, small cells.4 The third edition of the

WHO classification inherited this approach and proposed a

classification according to the number of centroblastic cells,

namely, Grade 1 (0-5/hpf), Grade 2 (6-15/hpf) and Grade 3 (>

15/hpf). Grade 3 was also divided into Grade 3a (centrocytes

present) and Grade 3b (solid sheets of centroblasts).5 At the

time of revision for the fourth edition of the WHO classifica-
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tion, grading of FL was discussed in various ways, for exam-

ple, counting of centroblasts and associations with clinical

prognosis, but the grading was similar to that in the third

classification. The modifications were as follows: the de-

scription of Grades 1-2 (low grade; 0-15 centroblasts/hpf)

was accepted, and the notation of Grades 3a and 3b was

changed to Grades 3A and 3B.1

It is important to distinguish between Grade 3A and Grade

3B because there are apparent differences of clinical progno-

sis and molecular genetics between them. Bosga-Bouwer et

al. examined 29 Grade 3B patients by fluorescence in situ

hybridization (FISH) and immunohistochemical study, and

divided them into three subgroups: (1) 3q27/BCL6 break (+)

and t(14;18) translocation (-), (2) 3q27/BCL6 break (-) and

t(14;18) translocation (-) and (3) 3q27/BCL6 break (-) and

t(14;18) (+). They described that the t(14;18) (+) group and

the 3q27/BCL6 break (+) group were mutually exclusive, and

that the 3q27/BCL6 break (+) group was associated with

DLBCL.6 Katzenberger et al. reported that patients of Grade

3B with a DLBCL component frequently exhibited 3q27/

BCL6 break.7 Furthermore, Karube et al. described that

MUM-1 was frequently expressed in Grade 3B samples.8 As

such, it was suggested that Grade 3A FL is on the same

spectrum as Grade 1-2 FL, and Grade 3B FL behaves the

same as de novo DLBCL. However, Hans et al. and Chau et

al. reported that there were no significant differences in over-

all survival and event-free survival between Grade 3A and 3B

subgroups.9,10 As such, Grade 3B will be a distinct entity by

molecular genetic analyses, but the entity of Grade 3A is still

unclear and requires further study.

CLINICAL FEATURES

Variations of clinical course are known in FL. Some

cases are very indolent, but others are not. The latter cases

show histological transformation to diffuse large B-cell lym-

phoma (high-grade transformation) and exhibit an aggressive

course.

FL patents are usually at an advanced stage, with only 26-

33% of patients being in stage I/II.11 Histological transforma-

tion to DLBCL is reported to occur in about 30-40% of

patients, at a rate of about 3% each year.12 Although the

median overall survival of all patients with FL is 6-10 years,

patients die within a year if high-grade transformation occurs.

On the other hand, about 20% of cases are reported to show

spontaneous regression without treatment.13 As mentioned

above, FL is a heterogeneous disease from a clinical perspec-

tive.

HISTOLOGICAL CHARACTERISTICS AND

IMMUNOPHENOTYPE

The normal counterpart of FL is germinal center-derived

B cells (GCB cells). Tumor cells are composed of small to

medium-sized cleaved cells (centrocytes) and large non-

cleaved cells (centroblasts), and form follicle structures.

Neoplastic follicles have vague borders and scant or absent

mantle zones. Normal follicles have tingible body macro-

phages but neoplastic ones of Grade 1/2 do not, and show a

monotonous appearance (Fig. 1A, 1B). If the number of large

cells is more than 15/HPF, the diagnosis is Grade 3. Grade

3A has a mixture of centrocytes, but Grade 3B has no centro-

cytes and shows sheet-like proliferation of centroblasts. In

immunohistochemistry, tumor cells are positive for B-cell

markers such as CD20 and CD79a, and negative for T-cell

markers such as CD3 and CD5. Reflecting the GCB deriva-

tion, tumor cells are positive for CD10 and BCL6. Although

BCL2 protein is down-regulated in normal germinal centers
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Fig. 1. Histological appearance of nodal follicular lymphoma.

(1A) Low-power field of follicular lymphoma, Grade 1 (H&E

stain, ×40). Neoplastic follicles have vague borders and scant or

absent mantle zones. (1B) High-power field of follicular lympho-

ma, Grade 1 (H&E stain, ×200). Tumor cells are composed of

small to medium-sized cleaved cells (centrocytes) and large non-

cleaved cells (centroblasts).

A

B



and causes apoptosis of non-selected B cells, tumor cells

always express BCL2 protein by t(14;18)/IGH-BCL2. This is

thought to be one of the causes of lymphomagenesis.

t(14;18)/IGH-BCL2 can be detected by long-distance poly-

merase chain reaction or FISH.14 It was reported that

t(14;18)/IGH-BCL2 can be detected in most cases, but not in

10-20% of Grade 1/2 cases ; the rate of negativity is 10% in

our series. Half of the Grade 3 cases are reported to be

negative for this translocation.1

Some histological variations are reported, such as “follic-

ular lymphoma with marginal zone differentiation,” which

shows differentiation to marginal zone or monocytoid B cells,

“floral variant,” “hyaline vascular variant,” which has hyaline

collagenous fiber proliferation (Fig. 2), “inverted variant”

(Fig. 3), and “signet ring cell variant.”

DIFFERENTIAL DIAGNOSIS

Low-grade B-cell lymphomas that are composed of nodu-

lar structures should be differentiated. They are marginal

zone B-cell lymphoma, mantle cell lymphoma (MCL) and

chronic lymphocytic leukemia/small lymphocytic lymphoma.

Tumor cells of marginal zone B-cell lymphoma proliferate in

marginal zone areas and sometimes have follicular coloniza-

tion. They often show differentiation to monocytoid B cells

or plasma cells. Immunostaining of CD10 is useful to recog-

nize regressed germinal centers. In follicular lymphoma

cases, tumor follicles show stronger CD10 immunostaining

than reactive lymphoid follicles.15 MCL is usually differenti-

ated by cyclin D1 positivity on immunostaining. From a

histological perspective, MCL shows monotonous medium-

sized cell proliferation, pink macrophages and atrophic germi-

nal centers. Chronic lymphocytic leukemia/small lympho-

cytic lymphoma forms nodular structures composed of small

to medium-sized tumor cells, and within them, proliferation

centers composed of prolymphocytes and paraimmunoblasts

are seen. Tumor cells are positive for CD5 and CD23 by

immunostaining.

MOLECULAR GENETICS

Several genetic abnormalities have been reported by array

comparative genomic hybridization (CGH), FISH and DNA

microarray analyses.16-20 Representative abnormalities in ad-

dition to IGH-BCL2 translocation were as follows: break

points in chromosome 1, deletions in the long arm of chromo-

some 6 (6q), trisomy 7 (7), trisomy 12 (12), presence of a

derivative of chromosome 18 (der (18)) and duplication of X

(X).21 Loss of chromosomal material at 6q25-27 was a strong

independent predictor of inferior survival.22 Deletions in

1p36.22-p36.33 and 6q21-q24.3 were also highly associated

with transformation and inferior overall survival in patients

with FL using array CGH.23 Schwaenen et al. reported a

large number of recurring genomic aberrations in FL as ana-

lyzed by array CGH, of which deletions in 9p21 (CDKN2A/

B), 6q25 and 6q26 were associated with inferior survival.24 In

addition, O’Shea et al. reported that acquired uniparental

disomy of 1p36 is a prognostic factor and acquired uniparen-

tal disomy of chromosome 16 is associated with histological

transformation.25

In recent years, genome-wide analysis of several types of

cancer including malignant lymphoma by next-generation se-

quencing (NGS) has become available and important somatic

mutations in germinal center-derived B-cell lymphomas, such

as FL, have been discovered. In particular, it has been found

that genetic abnormalities accumulate at the cluster of

histone-modifying genes. Morin et al. reported that EZH2

(Y641), which encodes a histone methyltransferase responsi-

ble for tri-methylating H3K27, was mutated in GCB DLBCL

Pathology of FL

5

Fig. 2. Hyaline vascular variant of follicular lymphoma.

Hyalinized vessels are present at the tumor follicle. H&E

stain, × 200.

Fig. 3. Inverted variant of follicular lymphoma. Central

zone of the tumor follicles is darker than the peripheral zone

of follicles. H&E stain, × 40.



(21.7%) and FL (7.2%), whereas this was not found in acti-

vated B-cell-like DLBCL.26 In addition, MLL2, which also

encodes a histone methyltransferase, was frequently mutated

in DLBCL (32%) and FL (89%).27 Morin et al. and

Pasqualucci et al. described that inactivating mutations of

CREBBP and EP300, which belong to the KAT3 family of

histone/protein lysine acetyltransferases, occur in 39% of

DLBCL and 41% of FL (Pasqualucci et al.), and in 11.4% of

DLBCL and 13.4% of FL (Morin et al.).27,28 There were

differences in frequency between these two reports, but the

findings are reliable, in that these were recurrent mutations,

and suggest that histone-modifying gene mutations play im-

portant roles in germinal center-derived lymphomagenesis.

Green et al. separated the FL tumor cells by CD20 expres-

sion intensity and examined and compared primary FL sam-

ples and relapsed FL samples by NGS analysis. They found

out that IGH-BCL2 translocation and CREBBP mutations are

early events, whereas MLL2 and TNFSFR14 mutations repre-

sent late events during disease evolution.29 Recently, in this

way, it was suggested that a minor population of tumor cells

is associated with tumor relapse.

HISTOLOGICAL TRANSFORMATION

Histological transformation is reported to occur at a fre-

quency of about 40% of all FL patients, but varies among

previous reports.30-33 It causes abrupt lactate dehydrogenase

elevation and emergence of extranodal lesions, among others,

and then becomes a major factor behind therapy resistance

and poor prognosis. The frequency of transformation is re-

ported to be 3% each year.12 However, it reaches a plateau at

about 16 years, so the stratification of patients in whom trans-

formation would or would not occur is very important for the

therapeutic strategy. Both abnormality of neoplastic cells and

that of the microenvironment are thought to be important for

the transformation. For neoplastic cells, loss of tumor sup-

pressor genes such as p53 and CDKN2A and amplification of

MYC oncogene and its target genes are known.34-37 For the

microenvironment, loss of follicular dendritic cell (FDC)

meshworks and/or increase of CD4-positive T cells in the

intrafollicular area have been reported.38,39 Kiaii et al. re-

ported that, by gene expression analysis of CD4-positive and

CD8-positive T cells that interact with FL cells, expression of

3 genes : PMCH, NAMPT and ETV1, in inter- and intra-

follicular T cells is an important risk factor for the

transformation.40

PEDIATRIC FOLLICULAR LYMPHOMA

FL in the pediatric population is rare, occurring as only 1-

2% of all malignant lymphomas and only one case in our

experience. FL in the pediatric population has a distinct

biological behavior and clinical picture ; it was documented

as a variant in the WHO classification of 2008. Common

sites are cervical lymph node and tonsil, but lesions of testis,

gastrointestinal tract, salivary duct, kidney or skin have been

reported on rare occasions.1 Lorsbach et al. analyzed 23

cases of pediatric FL and found that most cases were at stage

I/II (16/23). There were high frequencies of histological

Grade 3 (9/23) and negativity of BCL2 (11/23). Such cases

respond well to therapy, although they have high-grade mor-

phology, histologically.41

“IN SITU” FOLLICULAR LYMPHOMA

“In situ” follicular lymphoma/intrafollicular neoplasia is

thought to involve BCL2-positive tumor follicles in reactive

lymphoid follicular hyperplasia. Cong et al. performed a

microdissection study for BCL2-positive follicles and BCL2-

negative follicles ; a monoclonal band was detected only in

BCL2-positive follicles.42 From a long-term follow-up of in

situ follicular lymphoma by Jegalian et al., only one of 21

patients progressed to overt FL.43 In the peripheral blood of

healthy individuals, IGH-BCL2 translocation was detected in

about half of Western people and about 30% of Japanese

people in a polymerase chain reaction study.44-45 It is thought

that these B cells with IGH-BCL2 translocation will acquire

additional abnormal genetic change and may expand in the

reactive follicles.

PRIMARY INTESTINAL FOLLICULAR

LYMPHOMA

Gastrointestinal follicular lymphoma, especially duodenal

follicular lymphoma, frequently occurs as extranodal FL. We

have reported that duodenal follicular lymphoma is frequently

found at the second part of the duodenum and exhibits indo-

lent clinical behavior.46 With the growing popularity of this

concept among gastroenterologists and pathologists, the fre-

quency of diagnosis in duodenal follicular lymphoma is in-

creasing. Recently, it has also been shown that lymphoma

cells spread to the small intestine (jejunum and ileum), as

determined by double-balloon endoscopy and capsule

endoscopy.47

We conducted multicenter retrospective analysis from 18

consecutive institutions (gastrointestinal follicular lymphoma

study group). One hundred and twenty-five of 191 patients

were at stage I or II1 by Lugano’s classification, and were

thought to have the gastrointestinal tract as the primary site

(in 70 patients, the whole of the gastrointestinal tract was

studied). The most common involved site was the second

part of the duodenum (54/70 ;77%), followed by the jejunum

and the ileum. In addition, 85% of the cases involved a wide

spread to the small intestine ; in other words, only 15% of

duodenal follicular lymphomas were localized to the duode-

num (Fig. 4A, 4B). Furthermore, the involvement of the
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second portion of the duodenum was an independent prognos-

tic factor for progression-free survival.48

The typical macroscopic appearance is small white nod-

ules with multiple lesions (Fig. 5A). Histologically, small to

medium-sized lymphoid cells with tumor follicles are present

at the proper mucosal area. In addition, tumor cells fre-

quently involve mucosal villi (Fig. 5B, 5C). More than 95%

of gastrointestinal follicular lymphomas are at Grade 1-2 (low

grade). Immunohistologically, tumor cells are positive for

CD10 and BCL2, the same as for nodal follicular lymphoma.

In our previous study of a series of 30 patients with duodenal

follicular lymphoma, 27 samples (90%) presented the same

CD21 (FDC) expression pattern, which lacked FDC mesh-

works and was found at the periphery of tumor follicles.49

This pattern (duodenal pattern) corresponded to follicular col-

onization in MALT lymphoma. In contrast, follicular lym-

phoma of the stomach and colon had FDC meshworks like

nodal follicular lymphoma.50 Translocation of IGH-BCL2

was highly detected (about 87%) by FISH analysis in duode-

nal follicular lymphoma.49

Pathology of FL
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Fig. 4. Tumor distribution of gastrointestinal follicular lym-

phoma (examined by double-balloon endoscopy and/or capsule

endoscopy). (4A) Tumor cells are widely distributed at the

small intestine (duodenum, jejunum and ileum). (4B) Tumor

distribution of patients with positivity at the second duodenal

part. Eighty-five percent of duodenal follicular lymphomas

spread to the jejunum and/or ileum.

Fig. 5. Macroscopic and microscopic appearance of duodenal

follicular lymphoma. (5A) Macroscopic features of duodenal fol-

licular lymphoma. Typical macroscopic appearance is small white

nodules with multiple lesions. (5B) Histologically, small to

medium-sized lymphoid cells with tumor follicles are present at

the proper mucosal area. H&E stain. ×4. (5C) Tumor cells in-

volve duodenal mucosal villi. H&E stain, ×40.
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With regard to the molecular pathogenesis, we reported

that immunoglobulin heavy-chain usage (VH usage) deviated

to VH4 and VH5, and there were many of the same usages of

VH genes, such as VH4-34, VH3-23 and VH3-73. These

results suggested that duodenal follicular lymphoma is similar

to MALT lymphoma.49 Furthermore, duodenal follicular

lymphoma lacks activation-induced cytidine deaminase, de-

spite having somatic hypermutation and ongoing mutation.

From our comprehensive gene expression study, duodenal

follicular lymphoma is very similar to MALT lymphoma and

has distinct characteristics within the group of follicular lym-

phomas (manuscript under submission).

CONCLUSION

Follicular lymphoma is a very heterogeneous disease, and

there are many different subgroups, such as in terms of age of

onset, involved organ (especially extranodal sites such as

gastrointestinal tract) and genetic abnormality. As such, it is

desirable that principles for its diagnosis and therapy are

established.

REFERENCES

1 Harris NL, Swerdlow SH, Jaffe ES, Ott G, Nathwani BN, et al.:

Follicular lymphoma. In: Swerdlow SH, Campo E, Harris NL,

Jaffe ES, Pileri SA, et al. (eds): World Health Organization

Classification of Tumours, WHO Classification of Tumours of

Haematopoietic and Lymphoid Tissues. 4th ed, Lyon,

International Agency for Research on Cancer (IARC), pp.220-

226, 2008

2 Hicks EB, Rappaport H, Winter WJ: Follicular lymphoma; A re-

evaluation of its position in the scheme of malignant lymphoma,

based on a survey of 253 cases. Cancer 9:792-821, 1956

3 National Cancer Institute sponsored study of classifications of

non-Hodgkin’s lymphomas: summary and description of a work-

ing formulation for clinical usage. The Non-Hodgkin’s Lymphoma

Pathologic Classification Project. Cancer 49:2112-2135, 1982

4 Harris NL, Jaffe ES, Stein H, Banks PM, Chan JK, et al.: A

revised European-American classification of lymphoid neoplasms:

a proposal from the International Lymphoma Study Group. Blood

84:1361-1392, 1994

5 Jaffe ES, Harris NL, Stein H, Vardiman JW: World Health

Organization Classification of Tumors. Pathology and Genetics of

Tumours of Haematopoietic and Lymphoid Tissues, 3rd ed., Lyon,

pp.162-167, 2001

6 6 Bosga-Bouwer AG, van Imhoff GW, Boonstra R, van der Veen

A, Haralambieva E, et al.: Follicular lymphoma grade 3B in-

cludes 3 cytogenetically defined subgroups with primary t(14;18),

3q27, or other translocations: t(14;18) and 3q27 are mutually

excusive. Blood 101:1149-1154, 2003

7 Katzenberger T, Ott G, Klein T, Kalla J, Müller-Hermelink HK, et

al.: Cytogenetic alterations affecting BCL6 are predominantly

found in follicular lymphomas grade 3B with a diffuse large B-

cell component. Am J Pathol 165:481-490, 2004

8 Karube K, Guo Y, Suzumiya J, Sugita Y, Nomura Y, et al.:

CD10-MUM1+ follicular lymphoma lacks BCL2 gene transloca-

tion and shows characteristic biologic and clinical features. Blood

109:3076-3079, 2007

9 Hans CP, Weisenburger DD, Vose JM, Hock LM, Lynch JC, et

al.: A significant diffuse component predicts for inferior survival

in grade 3 follicular lymphoma, but cytologic subtypes do not

predict survival. Blood 101:2363-2367, 2003

10 Chau I, Jones R, Cunningham D, Wotherspoon A, Maisey N, et

al.: Outcome of follicular lymphoma grade 3: Is anthracycline

necessary as front-line therapy? Br J Cancer 89:36-42, 2003

11 Armitage JO, Weisenburger DD: New approach to classifying

non-Hodgkin’s lymphomas: Clinical features of the major histo-

logic subtypes. Non-Hodgkin’s Lymphoma Classification Project.

J Clin Oncol 16:2780-2795, 1998

12 Montoto S, Davies AJ, Matthews J, Calaminici M, Norton AJ, et

al.: Risk and clinical implications of transformation of follicular

lymphoma to diffuse large B-cell lymphoma. J Clin Oncol

25:2426-2433, 2007

13 Horning SJ, Rosenberg SA: The natural history of initially un-

treated low-grade non-Hodgkin’s lymphomas. N Engl J Med

311:1471-1475, 1984

14 Albinger-Hegyi A, Hochreutener B, Abdou MT, Hegyi I, Dours-

Zimmermann MT, et al .: High frequency of t(14;18)-

translocation breakpoints outside of major breakpoint and minor

cluster regions in follicular lymphomas: improved polymerase

chain reaction protocols for their detection. Am J Pathol 3:823-

832, 2002

15 Leich E, Salaverria I, Bea S, Zettl A, Wright G, et al.: Follicular

lymphomas with and without translocation t(14;18) differ in gene

expression profiles and genetic alterations. Blood 114:826-834,

2009

16 Küppers R: Mechanisms of B-cell lymphoma pathogenesis. Nat

Rev Cancer 5:251-262, 2005

17 Horsman DE, Okamoto I, Ludkovski O, Le N, Harder L, et al.:

Follicular lymphoma lacking the t(14;18)(q32;q21): Identification

of two disease subtypes. Br J Haematol 120:424-433, 2003

18 Katzenberger T, Kalla J, Leich E, Stöcklein H, Hartmann E, et al.:

A distinctive subtype of t(14;18)-negative nodal follicular non-

Hodgkin lymphoma characterized by a predominantly diffuse

growth pattern and deletions in the chromosomal region 1p36.

Blood 113:1053-1061, 2009

19 Horsman DE, Connors JM, Pantzar T, Gascoyne RD: Analysis of

secondary chromosomal alterations in 165 cases of follicular lym-

phoma with t(14;18). Genes Chromosomes Cancer 30:375-382,

2001

20 Yunis JJ, Frizzera G, Oken MM, McKenna J, Theologides A, et

al.: Multiple recurrent genomic defects in follicular lymphoma. A

possible model for cancer. N Engl J Med 316:79-84, 1987

21 Johansson B, Mertens F, Mitelman F: Cytogenetic evolution pat-

terns in non-Hodgkin’s lymphoma. Blood 86:3905-3914, 1995

Takata K, et al.

8



22 Cheung KJ, Shah SP, Steidl C, Johnson N, Relander T, et al.:

Genome-wide profiling of follicular lymphoma by array compara-

tive genomic hybridization reveals prognostically significant DNA

copy number imbalances. Blood 113:137-148, 2009

23 Viardot A, Möller P, Högel J, Werner K, Mechtersheimer G, et

al.: Clinicopathologic correlations of genomic gains and losses in

follicular lymphoma. J Clin Oncol 20:4523-4530, 2002

24 Schwaenen C, Viardot A, Berger H, Barth TF, Bentink S, et al.:

Microarray-based genomic profiling reveals novel genomic aber-

rations in follicular lymphoma which associate with patient surviv-

al and gene expression status. Genes Chromosomes Cancer 48:39-

54, 2009

25 O’Shea D, O’Riain C, Gupta M, Waters R, Yang Y, et al.:

Regions of acquired uniparental disomy at diagnosis of follicular

lymphoma are associated with both overall survival and risk of

transformation. Blood 113:2298-2301, 2009

26 Morin RD, Johnson NA, Severson TM, Mungall AJ, An J, et al.:

Somatic mutations altering EZH2 (Tyr641) in follicular and dif-

fuse large B-cell lymphomas of germinal-center origin. Nat Genet

42:181-185, 2010

27 Morin RD, Mendez-Lago M, Mungall AJ, Goya R, Mungall KL,

et al.: Frequent mutation of histone-modifying genes in non-

Hodgkin lymphoma. Nature 476:298-303, 2011

28 Pasqualucci L, Dominguez-Sola D, Chiarenza A, Fabbri G, Grunn

A, et al.: Inactivating mutations of acetyltransferase genes in B-

cell lymphoma. Nature 471:189-195, 2011

29 Green MR, Gentles AJ, Nair RV, Irish JM, Kihira S, et al.:

Hierarchy in somatic mutations arising during genomic evolution

and progression of follicular lymphoma. Blood 121:1604-1611,

2013

30 Acker B, Hoppe RT, Colby TV, Cox RS, Kaplan HS, et al.:

Histologic conversion in the non-Hodgkin’s lymphomas. J Clin

Oncol 1:11-16, 1983

31 Cullen MH, Lister TA, Brearley RI, Shand WS, Stansfeld AG:

Histological transformation of non-Hodgkin’s lymphoma: A pro-

spective study. Cancer 44:645-651, 1979

32 Hubbard SM, Chabner BA, DeVita VT Jr, Simon R, Berard CW,

et al.: Histologic progression in non-Hodgkin’s lymphoma. Blood

59:258-264, 1982

33 Oviatt DL, Cousar JB, Collins RD, Flexner JM, Stein RS:

Malignant lymphomas of follicular center cell origin in humans.

V. Incidence, clinical features, and prognostic implications of

transformation of small cleaved cell nodular lymphoma. Cancer

53:1109-1114, 1984

34 Elenitoba-Johnson KS, Gascoyne RD, Lim MS, Chhanabai M,

Jaffe ES, et al.: Homozygous deletions at chromosome 9p21 in-

volving p16 and p15 are associated with histologic progression in

follicle center lymphoma. Blood 91:4677-4685, 1998

35 Lossos IS, Alizadeh AA, Diehn M, Warnke R, Thorstenson Y, et

al.: Transformation of follicular lymphoma to diffuse large-cell

lymphoma: Alternative patterns with increased or decreased ex-

pression of c-myc and its regulated genes. Proc Natl Acad Sci

USA 99:8886-8891, 2002

36 Yano T, Jaffe ES, Longo DL, Raffeld M: MYC rearrangements in

histologically progressed follicular lymphomas. Blood 80:758-

767, 1992

37 Lossos IS: Molecular pathogenesis of diffuse large B-cell lym-

phoma. J Clin Oncol 23:6351-6357, 2005

38 Streubel B, Chott A, Huber D, Exner M, Jäger U, et al.:

Lymphoma-specific genetic aberrations in microvascular endothe-

lial cells in B-cell lymphomas. N Engl J Med 351:250-259, 2004

39 Shiozawa E, Yamochi-Onizuka T, Yamochi T, Yamamoto Y,

Naitoh H, et al.: Disappearance of CD21-positive follicular den-

dritic cells preceding the transformation of follicular lymphoma:

Immunohistological study of the transformation using CD21, p53,

Ki-67, and P-glycoprotein. Pathol Res Pract 199:293-302, 2003

40 Kiaii S, Clear AJ, Ramsay AG, Davies D, Sangaralingam A, et al.:

Follicular lymphoma cells induce changes in T-cell gene expres-

sion and function: potential impact on survival and risk of trans-

formation. J Clin Oncol 31:2654-2661, 2013

41 Lorsbach RB, Shay-Seymore D, Moore J, Banks PM, Hasserjian

RP, et al.: Clinicopathologic analysis of follicular lymphoma oc-

curring in children. Blood 99:1959-1964, 2002

42 Cong P, Raffeld M, Teruya-Feldstein J, Sorbara L, Pittaluga S, et

al.: In situ localization of follicular lymphoma: description and

analysis by laser capture microdissection. Blood 99:3376-3382,

2002

43 Jegalian AG, Eberle FC, Pack SD, Mirvis M, Raffeld M, et al.:

Follicular lymphoma in situ: clinical implications and compari-

sons with partial involvement by follicular lymphoma. Blood

118:2976-2984, 2011

44 Roulland S, Navarro JM, Grenot P, Milili M, Agopian J, et al.:

Follicular lymphoma-like B cells in healthy individuals: a novel

intermediate step in early lymphomagenesis. J Exp Med 203:2425-

2431, 2006

45 Roulland S, Lebailly P, Lecluse Y, Heutte N, Nadel B, et al.:

Long-term clonal persistence and evolution of t(14;18)-bearing B

cells in healthy individuals. Leukemia 20:158-162, 2006

46 Yoshino T, Miyake K, Ichimura K, Mannami T, Ohara N, et al.:

Increased incidence of follicular lymphoma in the duodenum. Am

J Surg Pathol 24:688-693, 2000

47 Kodama M, Kitadai Y, Shishido T, Shimamoto M, Fukumoto A,

et al.: Primary follicular lymphoma of the gastrointestinal tract: a

retrospective case series. Endoscopy 40:343-346, 2008

48 Takata K, Okada H, Ohmiya N, Nakamura S, Kitadai Y, et al.:

Primary gastrointestinal follicular lymphoma involving the duode-

nal second portion is a distinct entity: A multicenter, retrospective

analysis in Japan. Cancer Sci 102:1532-1536, 2011

49 Takata K, Sato Y, Nakamura N, Kikuti YY, Ichimura K, et al.:

Duodenal and nodal follicular lymphomas are distinct: the former

lacks activation-induced cytidine deaminase and follicular den-

dritic cells despite ongoing somatic hypermutations. Mod Pathol

22:940-949, 2009

50 Takata K, Sato Y, Nakamura N, Tokunaka M, Miki Y, et al.:

Duodenal follicular lymphoma lacks AID but express BACH2 and

has memory B cell characteristics. Mod Pathol 26:22-31, 2013

Pathology of FL

9


