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Follicular Lymphoma

Morphology:Follicular proliferation of
centrocytes and centroblasts associated

with follicular dendritic cells

Immunophenotype: D20+, CD19+,
CD7/79a+

IgM, 1gG, IgA
CD10+, CD5-
Bcl-2+, BCL-6+

Genetics:IGH/BCL2rearrangement
t(14,18); somatic mutations of VH

Clinical: Adults, indolent course but generally incurable
Most patients present with advanced stage disdébeé A



Germinal Center

Forms upon exposure to antigen

B-cells undergo rapid proliferation
and expansion

IgH genes undergo somatic
hypermutation to produce antibody ¢
Increased affinity

IgH class switching and receptor
editing

Cells that fail to produce favorable
antibody are eliminated via apoptosi

Cells producing favorable antibody

leave GC to become plasma cells or

memory B cells
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Germinal Center Events Iin B-cell differentiation
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Evidence for Somatic Mutation In
Follicular Lymphoma

 Meeker et al. N Engl J Med, 1985

— Emergence of idiotypic variants during
treatment with anti-idiotypic ab

—Was somatic mutation driven by therapy?

e Raffeld et al. N Engl J Med, 1985

— Alteration of idiotype in FL occurred
spontaneously

— Secondary to somatic mutation
— Physiological, not iatrogenic

 Reason for frequent false negative results
by IgH PCR — up to 50%



Follicular Lymphoma is only one of many GC Neoplasm
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Follicular Lymphoma



Follicular Lymphoma
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Follicular Hyperplasia




Tsujimoto, Croce Gaulard, Maso
Science 1985 AJP 1992

Follicular lymphoma Germinal Center
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BCL6 reactive GC

BCLG follicular lymphoma




Light chain restriction in follicle but not in mdetcuff




Paraffin Section Immunohistochemis
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Follicular lymphoma — Signet Ring cell variant










Cytological Grading
of Follicular Lymphoma




Follicular Lymphoma Grading

(WHO 2001)
Grade 1 < 5 centroblasts/ hpf
Grade 2 5-15 centroblasts/ hpf
Grade 3A > 15 centroblasts/ hpf

centrocytes still present

Grade 3B Centroblasts In solid sheets

centrocytes absent




Follicular Lymphoma Grading

(WHO 2008)
Grade 1 < 5 centroblasts/ hpf
Grade 2 5-15 centroblasts/ hpf
Grade 1-2 need not be distinguished
Grade 3A > 15 centroblasts/ hpf

centrocytes still present

Grade 3B Centroblasts In solid sheets
centrocytes absent



Cytological Grading of FL

Historical

basis for grading was empiric

— Not established by objective data

Major pro
reproduci

plem has been lack of
pility among pathologists

Most stuc

les show a difference in natural

history and overall survival among different
cytological grades in FL

Long-term significance of grade Is
controversial



Do not count FDC nuclei as centroblasts




CD21 - FDC




Large Centrocytes are still Centrocytes




Grade 2 FL




MIB-1/ KI-67 Is a useful tool




KI-67




BCL2 protein loss




Impact of high proliferative rate in Grade 1-2 FL

Follicular lymphoma
with Blastoid features

Cells are small, but with
dispersed chromatin
resembling blasts

High proliferative rate
with Ki-67, and more
aggressive clinical
course

Do not diagnose as
Follicular Grade 1-2

Wang et al AJSP 2005



Follicular lymphoma Grade 3B

Bosga-Bouwer & Poppema; Ott, Katzenberger & Muller-Hermelink
(2000-2006)

 Most FL3B contain diffuse areas, equivalent
to DLBCL

 Most cases are negative for Bcl-2
 Most cases are negative for IGH/BCL2

High incidence of BCLG6 translocation or other
aberrations of 3927 region - the most
common genetic abnormality of DLBCL



Follicular Lymphoma 3B

Closely related to DLBCL, .. but for the time beisgjll FL




Follicular Lymphoma expressing
MUM1/IRF4 & lacking CD10

Karube et al. 2007, 2008

Usually high grade, Grade 3A or 3B
Negative for IGH/BCL2 (only 5%)

BCLG6 translocation or amplification
common

Often with diffuse areas

More aggressive clinical course, patients
are frequently elderly



Follicular lymphoma 3B




MUM1/IRF4

CD10




Follicular Lymphoma Grading
unchanged in WHO 2008

Growth Pattern

— > 75% follicular
— 25-75% follicular
— < 25% follicular

Clinical significance of pattern not clear in
Grade 1-2

Older studies suggested that diffuse pattern
was only important in higher grade lesions

Any diffuse area in a Grade 3 A/B FL should be
diagnosed as diffuse large B-cell lymphoma



The IPI has a significant impact on follicular
lymphoma outcome independent of
histological grade (Blood 1997)

IPl: age, performance status, stage, # of extranodal sites, serum LDH




Historical Evidence for the Importance of
the Host Immune Response in FL

Follicular lymphoma waxes and wanes

Spontaneous remissions observed,
sometimes after acute viral illness

Rapid and sometimes lasting responses
seen after vaccine therapy

Evidence of an Immune response In
responders rx with anti-idiotype, but not in
non-responders



Impact of the Immune Response on Survival in FL

Immune response 1
associated with good
prognosis is enriched
for genes expressed
in PB T-cells

Immune response 2
associated with poor
prognosis is enriched
for genes expressed
in PB monocytes

Dave et al. N EnglJ Med, 2004




Prognostic significance of host immune gene polymorphisms
In follicular lymphoma survival

Cerhan et al. Blood Feb 07 epub IL8, 1L2, IL12B, IL1RN




Prognosis in follicular lymphoma is multifactorial ...

Like the weather, use

Proliferation index/ grade
Stage/ IPI

Host Immune system

.. 2°genetic changes, etc.

all available data to assess risk ....




What and where are the earliest events FL?




Follicular Lymphomagenesis

Mistake in VDJ ‘ Pre-B cell with t(14:18)
rearrangement arising from bone
l marrow

0O g

Home to lymph nodes
Seed follicles

Spread to other lymph nodes



In Situ Follicular Lymphoma







PCR analysis of BCL2+ cells dissected
from In situ follicular lymphoma

e Clonally rearranged IgH genes - common
clone in all + follicles

—In contrast to BCL-2 negative follicles
which are polyclonal

e Positive for BCL2/JH translocation by PCR

—BCL-2 negative follicles lack the
translocation




“In Situ” Follicular lymphoma

23 Cases, Median age 52.5
— original series (2002)

Incidence estimated at 5% of all reactive
LN biopsies

2007: 49 cases cumulative

Sometimes seen In sporadic association

with other B-cell ymphomas & classical
Hodgkin's lymphoma (11 patients)




Clinical Correlations

e 30% Co-existent FL at another site

e 15% FL developed 3-72 mos from
original biopsy showing “in-situ” FL

e 55% No evidence of FL
— Median follow-up 16 months (6-144 mos.)




BCL2/IGH In Healthy Individuals

(Limpens et al. 1991; Roulland et al. 2006)

« BCL2/IGH is found In peripheral blood of up to
70% of normal adults

— Numbers increase with age
— Numbers increase with pesticide use in farmers

« BCL2/IGH + B-cells are not naive B-cells
— Memory B-cells, Class switched
— Have encountered the germinal center reaction
— Prone to intense trafficking among germinal centers



Follicular Lymphoma

e BCLZ2/IGH translocation

— Postulated to occur as a mistake in V(D)J
recombination in a pre-B-cell during normal early B-
cell differentiation

— Thus, the t(14,18) is thought to arise in a naive B-
cell

— However, the circulating cells t(14,18) + cells in
healthy individuals have already encountered the
germinal center reaction, and are not naive B-cells






Cong et al. Blood, 2002

* Bcl-2 immunohistochemistry Is a
sensitive tool for diagnosis of early FL

* FL B-cells home to & require the
germinal center environment

* Lack of progression in some patients
suggests BCL2/JH is necessary but
not sufficient for neoplastic
transformation

-Second hit may be required

Partial involvement of lymph nodes by FL also occurs,
And may be difficult to distinguish from “in situ” or early FL




Primary FL of the Intestine
(Yoshino 2000; Poggi 2002; Bende 2003)

Phenotypically and genetically similar to
nodal FL (BCL2/JH)

Commonly present in duodenum
— other sites in distal small bowel

Superficial polypoid lesions in mucosa

Express homing receptor found on
Intestinal lymphocytes (a4b7 integrin)

Local recurrences without dissemination
- another type of in situ FL






What are the late
events in FL evolution?




Transformation of Follicular Lymphoma

Diffuse large B-cell lymphoma

“Burkitt’-like lymphoma (Double-hit cases)

— Intermediate between DLBCL and Burkitt lymphoma
(WHO 2008)

Pre-B lymphoblastic lymphoma leukemia
Classical Hodgkin's lymphoma

— Composite, Metachronous, or Synchronous

— Provided early evidence for a B-cell origin for Hodgkin’s
lymphoma



2° Genetic Events in Follicular Lymphoma

e P53 mutations (Sander,1993) 35 %

— A common event associated with
transformation to DLBCL

— Associated with p53 protein expression
 pl16, pl15 (9p21) (Elenitoba-Johnson, 1998) 30-50%

— Homozygous deletions associated with
transformation to DLBCL

e C-mycC 10%

— May be seen In “Burkitt-like” &
lymphoblastic transformations



P53 mediated transformation of follicular lympho




DLBCL Transformation of follicular lymphoma, p53




2° Genetic Events in Follicular Lymphoma

e p53 mutations 35 %

— A common event associated with
transformation

— Assoclated with p53 protein expression
e pl16, pl15 (9p21) 30-50%

— Homozygous deletions associated with
transformation

e C-mycC 10%

— May be seen In “Burkitt-like” &
lymphoblastic transformations



Bcl-2

B-cell lymphoma with dual MYC and BCL2 translocation
Very poor clinical outcome




Dave NEJM 2006

Aggressive B-cell lymphomas with Double-Hit Segregate with Burkitt Lym




Lymphoblastic Transformation of FL
(de Jong et al 1988; Kobrin et al 2006)

* Precursor B-cell phenotype, TdT +

— Bone marrow and PB involved with clinical
picture of ALL

e Clonally related to original FL t(14,18)

e Follicular lymphoma (low grade) may
persist focally in BM or LNs



Lymphoblastic Relapse of Follicular Lympho







Follicular Lymphoma &
Histiocytic or Dendritic Cell Sarcoma

A new type of FL transformation
Feldman et al. Blood 2008

8 patients with follicular lymphoma and
histiocytic or dendritic cell sarcomas

— 0 to 12 year interval from FL

 Histiocytic/ Dendritic cells are clonally
related to FL in all 8 cases

— ldentical IgH gene rearrangement
— BCL2/IGH by FISH







Fusion of BCL2/JH Signal in Histiocytic/Dendritic Cell Tumors




Histiocytic Sarcoma in Follicular Lymphoma

Lymphoid
stem cell

FL
B-cell TCRg

1 T-cell
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macrophage + BCL2/JH
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Transdifferentiation In Normal Cells &
Hematolymphoid Malignancies

e Cells can be reprogrammed into
lymphoid, monocytic, and dendritic cell
lineages

 May occur In cells already showing
commitment to B-cell or T-cell
differentiation

 Mediated through alterations in
transcription factors



« Mature B cells can be “reprogrammed”
Immunophenotypically and functionally into
macrophages
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Transformations of Follicular Lymphoma

e Diffuse large B-cell lymphoma

e Burkitt lymphoma

* Pre-B lymphoblastic lymphoma leukemia
e Classical Hodgkin's lymphoma

e Histiocytic / dendritic cell sarcoma



Clinical variants of Follicular Lymphoma or ...
Not everything that looks like follicular lymphoma
IS follicular lymphoma




Pediatric Follicular Lymphomas

Rare lymphoma subtype in children (1-2%)
— Tonsils, nasopharynx, Gl tract, testis
— Uncommonly Nodal

Male >> Female
85% localized, Stage | or |l
75% complete remissions with low relapse rate

Bcl-2 usually negative- both protein & BCL2/JH

e A different disease at the molecular and clinical
levels



Pediatric Testicular Follicular Lympho




21 y.o. male with occipital LN







BCL2

CD10




MIB-1 lacks the polarized orderly pattern of GC




Differential Diagnosis of Pediatric-type
of Follicular Lymphoma

e Clonal B-cell populations In reactive
hyperplasia, CD10+ (Kussick AJCP 2004)

—Young males, ages 8-28
— Isolated nodes or tonsil, benign outcome
— Clonal B-cell populations detected by flow and PCR
« Pediatric-type nodal marginal zone lymphoma
(Taddesse-Heath AJSP 2003)
— Also male predominance
— Isolated lymph nodes

— Follicles show PTGC-like changes with expansion of
B-cells in interfollicular areas
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CD20




Primary Cutaneous Follicular Lymphoma

Usually presents without nodal disease
Most common on head/face and upper trunk

Excellent prognosis with local therapy, even for
“large cell” cytologies

Generally negative for BCL2 protein &
BCL2/JH

e A different disease at the molecular and
clinical levels

 Terminology changed to cutaneous follicle
center lymphoma in WHO/EORTC (2005)






Cutaneous follicle center lymphom







Usually a predominance of large centrocytes




Follicular Lymphoma (WHO 2008)

Follicular lymphoma

Grades 1-2, 3A, 3B
In situ follicular lymphoma
Intestinal follicular lymphoma

Pediatric follicular lymphoma
Primary cutaneous follicle center
ymphoma




Follicular Lymphoma
(WHO 2008)

Follicular lymphoma
Grades 1-2, 3A, 3B

In situ follicular lymphoma
Intestinal follicular lymphoma

Pediatric follicular lymphoma
Primary cutaneous follicle center lymphoma



