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1. Introduction 

Follicular lymphoma (FL) is an indolent lymphoid neoplasm that is derived from mutated 
germinal center B cells and exhibits a nodular or follicular histologic pattern. It is typically 
composed of a mixture of small, cleaved follicle center cells referred to as centrocytes and 
large noncleaved follicular center cells referred to as centroblasts. FL  accounts for about 20 
% of all lymphomas with the highest incidence in the USA and Western Europe. In Asia and 
in the developing countries the incidence is much lower [1].  

2. The cell of origin of follicular lymphoma 

The current theory that tumors are derived from mutated stem cells called cancer stem cells 
was suggested because stem cells and some cancer cells share self-renewal and 
differentiation capacities [2-4]. Although this hypothesis was postulated in early reports [5-
7],definite proof of their existence came from recent studies in leukemia, where among the 
complete tumor cell population only a small subset of cells could initiate, regenerate and 
maintain the leukemia after transplantation into immunocompromised mice [8,9].Using 
similar functional approaches, a variety of cancer stem cells have been identified in an 
increasing number of epithelial tumors, including breast, prostate, pancreatic and head and 
neck carcinomas [10].Despite these outstanding discoveries in leukemias and solid tumors, 
the existence of lymphoma-originating cells with stem cell properties that may similarly 
generate lymphoma upon mutation remains a controversial and largely unexplored issue 
[11]. Recently, it has been proposed that commited lymphoid progenitors/precursor cells 
with an active V-D-J recombination program are the initiating cells of follicular lymphoma 
when targeted by immunoglobulin-gene translocations in the bone marrow. However, these 
pre-malignant lymphoma initiating cells cannot drive complete malignant transformation, 
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requiring additional cooperating mutations in specific stem cell programs to be converted 
into the lymphoma originating cells able to generate and sustain lymphoma development 
[12]. 

3. Clinical aspects of follicular lymphoma 

Signs and Symptom 

Follicular lymphoma mainly affects older adults. The average age at diagnosis is about 55. 
Men and women are nearly equally affected. Follicular lymphoma is a slow-growing disease 
with minor warning signs that often go unnoticed for a long time  before it is diagnosed.  
The disease is often advanced before a diagnosis is made. Most individuals are diagnosed in 
stage III or IV. However, even in advanced stages there is no immediate threat to life. The 
disease has a "waxing and waning" course, meaning that it flares up and regresses a number 
of times over years. 

The first sign of the condition is often a painless swelling in the neck, armpit or groin that is 
caused by enlarged lymph nodes. However the majority of patients initially present with 
disseminated disease that follows a relatively indolent clinical course. Patients with 
follicular lymphoma typically present with superficial lymph nodes of small to medium 
size. All common superficial territories can be involved by the disease. 

In some patients, the first symptoms are more insidious and related to the slow growth of 
lymph nodes in deep areas, usually in the infradiaphragmatic territories such as the 
retroperitoneum, the mesenteric, or the iliac areas. In those cases, patients may complain of 
atypical symptoms while the tumor bulk can be important, with single or confluent lymph 
nodes. Primary mediastinal involvement is uncommon, as well as isolated splenic 
enlargement[13]. Other symptoms may include loss of appetite and tiredness. The general 
status of the patient is usually preserved, Some people have night sweats, unexplained high 
temperatures and weight loss. These are known as B symptoms. Others have an altered 
performance status. 

Primary involvement of extranodal areas is also very uncommon[14]. The bone marrow is 
involved in 50% to 60% of the cases. Follicular lymphoma can arise in the gastrointestinal 
(GI) tract, predominantly in the duodenum or the small intestine, [15,16]. where it can 
eventually represent the unique site of disease. Lymphoma infiltration may be unifocal or 
multifocal[13]. The new World Health Organization–European Organization for Research on 
Treatment of Cancer (WHO-EORTC) cutaneous lymphoma classification recognizes an 
entity called "primary cutaneous follicle center cell lymphoma" that includes what was 
previously known as "cutaneous follicular lymphoma variant" in the WHO classification. 
[17]. Other follicular lymphomas that may be considered as peculiar entities with a distinct 
behavior are those involving the testis  [18]  and the rare cases of follicular lymphoma 
encountered in children [19]. 

Follicular lymphoma is characterised by response to treatment with disease-free or 
asymptomatic disease intervals, alternating with recurrence/progression and may 
transform to aggressive lymphoma at a rate of around 3% per year [13]. This feature is 
usually—but not systematically—associated with a poor outcome [20].The clinical factors 
associated with the risk of transformation (as well as the biology underlying this 
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phenomenon) are not fully characterized. Some reports indicated that early treatment and 
achievement of a complete response after the first-line therapy were associated with a lower 
risk of transformation in patients with follicular lymphoma [21]. 

4. Clinical prognostic factors  

Several prognostic parameters for follicular lymphomas were identified in the last two 
decades, that led to the development of some prognostic indexes. The International 
Prognostic Index developed for aggressive lymphomas was also found to be able of 
predicting the outcome for patients with follicular lymphoma, but the proportion of patients 
in the higher-risk categories was usually limited. [13] 

The first prognostic system specific to follicular lymphoma was developed by the Italian 
Lymphoma Intergroup (ILI) in the late 1990s [22]. Currently, the Follicular Lymphoma 
International Prognostic Index (FLIPI) [23] is deemed to be more applicable across a range of 
clinical settings . Both systems were developed prior to the introduction of monoclonal 
antibody therapy, which has profoundly changed the treatment and outcome of follicular 
lymphoma [24]. Hence, the FLIPI-2 was recently developed, in a prospective series of 
patients needing treatment, using parameters which were not previously amenable to 
retrospective analysis, and may represent a promising new tool for the identification of 
follicular lymphoma patients with different risk profiles in the era of immunochemotherapy 
[25].  

The description of the Follicular Lymphoma International Prognostic Index (FLIPI) 

represents an important step in identifying patient subgroups with predictable outcome and 
comparing the results of clinical trials. Analyses of gene expression profiles or constitutive 

gene variations may also provide additional insights for prognostication in the near future. 
Furthermore, these data underline the complex interactions between the tumor cells and 
their microenvironment; recent attempts to translate these findings with 
immunohistochemical studies remain unable to robustly predict patient outcome. The 

therapeutic strategies in follicular lymphoma have been transformed by monoclonal 
antibodies, used alone or in combination with chemotherapy. Treatment options should be 
adapted to the clinical features at diagnosis and appear to be able to modify the overall 

survival of some subgroups of patients. Further efforts may focus on strategies that can alter 
the natural history of this disease [13].   

5. Treatment 

There is a general consensus that the natural history of advanced stages of low-grade or 
indolent lymphoma has not changed for the last 30 years. Patients with advanced stages of 
indolent non-Hodgkin's lymphoma have been treated for many years with various 
approaches, including deferred initial therapy (watch and wait), single-agent alkylating 
agents, radiation therapy, combination chemotherapy, and autologous stem-cell 
transplantation. Unfortunately, it has been impossible to demonstrate that the long-term 
prognosis for these patients has significantly changed with any these treatment options [26]. 

The decision to start first-line treatment depends not only on the stage but also on the 
symptoms of the disease [27].According to The Swiss Group for Clinical Cancer Research 
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(SAKK) trials  at least one of the following signs is present in order to start treatment: B 
symptoms; symptomatic enlarged lymph nodes or spleen; steady, clinically significant 
progression of lymphadenopathy, splenomegaly or other follicular lymphoma lesions 
documented by a 50% increase in size over a period of at least 6 months; involvement of at 
least 3 nodal sites (>3 cm), bulky disease (>7 cm), haemoglobin <10g/dL, and platelets <100 
x 109/L due to bone marrow infiltration or splenomegaly [28]. 

Inspite of encouraging early results [29],there is still no solid data to confirm that early 
treatment with rituximab significantly delays the need for new therapy,and  whether this 
approach may alter the natural history of the disease and there is also conflicting results 
Whether early treatment of follicular lymphoma is associated with a decreased risk of 
transformation [27]. 

Horning [30],reported the results of sequential treatment studies conducted at Stanford 
University from 1960 to 1991. Median survival times have ranged from 7 to 10 years, and the 
OS for each group of studies was overlapping. Indolent lymphoma is generally considered 
incurable because no plateau in the survival curve has been demonstrable. However, the 
development of monoclonal antibodies (MoAbs) has revolutionized the treatment of 
patients with follicular lymphoma [26]. 

Many trials utilizing different protocols of combination chemotherapy plus rituximab,eg. 
CVP [31],  CHOP [32,33]   concluded that OS for patients with follicular lymphoma has 
improved over time and that the choice of initial therapy may matter. Sacchi et al 
[34],concluded that  FFS and OS have significantly improved in advanced-stage follicular 
lymphoma patients treated on GISL(  Gruppo Italiano Studio Linfomi) protocols during the 
last 18 years. These improvements are related to evolving front-line and salvage therapies, 
particularly the introduction of rituximab in combination with chemotherapy  

For patients needing therapy, most patients are treated with chemotherapy plus rituximab, 
which has improved response rates, duration of response, and overall survival. Randomized 
studies have shown additional benefit for maintenance rituximab both following 
chemotherapy-rituximab and single agent rituximab [35]. Rituximab maintenance for up to 
2 years has a favorable side effect profile and, based on a systematic meta-analysis, 
substantially prolongs PFS and OS in relapsed disease even after antibody-containing 
induction in patients who have not received antibody as first-line therapy [36]. 

Stem cell transplantation (SCT) including both autologous and allogeneic SCT or 
experimental agent therapy is considered for recurrent disease [35]. 

In the small proportion of patients with limited non-bulky stages I–II, radiotherapy 
(involved or extended field, 30–36 Gy) is the preferred treatment having a curative potential 
[37]. However, In selected cases a watchful waiting may be discussed to avoid the side 
effects of radiation [38]. Radioimmunotherapy or chlorambucil plus rituximab remains an 
alternative in patients with low risk profile or contraindications for a more intensive 
chemoimmunotherapy [39,40]. 

Therfore, the therapeutic strategies in follicular lymphoma have been transformed by 
monoclonal antibodies, used alone or in combination with chemotherapy. Treatment 
options should be adapted to the clinical features at diagnosis and appear to be able to 
modify the overall survival of some subgroups of patients. Further efforts may focus on 
strategies that can alter the natural history of this disease [13]. 
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6. Cytomorphology of follicular lymphoma 

Follicular NHLs are characterized by a follicular growth pattern , but a diffuse area may also 
be present. The follicles of follicular lymphoma were more closely packed together, more 
monotonous in size and shape, and frequently lacked an obvious mantle zone [41].  

These follicles contained a comparatively monomorphic cellular phenotype, mostly of 
centrocytes (small cells with cleaved nuclei) and occasional centroblasts (large cells with 
multilobated nuclei and multiple nucleoli). Mitotic figures were fewer than in reactive 
follicular hyperplasia (RFH) and tingible body macrophages were sparse or absent. 
Polykaryocytes were not observed in RFH or follicular lymphoma and sclerosis was only 
focally present to a minimal degree [42].  

The distinction of FL from RFH is essential, as the latter represents a benign condition [43].A 
number of morphological features are of value in making this distinction; in particular, a 
low density of follicles per unit area, The follicles are separated by wide interfollicular areas 
with prominent mantle zones. The variably sized follicles were composed of a polymorphic 
population of lymphocytes, dendritic cells, and tingible body macrophages that imparted 
a“starry sky” pattern. Mitotic figures were conspicuous. The presence of polarity within 
follicles and the lack of a monomorphic appearance within the follicles all favor RFH [42].  

7. Immunophenotype 

Being  a  mature  B-cell  lymphoma,  FL  express  a  large spectrum  of  B-cell  markers,  such  
as  CD20,  CD19,  CD22,  CD79a, and Pax51 [44].  

FL cells express antigens of the germinal center including CD10 and Bcl-6. Most cases of FL 
express Bcl-2 protein which is highly correlated with the presence of the t(14;18) but may be 
expressed in cases with a clonal karyotype lacking the t(14;18) [45].  

The follicles of RFH and follicular lymphoma stained positively for the B cell marker CD20 
which highlight the difference in the width of the interfollicular region between the follicles. 
In RFH, T cells were predominantly located in the interfollicular zones but also lightly 
percolated throughout the center of the follicles, demonstrated by T cell marker CD3. CD5 
stained T cells are in a nearly identical pattern. T cells stained positively for CD3 and CD5 in 
follicular lymphoma located within the interfollicular zones. The latter also displaying a 
more prominent spillover of CD20-positive cells than in RFH [42].  

Follicles in both RFH and follicular lymphoma were positive for BCL-6. BCL-2 staining 
revealed that the follicular centers in RFH were negative and those in follicular lymphoma 
were positive. CD10 staining was positive for both RFH and follicular lymphoma but 
showed a greater interfollicular staining in follicular lymphoma [41].  

Some cases of both RFH and follicular lymphoma manifested a vague follicular architecture 
that is difficult to detect. In these cases, CD23, a dendritic cell marker, outlined the follicles 
of RFH more clearly by disclosing a scaffolding or a cluster of interconnecting cells with 
elongated cytoplasmic processes. Follicular lymphoma manifested the same pattern of CD23 
staining. Ki-67, a marker for cellular proliferation, showed dense positivity that was 
polarized (unevenly distributed or centered at one edge of the follicle) within RFH follicles. 
In contrast, follicular lymphoma demonstrated a more diffuse, evenly distributed staining 
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pattern within the follicular centers. Polyclonality was evident in RFH, with in situ 
hybridization revealing roughly equal populations of both kappa and lambda light chains. 
In follicular lymphoma rare cells stained positive for kappa or lambda [42].    

 

 

 
Fig. 1. Histopathological and immunohistochemical characterization of reactive lymphoid 
hyperplasia and follicular lymphoma.(Top left) Hematoxylin-eosin staining demonstrates 
follicles in reactive lymphoid hyperplasia (RLH) (inset). The follicles are composed of small 
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cells with mitotic figures and tingible body macrophages (arrow). (Top right) Hematoxylin-
eosin-stainedsection of follicular lymphoma shows mostly small centrocytes with cleaved 
nuclei and an occasional centroblast (arrow) with a large nucleus and peripheral nucleoli. 
Inset shows the closer, less well-defined arrangement of several follicles. (Middle left) CD20 
stains B cells within the follicles of RLH. The inset indicates the substantial width of the 
interfollicular zones. (Middle right) CD20 also stains the B cells in the follicles of follicular 
lymphoma; the close arrangement of the follicles can again be appreciated in the 
inset.(Bottom left) CD3 stains T cells in the interfollicular zones (inset); the T cells can also be 
seen percolating throughout the folliclesof RLH. (Bottom right) Follicular lymphoma 
manifests nearly identical CD3 staining, with CD3_ cells prominent in the interfollicular 
zones (inset) as well as scattered within the follicles. (Top left and top right, hematoxylin-
eosin, 400, insets, 25;Middle left through Bottom right, immunoperoxidase reactions, 
diaminobenzidine chromogen, 200, insets 25) [42].   
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Fig. 2. Immunohistochemical characterization of reactive lymphoid hyperplasia and 
follicular lymphoma. (Top left) BCL-6stains B cells within follicles of reactive lymphoid 
hyperplasia (RLH). (Top right) Follicles of follicular lymphoma are also positivefor BCL-6. 
(Middle left) The follicles of RLH are negative for BCL-2. (Middle right) Follicles of follicular 
lymphoma are positivefor BCL-2. (Bottom left) Follicles in RLH are positive for CD10. 
(Bottom right) Follicles (F) of follicular lymphoma are also positive for CD10 but with more 
interfollicular staining than RLH. (Immunoperoxidase reactions, diaminobenzidine 
chromogen,200) [42].   

8. Follicular lymphoma—How many grades?  

The grading of FL was the subject of spirited discussion, both among the authors and the 
participants in the Clinical Advisory Committee. FL has traditionally been graded according 
to the proportion of centroblasts and into three Grades, 1-3 as detailed:  

World Health Organization classification of follicular lymphoma (FL).  

Follicular Lymphoma: Grading & Variants  

Grade 1: 0–5 centroblasts/HPF  
Grade 2: 6–15 centroblasts/HPF  
Grade 3: > 15 centroblasts/HPF  

3a: > 15 centroblasts, but centrocytes are still present  
3b: centroblasts form solid sheets with no residual centrocytes [46].  

Variants:  

Primary cutaneous follicle center lymphoma  
Pediatric follicle center lymphoma  
Intestinal follicle center lymphoma  
Diffuse follicle center lymphoma  
Grade 1, 0–5 centroblasts/HPF  
Grade 2, 6–15centroblasts/HPF[43]  

Pediatric FL lacking an association with the t(14;18). Primary cutaneous follicle center 
lymphoma (PCFCL) may contain a high proportion of large B-cells including large  
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Fig. 3. Further immunohistochemical characterization of reactive lymphoid hyperplasia 
(RLH) and follicular lymphoma. (Topleft) CD20 densely stains this region of RLH without 
obvious follicular architecture. (Top right) CD23 highlights the dendritic cell scaffolding of 
the follicles in an adjacent section. The inset shows a similar dendritic architecture 
broughtout by CD23 in follicular lymphoma. (Bottom left) Ki-67 stains cells within follicles 
of RLH in an uneven distribution; staining is crescentic and more dense at the bottom of the 
follicle. (Bottom right) Follicular cells in follicular lymphoma are more evenly and diffusely 
positive for Ki-67.(Immunoperoxidase reactions, diaminobenzidine chromogen, 200, inset, 
25) [42].   

centrocytes and centroblasts. Evidence of the t(14;18) is uncommon and most cases are BCL2 
negative. Dissemination beyond the skin is rare, and the prognosis is usually excellent [47].  

However, most studies have shown poor interobserver and intraobserver reproducibility. 
Moreover, the clinical significance of the separation of Grades 1 and 2 has been questioned, 
with minimal differences seen in long term outcome. Thus, the 2008 WHO classification 
lumps cases with few centroblasts as “FL Grade 1-2 (low grade)” and does not require or 
recommend further separation. FL Grade 3 is divided into Grades 3A and 3B, based on the 
absence of centrocytes in the latter category. Several studies have identified biological 
differences between these two subtypes, with most cases of FL Grade 3B being more closely 
related to DLBCL at the molecular level [47].  
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However, in clinical practice the separation of Grades 3A and 3B can be challenging. Diffuse 
areas in any Grade 3 FL should be designated as DLBCL (with FL) and are more commonly 
observed in Grade 3B. Further studies are likely to lead to more precise delineation of the 
Grade 3 cases truly belonging within FL and those representing an intrafollicular variant of 
the GCB (germinal center B cell) type of DLBCL.  

The presence of diffuse areas within a FL appears to confer more aggressive clinical 
behavior. In addition, unusual cytological variants can be encountered that are not included 
in the World Health Organization classification, including cases with large centrocytes and 
others with small centroblasts; in some cases the latter may resemble the cytomorphology of 
Burkitt lymphoma and may be associated with MYC oncogene translocations [43].  

A truly diffuse form of FL may be rarely encountered, but on closer inspection, most cases 
demonstrate vaguely follicular architecture that is underappreciated without the routine use 
of immunostains for follicular dendritic cells. When a diagnosis of true diffuse follicle center 
lymphoma is considered, the pathologist is encouraged to demonstrate co-expression of 
CD10 and Bcl-6 as well as presumptive evidence of the t(14;18). Approximately 10% of FL 
cases reveal the presence of a zone of cells resembling marginal zone B cells, immediately 
surrounding neoplastic follicles. Importantly, a residual benign mantle zone is not seen, 
helping to distinguish FL from a marginal zone lymphoma. The area of marginal zone 
differentiation within a FL takes on a distinct morphology with cells having moderate 
amount of pale cytoplasm; moreover, the immunophenotype is also different, with 
downregulation of CD10 and Bcl-6 expression by cells within the marginal zone 
compartment [48].  

Unresolved issues in FL pathology remain and to some extent contribute to problems with 
reproducibility. Diffuse areas in FL are often not identified, due to underutilization of 
follicular dendritic cell stains. Similarly, follicular areas in suspected de novo DLBCL are 
underappreciated. Variability in the cytology of cells within follicles contributes to 
inconsistent reporting of FL grade. Follicular dendritic are commonly misidentified as 
centroblasts, resulting in higher grade and, in general, there is poor interobserver 
reproducibility for the counting of centroblasts. All of these factors lead to inconsistencies in 
the diagnosis and grading of FL biopsies, and to some extent raise questions regarding the 
validity of grading and clinical decision making based on grade [43].  

Finally, a rare form of FL may be seen referred to as “in-situ” FL. In these uncommon cases, 
scattered malignant follicles are identified within lymph nodes revealing mostly benign 
features. The malignant follicles show typically more monomorphic germinal centres (GCs). 
GCs involved in intrafollicular neoplasia/in situ follicular lymphoma are composed mainly 
of centrocytes with no evident atypia. A feature of these centres is the relative absence of 
macrophages with tingible bodies and the absence of polarization into light and dark zones. 
The paucity of large centroblasts reflects their low proliferation rate in insitu FLs. 
Intrafollicular neoplasia/in situ follicular lymphoma is characterized by strong co-
expression of Bcl-2 and CD10 in the involved GCs [49].  

9. Fine needle aspiration cytology  

FNA is a useful tool for staging as well as evaluating recurrences in lymph nodes and extra 
nodal sites without subjecting patients to multiple excisional biopsies. Transformation can 
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occur in some lymph nodes while low-grade lymphoma persists in others. An advantage of 
FNA is the ability to sample multiple lymph nodes, whereas open biopsy of different 
anatomic sites is not feasible  

Grading FL is based on the proportion of centroblasts in neoplastic follicles; therefore, the 
ability to identify the various cellular components in a fine-needle aspirate is the first 
essential step to the grading process. In Papanicolaou stained preparations, centrocytes or 
cleaved follicular center cells are small to medium-sized cells with angulated, elongated, 
twisted, or cleaved nuclei with inconspicuous nucleoli and scant, pale cytoplasm.  

Centroblasts are at least two times larger than a lymphocyte and usually are round or oval 
but occasionally have indented, irregular, or even lobulated nuclei. There is a narrow rim of 
cytoplasm, often basophilic to amphophilic. A large and central nucleolus with chromatin 
clearing around it is characteristic of immunoblasts. In more typical centroblasts, the 
chromatin generally is vesicular with one to three prominent, often peripherally located 
nucleoli. The cells also may be hyperchromatic. Centroblasts tend to be more fragile and, in 
some preparations, may not be preserved well [50].  

It is important not to confuse centroblasts with follicular dendritic reticulum cells, which 
tend to aggregate within the center of the neoplastic follicles. Although dendritic cells have 
nuclei that are similar in size to centroblasts, the nuclei of dendritic cells are somewhat 
coffee bean-shaped with one side typically flattened and with fine, smooth nuclear 
membranes. The cytoplasm is indistinct, not basophilic, in contrast to that of centroblasts. In 
Papanicolaou-stained preparations, the chromatin is pale gray and finely granular with 
small, central, eosinophilic nucleoli. The cytoplasm of dendritic cells form long, dendritic 
processes that can be appreciated in cell blocks by IHC staining for CD21. Large cleaved 
cells also must be distinguished from centroblasts. Although there is an overlap in size with 
centroblasts, large centrocytes are more irregular in shape and lack the prominent nucleoli 
and chromatin pattern of centroblasts [50]  

When it comes to differentiating individual cells, cytologic preparations are superior to 
hematoxylin and eosin-stained histologic sections, although cytologic preparations typically 
are less informative about architecture.  

Cell blocks are complimentary to smears and provide additional architectural clues. The 
FNA process often aspirates intact follicular structures that can be appreciated in the cell 
block. The presence of intact follicles may be proven by special stains on sections of the cell 
block [50].  

10. Grade versus pattern  

All three grades of lymphoma can have varying proportions of follicular and diffuse areas. 
Grade 1 and 2 FL generally have a predominantly follicular pattern. Because they are better 
differentiated, they have retained the ability to recapitulate follicles [ 51].  

Grade 3 FL occurs less frequently than Grade 1 and 2 FL, and a pure follicular pattern in 
Grade 3 FL is even more unusual. In Grade 3 FL, the presence of diffuse areas is more 
common, and most (but not all) studies show that this finding is associated with a worse 
prognosis.  
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In Grade 1 and 2 FL, there is conflicting evidence regarding whether the presence of large, 
diffuse areas or the degree of nodularity may alter prognosis significantly.  

SO the WHO classification system recommends estimating the proportion of follicular and 
diffuse components in the pathology report  

- Follicular (75% follicular),  
- Follicular and diffuse (25–75% follicular),  
- Minimally follicular (25% follicular).  

Note, however, that the proportion of centroblasts within the neoplastic follicles is what 
determines the grade of a FL, not the degree of nodularity. Furthermore, the grade of FL, in 
combination with other clinical factors,ultimately is what influences treatment decisions 
[50].  

11. Cytogenetics of follicular lymphoma  

The t(14;18)(q32;q21) chromosome translocation represents the defining cytogenetic 
hallmark of FL and is encountered in 80%-90% of cases. Its molecular consequence is the 
juxtaposition of the B-cell lymphoma/leukemia 2 (BCL2) proto-oncogene with enhancer 
sequences of the immunoglobulin heavy chain gene (IGH) promoter region, thereby 
deregulating its expression and resulting in an overexpression of the BCL2 protein in the 
neoplastic follicles [52,53]. However, 10–15% of cases do not harbor the t(14;18)(q32;q21) and 
in these t(14;18)-negative cases, other mechanisms are thought to be involved in the 
pathogenesis [54]. Moreover, t(14;18)- positive B cells can be identified in the blood and 
lymphoid tissues of healthy individuals, and the number of t(14;18)-positive cells is 
influenced by gender, personal lifestyle and exposure to toxic substances [55].  

The BCL2 proto oncogene, a potent anti-apoptotic molecule, is expressed in resting B cells in 
the perifollicular mantle zone and in post-follicular B cells, thereby promoting long-lived 
follicular precursor and memory B cells. Germinal center B cells, however, physiologically 
lack BCL2 expression and undergo apoptosis unless they are selected by specific antigens 
that drive them into processes termed somatic hypermutation and class switching. Due to 
the lack of BCL2 expression, amongst other factors, the large bulk of B-cells entering the GC 
microenvironment will be removed by apoptosis. The constitutive overexpression of BCL2 
in germinal center B cells inferred by the t(14;18)(q32;q21) leads to an accumulation of 
inappropriately rescued B cells with a prolonged life span, allowing for the development of 
additional genetic hits to occur, that are required for the establishment of overt FL . Variant 
translocations of the t(14;18), such as the t(2;18) or t(18;22), juxtapose BCL2 to the loci of the 
immunoglobulin light chains (k,l) and, likewise, result in inappropriate and sustained BCL2 
expression in GC B cells [56].  

The occurrence of the t(14;18) in a pre-FL B cell can be viewed as a first hit in a multistep 
process that results in the clonal dysregulation of cell cycle control and apoptosis of the 
tumor cells. During process of lymphomagenesis, a number of additional genetic or 
epigenetic events occur in a non-random fashion that lead to overt FL .For example, 
constitutive expression of activation-induced cytidine deaminase (AID) in the GC 
environment in B cells overexpressing BCL2 may propagate continuous somatic 
hypermutation and class switch recombination activity that results in increased genomic 
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instability. This may, in turn, foster the occurrence of secondary oncogenic hits and, finally, 
result in the malignant transformation to overt FL [57].  

Cong and co-workers[58],described the phenomenon of what they termed follicular 
lymphoma in situ in otherwise reactive, hyperplastic lymph nodes possibly representing the 
morphological equivalent of early, pre-invasive FL.  

12. Secondary chromosomal aberrations in follicular lymphoma  

A number of secondary chromosomal alterations have been described in FL including: 
structural and numerical changes. The complexity of the secondary alterations correlates 
with the grade – the higher the grade, the more complex aberrations are usually 
encountered [59].  

It has long been recognized that these alterations occur in a non-random fashion. Partial 
trisomies of chromosomes 1q, 7, 8 and 18q, and deletions in 1p and 6q have been described 
as the most common secondary alterations, and deletions in the long arm of chromosomes 1 
and 6 and in the short arm of chromosome 17 have been associated with a worse prognosis 
[60]. Some of these alterations may occur early in the course of the disease, whereas others 
might represent late genetic events. In addition, some of the alterations are mutually 
exclusive, while alterations of other chromosomal regions frequently appear together 
possibly leading to a coordinated deregulation of genetic pathways [61].  

Some of the secondary chromosomal alterations may cancel the effect of the t(14;18) that 
initially forms a low-grade neoplasia with a follicular growth pattern and subsequently 
enable the transformation to highgrade lymphoma. This process has been associated with 
three distinct secondary genetic alterations in FL that have a profound impact on the 
biological program and the clinical course in FL. These include an additional introduction of 
a t(8;14)/MYC rearrangement in the tumor cells [62], the inactivation of TP53 by mutation 
and deletion and, finally, the inactivation of p16, frequently occurring by biallelic deletion 
[63].  

The occurrence of a secondary MYC rearrangement in FL deserves particular attention, 
because these cases frequently demonstrate a Burkitt-like appearance and may be detectable 
by virtue of this specific morphology in combination with an overexpression of the BCL2 
protein caused by the t(14;18) that is usually not encountered in classical Burkitt’s 
lymphomas. Some studies suggest that the detection of TP53 mutations in primary 
diagnostic specimens of FL without signs of transformation also characterizes a patient 
subgroup with worse prognosis [64].  

13. BCL2-negative follicular lymphoma  

From recent studies t(14;18)-negative FLs belong to the biologic spectrum of FL, but show 
distinct genetic features as well as gene expression and immunohistochemical profiles that 
differ from their t(14;18)-positive counterparts [65]. The t(14;18)-negative FL appears to 
harbor genetic rearrangements of the BCL6 gene in 3q27[66] or trisomy 3 [67] whereas 
others show BCL2 expression on the immunohistochemical level despite the lack of the 
t(14;18)[68]. Moreover, increased expression of IRF4/MUM1, a protein associated with 
plasma cell differentiation has been described in FL without BCL2 rearrangement [69].  
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14. Molecular genetics of follicular lymphoma 

Immunoglobulin heavy and light chains are rearranged in FL with the variable region genes 
showing extensive and ongoing somatic hypermutation [70, 71]. As a result of these 
mutations in the CDR-regions, PCR primer annealing may be hampered and depending on 
the primers used, immunoglobulin-PCR may not yield monoclonal products in a proportion 
of FL cases (10-40%). Multiplex PCR reactions using BIOMED-2 expanded primer sets detect 
closer to 90% of complete IGH (VH-JH) gene rearrangements, and clonality detection ap-
proximates 100% when primers detecting incomplete IGH (DH-JH) and light chain gene 
rearrangements are included [72]. 

For amplification of complete IGH (VH-JH) gene rearrangement, BIOMED-2 developed 
three sets of VH primers corresponding to the three VH FR regions (FR1, FR2, and FR3). 
Each set of primers consisted of six or seven oligonucleotides capable of annealing to their 
corresponding VH segments (VH1–VH7) with no mismatches for most VH segments. These 
VH primer sets were used in conjunction with a single JH consensus primer. The JH primer 
is fluorescently labeled to allow the detection of  PCR products by Gene Scanning [73].  

For incomplete IGH (DH-JH) rearrangements, seven family-specific DH primers were 
designed based on the high degree of homology within each DH family in combination with 
the consensus JH primer. Primers were designed such that crossannealing to other DH 
family segments would be minimal or preferably absent [73]. 

Six family-specific Vk primers were designed by van Dongen et al [73], to recognize the 
various Vk gene segments of the seven Vk families. The family-specific Vk primers were 
designed to be used in combination with either a set of two Jk primers or a Kde primer.A 
single consensus primer recognizing both Vλ1 and Vλ2 gene segments, as well as a Vλ3 
primer, were designed by van Dongen et al [73], in combination to a single consensus 
primer for the Jλ1, Jλ2, and Jλ3 gene segments.  

The t(14;18) and BCL2 gene rearrangements is one of the best characterized recurrent 
cytogenetic abnormalities in peripheral B-cell lymphoproliferative disease[74]  . FL is 
genetically characterized by this translocation which is present in up to 90% of the grade 1-2 
FL cases [75,76] but the proportion depends on the technique used [77, 78, 79]. BCL2 
rearrangements are much less frequent in grade 3B FL [80]. As a consequence of the 
translocation, the BCL2 gene (anti-apoptotic) from 18q21 is placed under the control of the 
strong enhancers of the IGH locus resulting in the deregulation of its normal pattern of 
expression [81,82]. The BCL2/IGH rearrangement is found in the PB of 25-75% of healthy 
donors, and also in reactive nodes, particularly if using sensitive nested or RT-PCR assays 
[83,84,85]. A recent study suggests that rather than being naive B-cells, these BCL2-re-
arranged cells are memory B-cells [86].  

There is no single gold standard detection strategy for the t(14;18), and a combination of 
cytogenetics and southern blotting have been generally used [87,88]. Interphase FISH 
detection strategies offer an applicable alternative that have the potential to pick up more 
translocations [89]. For molecular diagnostic laboratories PCR-based detection strategies 
offer rapid results, are generally applicable, and can be used for residual disease monitoring. 
However, the primers commonly used have not been designed to take into account recent 
information on the molecular anatomy of the breakpoints. As a consequence when 
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compared to gold standard approaches, PCR-based techniques only detect up to 60% of 
translocations, which seriously impairs the diagnostic capability of PCR. However, 
BIOMED-2 primers have been developed using three multiplex tubes for detection of MBR-
JH, 3'MBR- JH, and mcr-JH to maximize the detection of t(14;18) [73]. ). These data are 
supported by previous report  from our molecular hematology laboratory. We found that 
FISH was superior to PCR in the detection of t(14'18) (q32'q21)-IGH-BCL-2 in formalin-fixed, 
paraffin-embedded tissue samples. Moreover,  strong correlations between the FLIPI score 
and each of interphase FISH and  CD10 expression were demonstrated [90].   

Molecular profiling of many types of lymphoma using RQ-PCR and cDNA microarray has 
been used to predict survival by many researchers [91-94]. Genes involved in cell cycle 
control and DNA synthesis and metabolism (e.g. CXCL12, which is involved in signaling 
transduction and NEK2, which is involved in mitotic regulation, and MAPK1) are 
significantly up-regulated in the aggressive phase of FL[3]. MYC, as a known oncogene, and 
MYC-target genes (SFRS7, LDHA, MTHFD1, NME1, MSH2, and CKS2) are upregulated on 
transformation and may be implicated as a direct transforming factor [95-102].On the other 
hand, there is higher density of the T-cell infiltrate in low-grade FL as compared to high-
grade disease and this is reflected by several T cell–related genes (CD3, CD2, CD69). 
However, genes related to T-cell and macrophage activation including several chemokine 
receptors (CCR1, CCL3, CCL5, CCL8, AKAP12, ILF3, GEM) are significantly upregulated on 
transformation, suggesting an important biologic role. Notably, specific antagonists to 
several of the above-mentioned chemokine receptors are available and offer an attractive 
possibility for therapeutic interventions [103].  

15. Proposed algorithm for stratification of follicular lymphoma 

The National Comprehensive Cancer Network( NCCN)  has recently launched an algorithm  
for stratification of follicular lymphoma (Figure 4). 

 
Fig. 4. Proposed algorithm for stratification of follicular lymphoma (NCCN)  

www.intechopen.com



 
Hematology – Science and Practice 386 

16. References 

[1] Anderson JR, Armitage JO, Weisenburger  DD (1998): Epidemiology of the non-
Hodgkin's lymphomas: distributions of the major subtypes differ by  geographic 
locations. Non-Hodgkin's Lymphoma Classification Project. Ann Oncol9: 717-720. 

[2] Reya T, Morrison SJ, Clarke MF, Weissman IL. Stem cells, cancer, and cancer stem 
cells.Nature. 2001;414(6859):105-11. 

[3] Pardal R, Molofsky AV, He S, Morrison SJ.Stem cell self-renewal and cancer cell 
proliferation are regulated by common networks that balance the activation of 
proto-oncogenes and tumor suppressors. Cold Spring Harb Symp Quant Biol. 
2005;70:177-85. 

[4] Clarke MF, Fuller M. Stem cells and cancer(2006): two faces of eve. Cell (6):1111-5. 
[5] Bruce WR, Van Der Gaag H (1963): A Quantitative assay for the number of murine 

lymphoma cells capable of proliferation in vivo. Nature. 199:79-80. 
[6] Park CH, Bergsagel DE, McCulloch EA (1971).Mouse myeloma tumor stem cells: a 

primary cell culture assay. J Natl Cancer Inst.46(2):411-22. 
[7] Hamburger AW, Salmon SE (1977): Primary bioassay of human tumor stem cells. 

Science.1977;197(4302):461-3. 
[8] Lapidot T, Sirard C, Vormoor J, Murdoch B,Hoang T, Caceres-Cortes J, et al.(1994): A cell 

initiating human acute myeloid leukaemia after transplantation into SCID 
mice.Nature. 367(6464):645-8. 

[9] Bonnet D, Dick JE (1997): Human acute myeloid leukemia is organized as a hierarchy 
that originates from a primitive hematopoietic cell. Nat Med.3(7):730-7. 

[10] Al-Hajj M, Clarke MF (2004): Self-renewal and solid tumor stem cells. 
Oncogene.23(43):7274-82. 

[11] Boman BM, Wicha MS (2008): Cancer stem cells:a step toward the cure. J Clin 
Oncol.26(17):2795-9. 

[12] Martinez-Climent JA, Fontan L, Gascoyne RD, Siebert R, and Prosper F.(2010): 
Lymphoma stem cells: enough evidence to support their existence? Haematologica. 
95:293-302. 

[13] Salles GA (2007):Clinical Features, Prognosis and Treatment of Follicular Lymphoma. 
Hematology 216-25. 

[14] Goodlad JR, MacPherson S, Jackson R, Batstone P, White J (2004):Extranodal follicular 
lymphoma: a clinicopathological and genetic analysis of 15 cases arising at non-
cutaneous extranodal sites. Histopathology.44:268–276. 

[15] Damaj G, Verkarre V, Delmer A, et al (2003): Primary follicular lymphoma of the 
gastrointestinal tract: a study of 25 cases and a literature review. Ann Oncol.14:623–
629. 

[16] Poggi MM, Cong PJ, Coleman CN, Jaffe ES (2002): Low-grade follicular lymphoma of 
the small intestine. J Clin Gastroenterol.34:155–159. 

[17] Willemze R, Jaffe ES, Burg G, et al (2005): WHO-EORTC classification for cutaneous 
lymphomas. Blood.;105:3768–3785. 

[18] Bacon CM, Ye H, Diss TC, et al (2007): Primary follicular lymphoma of the testis and 
epididymis in adults. Am J Surg Pathol. 31:1050–1058. 

[19] Lorsbach RB, Shay-Seymore D, Moore J, et al (2002): Clinicopathologic analysis of 
follicular lymphoma occurring in children. Blood. 99:1959–1964. 

www.intechopen.com



 
Stratification of Patients with Follicular Lymphoma 387 

[20] Yuen AR, Kamel OW, Halpern J, Horning SJ (1995): Long-term survival after histologic 
transformation of low-grade follicular lymphoma. J Clin Oncol. 13:1726–1733. 

[21] Montoto S, Davies AJ, Matthews J, et al (2007): Risk and clinical implications of 
transformation of follicular lymphoma to diffuse large B-cell lymphoma. J Clin 
Oncol. 25:2426–2433. 

[22] Federico M, Vitolo U, Zinzani PL, et al (2000): Prognosis of follicular lymphoma: a 
predictive model based on a retrospective analysis of 987 cases. Intergruppo 
Italiano Linfomi. Blood.95:783–9. 

[23] Solal-Celigny P, Roy P, Colombat P, et al (2004): Follicular lymphoma international 
prognostic index. Blood. 104:1258–65. 

[24]  Conconi A, Motta M, Bertoni F, et al (2010): Patterns of survival of follicular 
lymphomas at a single institution through three decades. Leuk Lymphoma. 
51:1028–34. 

[25] Federico M, Bellei M, Marcheselli L, et al (2009): Follicular lymphoma international 
prognostic index 2: a   new prognostic index for follicular lymphoma developed by 
the international follicular lymphoma prognostic factor project. J Clin Oncol. 
27:4555–62 .   

[26] Fisher R. , LeBlanc M. , Press O  , Maloney D., Unger J, Miller T.( 2005):New Treatment 
Options Have Changed the Survival of Patients With Follicular Lymphoma.   JCO ,  
23 ( 33); 8447-8452 

[27] Hitz F, Kettere N,  Lohri A, Mey U, Pederiva S,  Renner C,  Taverna C,  Hatmann A,  
Yeow K, Bodis S, Zucca E (2011):Diagnosis and treatment of follicular lymphoma 

Swiss Med Wkly. 141:w13247. 
[28] Martinelli G, Hsu Schmitz SF, Utiger U, et al (2010): Long-Term Follow-Up of Patients 

With Follicular Lymphoma Receiving Single-Agent Rituximab at Two Different 
Schedules in Trial SAKK 35/98. J Clin Oncol. 28:4480–4. 

[29] Ardeshna KM, Smith P, Qian W, et al (2010): An Intergroup Randomised Trial of 
Rituximab Versus a Watch and Wait Strategy In Patients with Stage II, III, IV, 
Asymptomatic, Non-Bulky Follicular Lymphoma (Grades 1, 2 and 3a). A 
Preliminary Analysis. Blood, ASH Annual Meeting Abstracts 116:Abstract 6. 

[30] Horning SJ (1993): Natural history of and therapy for the indolent non-Hodgkin's  
lymphomas. Semin Oncol.20:75-88, (suppl 5.( 

[31] Marcus R, Solal-Celigny P, Imrie K, et al (2006): Rituximab plus CVP improves survival 
in previously untreated patients with advanced follicular non-Hodgkin’s 
lymphoma [abstract]. Blood. 108:481a 

[32] Maloney DG, Press OW, Braziel RM, et al (2001): A phase II trial of chop followed by 
rituximab chimeric monoclonal anti-CD20 antibody for treatment of newly 
diagnosed follicular non-Hodgkin's lymphoma: SWOG 9800. Blood, 98:843a. 

[33] Czuczman MS, Weaver R, Alkuzweny B, et al (2004): Prolonged clinical and molecular 
remission in patients with low-grade or follicular non-Hodgkin's lymphoma 
treated with rituximab plus CHOP chemotherapy: 9-Year follow-up. J Clin Oncol , 
22:4711-4716 

[34] Sacchi S,Pozzi S,Marcheselli  L, Bari A,Stefano (2007): Introduction of rituximab in 
front-line and salvage therapies has improved outcome of advanced-stage follicular 
lymphoma patients. Cancer Volume 109, Issue 10, 2077–2082, 

www.intechopen.com



 
Hematology – Science and Practice 388 

[35] Freedman A (2011): update on diagnosis and management. . Am. J. Hematol. 86:769-
775, 2011. 

[36] Vidal L, Gafter-Gvili A, Leibovici L, et al (2009) : Rituximab maintenance for the 
treatment of patients with follicular lymphoma: systematic review and meta-
analysis of randomized trials. J Natl Cancer Inst;101:248-255. 

[37] MacManus PM, Hoppe RT (1996): Is radiotherapy curative for stage I and II low grade 
follicular lymphoma? Results of a long term follow-up study of patients treated at 
Stanford University. J Clin Oncol;14:1282-1290. 

[38] Advani R, Rosenberg SA, Horning SJ(2004): Stage I and II follicular non-Hodgkin's 
lymphoma: long-term follow-up of no initial therapy. J Clin Oncol;22:1454-1459. 

[39] Kaminski MS, Tuck M, Estes J, et al (2005): 131I-Tositumomab therapy as initial 
treatment for follicular lymphoma. N Engl J Med;352:441-449. 

[40] Martinelli G, Schmitz SF, Utiger U, et al (2010): Long-term follow-up of patients with 
follicular lymphoma receiving single-agent rituximab at two different schedules in trial 
SAKK 35/98 J Clin Oncol;28:4480-4484. 

[41] Hayashi D., Lee J.C., Devenney-Cakir B., Zaim S., Ounadjela S., Solal-Celigny P., Juweid 
M., Guermazi A (2010): Follicular non-Hodgkin’s lymphoma. Clinical Radiology, 
(65): 408–420. 

[42] Stacy R.C., Jakobiec F. A., Schoenfield L., Singh A. D (2010): Unifocal and Multifocal 
Reactive Lymphoid Hyperplasia vs Follicular Lymphoma of the Ocular Adnexa. 
American Journal of  Ophthalmology. ( 150), NO. 3, 412-426.  

[43] Winter J. N., Gascoyne R. D., Van Besien K (2004): Low-Grade Lymphoma. 
Hematology, 203-220. 

[44] Klapper W (2011): Pathobiology and diagnosis of follicular lymphoma. Semin Diagn 
Pathol.28(2):146-60. Review 

[45] Vitolo U., Ferreri A.J., Montoto S (2008): Follicular lymphoma. Crit Rev Oncol Hematol. 
Jun;66(3):248-61.  

[46] Samsi S., Lozanski G., Shana’ah A., Krishanmurthy A. K., Gurcan M.N(2010): Detection 
of Follicles from IHC Stained Slides of Follicular Lymphoma Using Iterative 
Watersh.Trans Biomed Eng. October; 57(10): 2609–2612.  

[47] Jaffe E.S (2009): The 2008 WHO classification of lymphomas: implications for clinical 
practice and translationalresearch, Hematology,  523-531. 

[48] Gradowski J. F., Jaffe E. S., Warnke R. A., Pittaluga S., Surti U., Gole L. A., Swerdlow S. 
H (2010): Follicular lymphomas with plasmacytic differentiation include two 
subtypes . Modern Pathology. (23), 71–79. 

[49] Montes-Moreno S., Garcı´a O. A., Santiago-Ruiz G., Ferreira J. A., Garcı´a J. F., Pinilla  
A. P (2010): Intrafollicular neoplasia in situ follicular lymphoma: review of a series 
of 13 cases., Histopathology, 56, 652–664. 

[50] Young N. A (2006): Grading Follicular Lymphoma on Fine-Needle Aspiration 
Specimens—A Practical Approach (cancer cytopathology), Vol 108 no1 

[51] Lejeune M, Álvaro T (2009): Clinicobiological, prognostic and therapeutic implications 
of the tumor microenvironment in follicular lymphoma. Haematologica, January; 
94(1): 16–21. 

[52] Bakhshi A, Jensen JP, Goldman P, Wright JJ, McBride OW, Epstein AL, Korsmeyer SJ 
(1985): Cloning the chromosomal breakpoint of t(14;18) human lymphomas: 

www.intechopen.com



 
Stratification of Patients with Follicular Lymphoma 389 

clustering around JH on chromosome 14 and near a transcriptional unit on 18. Cell 
41:899-906.  

[53] Tsujimoto Y, Gorham J, Cossman J, Jaffe E, Croce CM (1985): The t(14;18) chromosome 
translocations involved in B-cell neoplasms result from mistakes in VDJ joining. 
Science; 229:1390-3.  

[54]  Keni Gu, Kai Fu, Smrati Jain, Zhongfen Liu, Javeed Iqbal, Min Li, Warren G Sanger, 
Dennis D Weisenburger, Timothy C Greiner, Patricia Aoun, Bhavana J Dave and 
Wing C Chan (2009): t(14;18)-negative follicular lymphomas are associated with a 
high frequency of BCL6 rearrangement at the alternative breakpoint region. 
Modern Pathology  ; 22: 1251–1257.  

[55] de Jong D (2005):. Molecular pathogenesis of follicular lymphoma: a cross talk of 
genetic and immunologic factors. J Clin Oncol;23:6358-63.  

[56]  German Ott and Andreas Rosenwald (2008): Molecular pathogenesis of follicular 
lymphoma. Haematologica; 93:1773-6.  

[57]  Pasqualucci L, Bhagat G, Jankovic M, Compagno M, Smith P, Muramatsu M, et al 
(2008): AID is required for germinal centerderived  lymphomagenesis. Nat Genet; 
40:108-12.  

[58]  Cong P, Raffeld M, Teruya-Feldstein J, Sorbara L, Pittaluga S, Jaffe ES (2002): In situ 
localization of follicular lymphoma: description and analysis by laser capture 
microdissection. Blood;99:3376-82.  

[59] Ott G, Katzenberger T, Lohr A, Kindelberger S, Rudiger T, Wilhelm M, et al (2002): 
Cytomorphologic, immunohistochemical, and cytogenetic profiles of follicular 
lymphoma: 2 types of follicular lymphoma grade 3. Blood;99:3806- 12.  

[60] Cheung KJ, Shah SP, Steidl C, Johnson N, Relander T, Telenius A, et al (2008): Genome-
wide profiling of follicular lymphoma by array comparative genomic hybridization 
reveals prognostically significant DNA copy number imbalances. Blood.  

[61]  Hoglund M, Sehn L, Connors JM, Gascoyne RD, Siebert R, Sall T, et al (2004): 
Identification of cytogenetic subgroups and karyotypic pathways of clonal 
evolution in follicular lymphomas. Genes Chromosomes Cancer;39:195-204.  

[62] Macpherson N, Lesack D, Klasa R, Horsman D, Connors JM, Barnett M, Gascoyne RD 
(1999):. Small noncleaved, non- Burkitt’s (Burkit-Like) lymphoma: cytogenetics 
predict outcome and reflect clinical presentation. J Clin Oncol;17:1558-67.  

[63]  Elenitoba-Johnson KS, Gascoyne RD, Lim MS, Chhanabai M, Jaffe ES, Raffeld M (1998): 
Homozygous deletions at chromosome 9p21 involving p16 and p15 are associated 
with histologic progression in follicle center lymphoma. Blood;91:4677-85.  

[64] O’Shea D, O’Riain C, Taylor C, Waters R, Carlotti E, Macdougall F, et al (2008): The 
presence of TP53 mutation at diagnosis of follicular lymphoma identifies a high-
risk group of patients with shortened time to disease progression and a poorer 
overall survival. Blood;112:3126-9.  

[65] Ellen Leich,Itziar Salaverria, Silvia Bea, Andreas Zettl, George Wright, Victor 
Moreno,Randy D. Gascoyne,Wing-Chung Chan,Rita M. Braziel,Lisa M. Rimsza, 
Dennis D. Weisenburger, Jan Delabie, Elaine S. Jaffe,Andrew Lister, Jude 
Fitzgibbon,Louis M. Staudt, Elena M. Hartmann,Hans-Konrad Mueller-
Hermelink,Elias Campo,German Ott, and Andreas Rosenwald (2009): Follicular 
lymphomas with and without translocation t(14;18) differ in gene expression 
profiles and genetic alterations. Blood. 114: 826-834.  

www.intechopen.com



 
Hematology – Science and Practice 390 

[66] Guo Y, Karube K, Kawano R, et al (2007): Bcl2-negative follicular lymphomas 
frequently have Bcl6 translocation and/or Bcl6 or p53 expression. Pathol 
Int.;57:148-152.  

[67] Tagawa H, Karube K, Guo Y, et al (2007): Trisomy 3 is a specific genomic aberration of 
t(14;18) negative follicular lymphoma. Leukemia.;21:2549-2551.  

[68] Horsman DE, Okamoto I, Ludkovski O, et al (2003): Follicular lymphoma lacking the 
t(14;18)(q32;q21): identification of two disease subtypes. Br J Haematol.;120:424-433.  

[69] Karube K, Guo Y, Suzumiya J, et al (2007): CD10- MUM1- follicular lymphoma lacks 
BCL2 gene translocation and shows characteristic biologic and clinical features. 
Blood.;109:3076-3079.  

[70] Cleary ML, Meeker TC, Levy S, Lee E, Trela M, Sklar J, Levy R(1986): clustering of 
extensive somatic  mutations in the variable region of an immunoglobulin heavy 
chain gene from a human B cell lymphoma. Cell 44:97-106. 

[71]  Ottensmeier cCH,Thompesett AR, Zhu D,Wikins BS,Sweetenham JW,Stevenson 
FK,.(1998):Analysis of VH genes in follicular and diffuse lymphoma shows ongoing 
somatic mutation and multiple isotype transcriptsin early disease with changes 
during disease progression.Blood.91:4292-4299. 

[72] Evans PA,PottC,GroenenPJ , SallesG, Davi F,Berger F,Garcia JF, Van Krieken JH, Pales 
S, Kluin P,Schuuring E et al.(2007):Significantly improved PCR based clonality 
testing in B cell malignancies by use of multiple immunoglobulin gene 
targets.Report of the Biomed -2 Concerted Action BHM4-CT983936.leukemia 
21:207-214. 

[73] van Dongen JJM, Langerak AW, Bruggemann M, Evans PAS, Hummel , Lavender FL, 
Delabesse E, Davi F, Schuuring E , Garcia-Sanz R, van Krieken JHJM, Droese J, 
Gonzalez D, Bastard C, White HE, Spaargaren M, Gonzalez M, Parreira A, Smith 
JL, Morgan GJ, Kneba M and Macintyre EA (2003):Design and standardization of 
PCR primers and protocols for detection of clonal immunoglobulin and T-cell 
receptor gene recombinations in suspect lymphoproliferations: Report of the 
BIOMED-2 Concerted Action BMH4-CT98-3936. Leukemia   17, 2257–2317. 

[74]  Fukuhara S, Rowley JD, Variakojis D, Golomb HM (1979): Chromosome abnormalities 
in poorly differentiated lymphocytic lymphoma. Cancer Res; 39: 3119–3128. 

[75]  Score J,CurtisC,Waghorn K,Stadler M,Jotterand M,Grand FH, Cross NC (2006): 
Identification of a novel imatinib responsive KIF5B-PDGFRA fusion gene following 
PDGFRA overexpression in patients with hyperoesinophilia .Leukemia 20:827-832. 

[76]  Rowley JD (1988):Chromosome studies in the hodgiken lymphomas:the role of t (14;18) 
translocation .J Clin Oncol6:919-925. 

[77] Aster JC,Longtine JA (2002):Detection of BCL2 rearrangements in follicular 
lymphoma.Am J  Path 160:759-763. 

[78]  Montolo S,Lopez Guillermo A,Colomer D, Esteve J, Bosh F, Ferrer A, Villamor N, 
Moreno C, Campo E, Montserrat E (2003): Incidence and clinical significance of 
bcl2/IgH rearrangements in follicular lymphoma.Leuk Lymphoma 44:71-76. 

[79]  Vaandrager JW,Schuuring E,RaapT,Phillipo K,Kleiverda K,Kluin P.2000. Interphase 
FISH detection of BCL2 rearrangement in follicular lymphoma using breakpoint 
flanking probes.Genes Chromosomes Cancer.27:85-94. 

[80] Ott G, Katzenberger T,Lohr A,Kendelberger S, Rudgier T,Wihelm M, Kalla J, 
Rosenwald A, Muller JG ,Ott MM, Muller Hermlink HK 

www.intechopen.com



 
Stratification of Patients with Follicular Lymphoma 391 

(2002):Cytomorphologic,immunohistochemical and cytogenetic profiles of 
follicular lymphoma :2 types of follicular lymphoma grade 3>Blood99:3806-3812. 

[81] Bakhshi A, Jensen JP, Goldman P, Wright JJ, McBride OW, Epstein AL et al (1985): 
Cloning the chromosomal breakpoint of t(14;18) human lymphomas: clustering 
around JH on chromosome 14 and near a transcriptional unit on 18. Cell; 41: 899–
906. 

[82] Cleary ML, Sklar J (1985): Nucleotide sequence of a t(14;18) chromosomal breakpoint in 
follicular lymphoma and demonstration of a breakpoint-cluster region near a 
transcriptionally active locus on chromosome 18. Proc Natl Acad Sci USA; 82: 7439–
7443. 

[83] Rouland S,Lebality P, Roussel G,Briand M,Cappellen D,Pottier D,Hardouin 
A,Troussard X,Bastard C, Henery-Amar M,Gauduchon P(2003):BCL2/JH 
translocation in peripheral blood lymphocytes of unexposed individuals :lack of 
seasonal variations in frequency and molecular features.Int J Cancer 104:695-698. 

[84] Schmitt C,Balogh B,Grudt A, Buchulotz C, Leo A,Benner A, Hensel M,Ho AD,Leo 
A(2006):The bcl2/IGH rearrangement in a population of 204 healthy individuals 
:occurance ,age,and gender distribution ,breakpoints and detection method 
validity.Leuk Res 30:745-750. 

[85] Summers KE, Goff LK, Wilson AG, Gupta RK , Lister TA, Fitzgibbon J (2001): 
Frequency of BCL2/IgH rearrangement in Normal individuals :implications for the 
monitoring of disease in patients with follicular lymphoma .JClin Oncol 19 :420-
424. 

[86]  Rouland S , Navaro JM, Grenot P, Milili M,Agopian J, Montpellier B, Gauduchon P, 
lebailly P, Sciff C,Nadel B (200):Follicular lymphoma like B cells in healthy 
individuals:a novel intermediate step in early lymphomagenesis .JExp Med 
203:2425-2431. 

[87] Pezzella F, Ralfkiaer E, Gatter KC, Mason DY (1990): The 14;18 translocation in 
European cases of follicular lymphoma: comparison of Southern blotting and the 
polymerase chain reaction. Br J Haematol; 76: 58–64. 

[88] Turner GE, Ross FM, Krajewski AS (1995): Detection of t(14;18) in British follicular 
lymphoma using cytogenetics, Southern blotting and the polymerase chain 
reaction. Br J Haematol; 89: 223–225. 

[89] Vaandrager JW, Schuuring E, Raap T, Philippo K, Kleiverda K, Kluin P (2000): 
Interphase FISH detection of BCL2 rearrangement in follicular lymphoma using 
breakpoint-?anking probes. Genes Chromosomes Cancer; 27: 85–94. 

[90] Deghiedy H, Fouda M, Shahin D,shamaa S, El-Bedewy A, Abd El-Ghaffar H (2007): 
Diagnostic and prognostic utility of t(14;18) in follicular lymphoma. Acta Hematol. 
118:231-236. 

[91] Alizadeh AA, Eisen MB, Davis RE, Lossos IS, Rosenwald A, Boldrick JC, Sabet H, Tran 
T, Yu X, Powell JI, Yang L, Marti GE, Moore T, Hudson J Jr, Lu L, Lewis DB, 
Tibshirani R, Sherlock G, Chan WC, Greiner TC, Weisenburger DD, Armitage JO, 
Warnke R, Levy R, Wilson W, Grever MR, Byrd JC, Botstein D, Brown PO, Staudt 
LM (2000): Distinct types of diffuse large B-cell lymphoma identified by gene 
expression profiling. Nature.;403:503-511.  

[92] Husson H, th G. Carideo EG, Neuberg D, Schultze J, Munoz O, Marks PW, Donovan 
JW, C. Chillemi AC, O'Connell P and Freedman AS (2002): Gene expression 

www.intechopen.com



 
Hematology – Science and Practice 392 

profiling of follicular lymphoma and normal germinal center B cells using cDNA 
arrays. Blood, 99: 282-289  

[93] 93 Rosenwald A, Wright G, Chan WC, Connors JM, Campo E, Fisher RI, Gascoyne RD, 
Muller-Hermelink HK, Smeland EB, Giltnane JM, Hurt EM, Zhao H, Averett L, 
Yang L, Wilson WH, Jaffe ES, Simon R, Klausner RD, Powell J, Duffey PL, Longo 
DL, Greiner TC, Weisenburger DD, Sanger WG, Dave BJ, Lynch JC, Vose J, 
Armitage JO, Montserrat E, López-Guillermo A, Grogan TM, Miller TP, LeBlanc M, 
Ott G, Kvaloy S, Delabie J, Holte H, Krajci P, Stokke T, Staudt LM (2002):. The use 
of molecular profiling to predict survival after chemotherapy for diffuse large-B-
cell lymphoma. N Engl J Med.;346:1937-1947.  

[94] Shipp MA, Ross KN, Tamayo P, Weng AP, Kutok JL, Aguiar RC, Gaasenbeek M, 
Angelo M, Reich M, Pinkus GS, Ray TS, Koval MA, Last KW, Norton A, Lister TA, 
Mesirov J, Neuberg DS, Lander ES, Aster JC, Golub TR (2002): Diffuse large B-cell 
lymphoma outcome prediction by gene-expression profiling and supervised 
machine learning. Nat Med.;8:68-74.  

[95] Glas AM, Kersten MJ, Delahaye LJMJ, Witteveen AT, Kibbelaar RE, Velds A, Wessels 
LFA, Joosten P, Kerkhoven RM, Bernards R, van Krieken JHJM, Kluin PM, van't 
Veer LJ and de Jong D (2005): Gene expression profiling in follicular lymphoma to 
assess clinical aggressiveness and to guide the choice of treatment. Blood, 105: 301-
307.  

[96] Husson H, Carideo EG, Neuberg D, et al (2002): Gene expression profiling of follicular 
lymphoma and normal germinal center B cells using cDNA arrays. Blood.;99:282-
289.  

[97] de Vos S, Hofmann WK, Grogan TM, et al (2003): Gene expression profile of serial 
samples of transformed B-cell lymphomas. Lab Invest.;83:271-285.  

[98] Elenitoba-Johnson KS, Jenson SD, Abbott RT, et al (2003):Involvement of multiple 
signaling pathways in follicular lymphoma transformation: p38-mitogen-activated 
protein kinase as a target for therapy. Proc Natl Acad Sci U S A.;100:7259-7264.  

[99] Lossos IS, Alizadeh AA, Diehn M, et al (2002): Transformation of follicular lymphoma 
to diffuse large-cell lymphoma: alternative patterns with increased or decreased 
expression of c-myc and its regulated genes. Proc Natl Acad Sci U S A.;99:8886-
8891.  

[100] Adida C, Haioun C, Gaulard P, et al (2000): Prognostic signifcance of survivin 
expression in diffuse large B-cell lymphomas. Blood.;96:1921-1925.  

[101] Akasaka T, Akasaka H, Ueda C, et al (2000): Molecular and clinical features of non-
Burkitt’s, diffuse large-cell lymphoma of B-cell type associated with the c-
MYC/immunoglobulin heavy-chain fusion gene. J Clin Oncol.;18:510-518.  

[102] Menssen A, Hermeking H (2002): Characterization of the c-MYC-regulated 
transcriptome by SAGE: identifcation and analysis of c-MYC target genes. Proc 
Natl Acad Sci U S A.;99:6274-6279.  

[103] Homey B, Muller A, Zlotnik A (2002): Chemokines: agents for the immunotherapy of 
cancer? Nat Rev Immunol.;2:175-184).  

www.intechopen.com



Hematology - Science and Practice

Edited by Dr. Charles Lawrie

ISBN 978-953-51-0174-1

Hard cover, 596 pages

Publisher InTech

Published online 02, March, 2012

Published in print edition March, 2012

InTech Europe

University Campus STeP Ri 

Slavka Krautzeka 83/A 

51000 Rijeka, Croatia 

Phone: +385 (51) 770 447 

Fax: +385 (51) 686 166

www.intechopen.com

InTech China

Unit 405, Office Block, Hotel Equatorial Shanghai 

No.65, Yan An Road (West), Shanghai, 200040, China 

Phone: +86-21-62489820 

Fax: +86-21-62489821

Hematology encompasses the physiology and pathology of blood and of the blood-forming organs. In common

with other areas of medicine, the pace of change in hematology has been breathtaking over recent years.

There are now many treatment options available to the modern hematologist and, happily, a greatly improved

outlook for the vast majority of patients with blood disorders and malignancies. Improvements in the clinic

reflect, and in many respects are driven by, advances in our scientific understanding of hematological

processes under both normal and disease conditions. Hematology - Science and Practice consists of a

selection of essays which aim to inform both specialist and non-specialist readers about some of the latest

advances in hematology, in both laboratory and clinic.

How to reference

In order to correctly reference this scholarly work, feel free to copy and paste the following:

Hasan A. Abd El-Ghaffar, Sameh Shamaa, Nadia Attwan, Tarek E. Selim, Nashwa K. Abosamra, Dalia Salem,

Sherin M. Abd El-Aziz and Layla M. Tharwat (2012). Stratification of Patients with Follicular Lymphoma,

Hematology - Science and Practice, Dr. Charles Lawrie (Ed.), ISBN: 978-953-51-0174-1, InTech, Available

from: http://www.intechopen.com/books/hematology-science-and-practice/stratification-of-patients-with-

follicular-lymphoma



© 2012 The Author(s). Licensee IntechOpen. This is an open access article

distributed under the terms of the Creative Commons Attribution 3.0

License, which permits unrestricted use, distribution, and reproduction in

any medium, provided the original work is properly cited.


