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Follicular lymphoma
Follicular lymphoma is a lymphoma derived from cells analogous to those in the germinal centre of lymph nodes. The evidence for this is two-fold. Firstly, they have a follicular growth pattern. Secondly, they have mutated immunoglobulin variable region genes with extensive intraclonal heterogeneity, indicative of a germinal centre showing ongoing somatic hypermutation. 

Follicular lymphoma is rare in childhood and quite uncommon during adolescence. Cases occur throughout adult life. Unlike all other mature B-cell lymphomas, which are more common in men, the incidence is similar in men and women (slightly more common in women). There are no clues at all as to the aetiology.

The most common clinical feature is lymphadenopathy, either localized or generalized. Some patients have hepatomegaly or splenomegaly. Follicular lymphoma is commonly widely disseminated (stage IV) at presentation. There are quite often circulating lymphoma cells in the blood. This is a low grade lymphoma but, paradoxically, low grade lymphomas are often widespread at diagnosis and are generally incurable with current treatment, even though survivals are sometimes very long. Although the lymphoma is low grade, there is some variation in grade with tumours that have mainly small cells being clinically more slowly progressive than those with many large cells.

In the minority of patients with circulating lymphoma cells, the diagnosis of follicular lymphoma can be suspected from the cytological and immunophenotypic characteristics of the peripheral blood cells. The cells may be very small and angular with dense chromatin, very scanty cytoplasm and some cleft nuclei with the clefts being deep and narrow. In other patients, lymphoma cells are larger, but again with some cleft nuclei. Smear cells, which are common in chronic lymphocytic leukaemia (CLL), are uncommon. The lymphoma cells are more pleomorphic than the neoplastic cells of CLL. There may be little chromatin condensation and prominent, often peripheral, nucleoli; the nuclei may be predominantly round or may be cleft.

Immunophenotype  

The cells of follicular lymphoma show strong expression of SmIg and are positive for B-cell markers such as CD19, CD20, CD22, CD79a and CD79b. They are usually CD5 negative. They often/usually express CD10 (the ‘common ALL antigen’), but CD10 expression is more reliably detected by immunohistochemistry than by flow cytometry. Like the great majority of other B-cell lymphomas, but in contrast to CLL, they express the antigen detected by the FMC7 monoclonal antibody. The characteristic immunophenotype is of some relevance to treatment since this lymphoma has been found to be often responsive to a monoclonal antibody, rituximab, directed at CD20. The immunophenotype permits follicular lymphoma to be readily distinguished from CLL and is of some use in distinguishing follicular lymphoma from other lymphomas, since CD10 is more often expressed and, unlike mantle cell lymphoma, CD5 is not usually expressed. These differences can be seen in Table 1 (conditions you will be studying in this module are highlighted).

Cytogenetics and molecular genetics
Most cases have a t(14;18)(q32;q21) translocation resulting in dysregulation of the BCL2 gene.  There are two clusters of breakpoints in the BCL2 gene, designated respectively the major breakpoint region (MBR) and the minor cluster region (mcr) and each of these has a further more minor cluster nearby. BCL2 rearrangement can be detected by both PCR and RT-PCR. When PCR of genomic DNA is used, two separate reactions are needed in order to identify both MBR and mcr breakpoints. The t(14;18)(q32;q21) and variant translocations (see below) can be detected by single-colour FISH, with a probe that encompasses the breakpoint on chromosome 18. The t(14;18)(q32;q21) can be identified more specifically by double-colour, double-fusion FISH, using probes that encompass the breakpoints on chromosome 14 and chromosome 18, respectively. A minority of cases show one of two variant translocations involving the BCL2 gene, t(2;18)(p12;q21) or t(18;22)(q21;q11) with BCL2 being dysregulated by proximity to the kappa and lambda genes respectively. 


BCL2 expression can be detected by immunocytochemistry or immunohistochemistry with an antibody to BCL2 protein; the follicles of lymph nodes with reactive follicular hyperplasia are BCL2 negative, in contrast to the BCL2-positive neoplastic follicles of follicular lymphoma. 

BCL2 protein is an anti-apoptotic protein and dysregulation means that cells are less likely to go into apoptosis.

Disease progression 
Follicular lymphoma generally remits with alkylating agent therapy, e.g. with oral chlorambucil. However the remissions are not complete and relapse almost invariably occurs. It is usual for second and subsequent courses of chlorambucil to be followed by progressively shorter remissions and eventually by refractory disease. In some patients, follicular lymphoma undergoes sudden transformation to a large cell lymphoma, a type of high grade lymphoma. Both increasing refractoriness to treatment and large cell transformation are the result of further mutations giving rise to a more refractory or aggressive sub-clone. Secondary cytogenetic abnormalities are common and include trisomy of 5, 7, 12, 21 or X, duplication of the der(18), 6q–, 10q–, 13q–, der(1)t(1;17)(p36;q11-21) and der(1)t(1;11)(p36;q13). Some cases, both with and without t(14;18), show rearrangement of the BCL6 gene at 3q27, an alternative oncogenic mechanism for follicular lymphoma. Disease progression has been related to the acquisition of trisomy 7, t(1;22)(q22;q11) (in which the Fc(RIIB gene is brought under the influence of positive regulatory elements of the ( gene), translocations with an 8q24 breakpoint, rearrangement of the BCL3 gene at 17q22 and loss of the tumour-suppressor genes, TP53, p15 and p16 (the latter two are genes involved in control of cell cycling). Thus disease progression can relate both to dysregulation of further oncogenes and to loss of tumour-suppressor genes. (You do NOT need to memorise this)
Treatment

Although chlorambucil has been the traditional; treatment, outcome is better if initial treatment is with combination chemotherapy (e.g. cyclophosphamide, vincristine and prednisolone with or without doxorubicin) plus rituximab (anti-CD20). 
Disease that is refractory to chemotherapy, particularly if it is still low grade, may respond to rituximab. 


More radical forms of treatment, which aim to cure at least some patients, include allogeneic transplantation and autologous transplantation with stem cells being reinfused after intensive treatment. Allogeneic transplantation undoubtedly cures some patients but at the expense of increased early mortality. The effectiveness of autologous transplantation has not been established in a randomised controlled trial. 
Table 1 Characteristic immunophenotype of chronic B-cell leukaemias.
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CLL, chronic lymphocytic leukaemia; CyIg, cytoplasmic immunoglobulin; HCL, hairy cell leukaemia; PLL, prolymphocytic leukaemia; SLVL, splenic lymphoma with villous lymphocytes; SmIg, surface membrane immunoglobulin.

The frequency with which a marker is positive in 30% of cells in a particular leukaemia is indicated as follows: , 80–100%; , 40–80%; /, 10–40%; , 0–9%.

CLL cells express CD20 fairly weakly

†HCL cells are negative with at least some McAb of the CD24 cluster.                                   Reproduced from Bain BJ, Leukaemia Diagnosis, 3rd Edition, Blackwell Publishing, 2003.
Staudt LM (2007) A closer look at follicular lymphoma. N Engl J Med, 356, 741-742. 
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