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Malignant Lymphomas

Indolent lymphomas are a markedly heterogeneous
group of lymphoproliferative disorders including B-cell
chronic lymphocytic leukemia/small lymphocytic
lymphoma, lymphoplasmacytoid lymphoma, follicular
lymphoma, mantle cell lymphoma and mucosa-asso-
ciated lymphoid tissue (MALT) lymphoma. The mole-
cular pathophysiology of indolent lymphoma is char-
acterized by distinct genetic pathways which selec-
tively associate with different clinico-pathologic cat-
egories of the disease. At diagnosis, B-cell chronic
lymphocytic leukemia frequently display deletions of
13q14, trisomy 12 and alterations of the ATM gene,
whereas evolution to Richter’s syndrome is associ-
ated with disruption of p53. Lymphoplasmacytoid
lymphoma carries t(9;14) (p13;q32) in approximate-
ly 50% of cases, leading to the deregulated expres-
sion of the PAX-5 gene. Follicular lymphoma consis-
tently harbors rearrangement of BCL-2. With time, a
fraction of follicular lymphoma accumulates muta-
tions of p53 and of p16 and evolves into a high grade
lymphoma. MALT-lymphoma frequently associates
with alterations of API2/MLT and, in some cases, of
p53, BCL-6 and BCL-10. Studies of genotypic and
phenotypic markers of histogenesis have shown that
mantle cell lymphoma and a fraction of B-CLL/SLL
derive from naive B-cells, whereas follicular lym-
phoma, lymphoplasmacytoid lymphoma and MALT-
lymphoma originate from germinal center (GC) or
post-GC B-cells. The identification of distinct genet-
ic categories of indolent lymphoma may help in the
therapeutic stratification of these disorders. In addi-
tion, genetic lesions of indolent lymphoma provide
useful molecular markers for disease monitoring by
high sensitivity techniques.
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logic heterogeneity of indolent lymphoma reflects
heterogeneity in the molecular pathophysiology of
these diseases. In the past, most molecular investi-
gations of indolent lymphoma have focused on the
pathogenetic heterogeneity of these disorders.
Recently, pathogenetic studies have been paralleled
by analysis of the molecular histogenesis of these
malignancies. This review aims at covering current
knowledge of the molecular pathogenesis and his-
togenesis of indolent lymphoma and at providing
clues for the clinical relevance of the genotypic fea-
tures of these malignancies.

Pathogenesis of indolent lymphoma
Analogous to most human cancers, the genetic

lesions of indolent lymphoma include the activation
of proto-oncogenes and disruption of tumor sup-
pressor genes.1 In contrast to many types of epithe-
lial cancers, the genome of indolent lymphoma cells
tends to be relatively stable and is not subject to the
generalized random instability which characterizes
many types of solid cancers.2,3 Historically, detection
of recurrent, non-random chromosomal abnormal-
ities by karyotypic analysis of indolent lymphoma
metaphases has represented the major clue toward
the identification and cloning of most genetic alter-
ations of these diseases.2

Chromosomal translocation is the main mechanism
of proto-oncogene activation in indolent lymphoma.1

Analogous to most types of hematopoietic neoplasms,
chromosomal translocations of indolent lymphomas
are constituted by reciprocal and balanced recombi-
nation events between two specific chromosomal
sites. These translocations recur within a specific clin-
ico-pathologic category of indolent lymphoma and
are clonally represented in each tumor case. All chro-
mosomal translocations of indolent lymphomas share
a common feature, i.e. the presence of a proto-onco-
gene mapping to the vicinity of one of the two chro-
mosomal recombination sites. As a consequence of
the translocation, the proto-oncogene is juxtaposed to
heterologous regulatory sequences which are derived
from the partner chromosome and are invariably rep-
resented by antigen receptor loci. Because antigen
receptor genes are expressed at sustained levels in nor-
mal B-cells corresponding to the differentiation stage
of the lymphoma, the common consequence of the
translocation is the deregulated expression of the pro-
to-oncogene. Disruption of tumor suppressor genes
in indolent lymphoma occurs through mechanisms
similar to those associated with other human cancers
and generally lead to biallelic inactivation of the gene,
most frequently achieved through a combination of

The term indolent lymphoma refers to a group of
B-cell lymphoproliferative disorders character-
ized by an indolent clinical course and inabili-

ty to obtain disease eradication by most conven-
tional treatments. Early studies of indolent lym-
phoma revealed the marked clinical and pathologic
heterogeneity of these disorders. During the last
decade, it has been realized that the clinico-patho-
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deletion, mutation and methylation. 
The clinico-pathologic heterogeneity of indolent

lymphoma is reflected by a high degree of hetero-
geneity in the molecular pathophysiology of the dis-
orders. The following pages will summarize the mol-
ecular pathways associated with the main categories
of indolent lymphoma recognized by the REAL clas-
sification.4

B-cell chronic lymphocytic leukemia/small
lymphocytic lymphoma

The molecular pathogenesis of B-cell chronic lym-
phocytic leukemia/small lymphocytic lymphoma (B-
CLL/SLL) is still largely unknown. Mutations of the
p53 gene and loss of heterozygosity in 17p, the p53
site, are found in a small fraction (10 to 15%) of B-
CLL/SLL cases.5,6 A higher frequency of p53 alter-
ations is observed after transformation of B-CLL/SLL
to Richter’s syndrome, a highly aggressive lymphoma
with a poor clinical outcome,5 suggesting that p53
may be involved in the genetic mechanisms underly-
ing B-CLL/SLL progression. 

A number of dominant oncogenes, including c-
MYC, BCL-1, BCL-2, and of tumor suppressor genes,
namely RB1 and BRCA2,  have been widely investi-
gated in B-CLL/SLL; however, none of these genes
has shown clear associations with the disease. Since
high levels of BCL-2 expression are consistently seen
in B-CLL/SLL,7 it is conceivable that they result from
mechanisms other than chromosomal translocation.
Abnormalities in 11q22-q23, the mapping site of the
ataxia telangectasia mutated (ATM) gene, have been
described in a fraction of B-CLL/SLL.8,9 These abnor-
malities associate with absence of ATM protein and

have been linked to poor prognosis.8 Because the
ATM gene is thought to have a role in programmed
cell death, its loss of function may contribute to the
prolonged cell survival characteristically observed in
B-CLL/SLL. Mutations of ATM gene occur in the
germline of a fraction of B-CLL/SLL patients, sug-
gesting that carriers of ATM mutations may be at a
particular risk of developing the disease.10 On these
grounds, germline mutations of ATM may account,
at least in part, for the familial cases of B-CLL/SLL. 

Despite the paucity of information regarding the
molecular lesions associated with B-CLL/SLL, cyto-
genetic studies have revealed several recurrent chro-
mosomal abnormalities.2,11 Trisomy 12 is found in
approximately 35% of B-CLL/SLL cases evaluated by
interphase fluorescent in situ hybridization and cor-
relates with a poor survival.12-14 Based on karyotypic
and deletion mapping studies, it is likely that the
13q14 chromosomal region harbors a novel tumor
suppressor gene that is involved at high frequency in
B-CLL/SLL.15,16 In fact, deletions of 13q14 occur in
approximately 60% of cases analyzed by sensitive
molecular tools, but the relevant gene has not been
identified.15

Lymphoplasmacytoid lymphoma
The t(9;14)(p13;q32) translocation associates with

approximately 50% of lymphoplasmacytoid lym-
phomas (Figure 1).17 The chromosomal breakpoints
of t(9;14)(p13;q32) involve the IgH locus on chro-
mosome 14q32, and, on chromosome 9p13, a
genomic region containing the PAX-5 (paired homeo-
box-5) gene.17 PAX-5 encodes a B-cell specific tran-
scription factor (BSAP) expressed throughout B-cell

Figure 1. Pathogenesis and histogenesis of indolent lymphoma. The major compartments of mature B cells are schematically
represented as a secondary follicle containing the germinal center and the mantle zone. The marginal zone and the CD5+ B cell
compartment are also shown. At the time of germinal center transit, B-cells acquire mutations of Ig and BCL-6 genes. The puta-
tive histogenetic derivation of each lymphoma category is indicated by an arrow originating from the relevant B-cell compart-
ment. Arrows are flanked by the cancer related gene which is selectively involved in the pathogenesis of each specific lym-
phoma category and, based on current knowledge, represents the genetic hallmark of the disease. Abbreviations: B-CLL/SLL
(for B-cell chronic lymphocytic leukemia/small lymphocytic lymphoma), LPL (for lymphoplasmacytoid lymphoma), MCL (for man-
tle cell lymphoma), FL (for follicular lymphoma), DLCL (for diffuse large cell lymphoma), MALTL (for MALT-lymphomas).



development and involved in the control of B-cell pro-
liferation and differentiation.18 In particular, PAX-
5/BSAP coordinated isotype class switching and Ig
gene transcription are necessary for the expression of
the B-cell antigen CD19.  The  juxtaposition of PAX-
5 to the IgH locus in lymphomas carrying t(9;14)
(p13;q32) causes the deregulated expression of the
gene, thus contributing to tumor development
through presently unclarified mechanisms. Translo-
cations involving PAX-5 are virtually specific for lym-
phoplasmacytoid lymphoma.

Follicular lymphoma
Follicular lymphoma derives from germinal center

(GC) B-cells. Chromosomal translocations that
involve BCL-2 are the hallmark of follicular lym-
phoma, being detected in 80% to 90% of cases (Fig-
ure 1).1 The BCL-2 gene was identified by molecular
cloning of the t(14;18)(q32;q21) translocation,
which is present in virtually all cases of follicular lym-
phomas as well as in a proportion of B-lineage diffuse
large cell lymphomas.1 The translocation joins the
BCL-2 gene at its 3’ untranslated region to IgH
sequences, resulting in deregulation of BCL-2 expres-
sion because of the nearby presence of Ig transcrip-
tional regulatory elements.19-22 Approximately 70% of
the breakpoints on chromosome 18 are clustered
within a major breakpoint region (MBR), while the
remaining cases usually break in the more distant
minor cluster region (mcr).19-22

The BCL-2 gene encodes a 26-kDa integral mem-
brane protein that has been localized to mitochon-
dria, smooth endoplasmic reticulum and perinuclear
membrane.21 Whereas most proto-oncogenes of lym-
phoid neoplasia directly enhance cell growth, BCL-2
has no ability to promote cell cycle progression or
cell proliferation but rather controls the cellular
apoptotic threshold by preventing programmed cell
death.21 BCL-2 is only one member of a family of
apoptotic regulators, which also includes BAX and
BCL-X.21 It is now clear that BCL-2 exists as part of a
high molecular weight complex generated through
heterodimerization with BAX.21 The inherent ratio of
BCL-2 to BAX  determines the functional activity of
BCL-2. When BAX is in excess, BAX homodimers
dominate and cell death is accelerated; conversely,
when BCL-2 is in excess, as in lymphomas carrying
BCL-2 rearrangements, BCL-2/BAX heterodimers are

the prevalent species and cell death is prevented. 
The precise contribution of BCL-2 deregulation to

follicular lymphoma development is complex. The
pathogenicity of BCL-2 lesions in the context of fol-
licular lymphoma is substantiated by the ability of
BCL-2 specific antisense oligonucleotides to inhibit
the growth of human B-cell lymphomas bearing BCL-
2 translocations.23  In vivo, however, the BCL-2 trans-
gene leads to a pattern of polyclonal hyperplasia of
mature, long lived B-cells resting in G0, which, despite
morphologic similarities, contrasts with the consis-
tent monoclonality of human follicular lymphoma.24

Hence the view that BCL-2 activation is not sufficient
for follicular lymphoma development, and that oth-
er genetic lesions or host factors are required. A
strong candidate is chronic antigen stimulation and
selection which would synergize with BCL-2 in dri-
ving follicular lymphoma expansion. With time, and
analogous to the evolution of the human disease, a
fraction of BCL-2 transgenic mice progresses to devel-
op aggressive, clonal diffuse large cell lymphomas
which have acquired additional genetic lesions.25

Other cancer related genes involved in lymphoma-
genesis, such as c-MYC and p53, do not appear to be
involved in follicular lymphoma. Deletions of chro-
mosome 6 are present in 20% of cases.26 Over time,
follicular lymphomas tend to convert into an aggres-
sive lymphoma with a diffuse large cell architecture.4

This histologic shift is generally accompanied by the
accumulation of p53 mutations and, in a fraction of
cases, by mutations of BCL-6 and/or inactivation of
p16.27-29 Rearrangements of c-MYC may also accom-
pany the histologic transformation of follicular lym-
phoma in rare cases.30

Mantle cell lymphoma
Mantle cell lymphoma is a relatively rare lymphoma

of CD5+ B-cells originating from the mantle zone sur-
rounding reactive follicular centers. The t(11;14)
(q13;q32) translocation and BCL-1 rearrangement
are the characteristic abnormalities of mantle cell
lymphoma (Figure 1).1,31,32 The BCL-1 locus was orig-
inally identified as a breakpoint site on chromosome
11 in B-cell malignancies carrying the t(11;14)
(q13;q32) translocation.31,32 Translocations involv-
ing BCL-1 are characteristically detected in 70% of
mantle cell lymphomas.1,4 BCL-1 translocations are
selective for mantle cell lymphoma and, despite ini-
tial suggestions, are not found in B-CLL/SLL.1,4,6

The BCL-1 translocation results in the juxtaposi-
tion of the IgH locus on chromosome 14 to
sequences from chromosome 11.31,32 The relevant
oncogene, i.e. cyclin D1, lies 200 kb apart from the
BCL-1 locus.33 The cyclin D1 gene, also known as
PRAD1 or CCND1, is a member of a family of pro-
teins that  regulate cell cycle progression.33 As for oth-
er D-type cyclins, cyclin D1 is thought to act primar-
ily as a growth factor sensor integrating extracellular
signals with the cell cycle machinery. The patho-
genetic role of BCL-1 activation in human neoplasia
is suggested by the ability of cyclin D1 overexpression
to transform cells in vitro and contribute to B-cell lym-
phomagenesis in transgenic mice.34-36 Since the mor-
phology of mantle cell lymphoma frequently simu-
lates that of other low grade lymphoproliferative dis-
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Table 1. Frequency of genetic alterations in indolent lym-
phoma.

PAX-5 BCL-2 BCL-1 BCL-10 API12/MLT ATM

B-CLL/SLL – – – – – 20%

LPL 40% – – – – –

FL – 90% – – – –

MCL – – 80% – – –

MALT-L – – – ? 50% –

Abbreviations: B-CLL/SLL: B-cell chronic lymphocytic leukemia/small lym-
phocytic lymphoma; LPL: lymphoplasmacytoid lymphoma; FL: follicular lym-
phoma; MCL: mantle cell lymphoma; MALT-L: MALT-lymphoma; –: negative
genetic lesion.
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eases, the detection of BCL-1 translocations is con-
sidered a relevant diagnostic marker for proper clas-
sification of this type of disorder.4 A subset of man-
tle cell lymphomas also carries p53 or p16 mutations,
as well as other chromosomal abnormalities.28,37,38

These genetic lesions denote a particularly poor prog-
nosis of the disease.

Mucosa-associated lymphoid tissue (MALT)
lymphomas

The majority of gastric MALT-lymphomas are asso-
ciated with Helicobacter pylori (H. pylori) infection.39 It
has been suggested that gastric MALT-lymphomas
may be dependent upon antigen stimulation by H.
pylori since malignant lymphoid cells respond to H.
pylori antigens and since the lymphoma may regress,
at least partially, upon eradication of infection.40 The
potential role of antigen in MALT-lymphoma patho-
genesis is further supported by the observation that
MALT-lymphoma cells harbor the genotypic clue of
antigen-experienced B-cells, i.e. somatic hypermuta-
tion of Ig genes.1 Whether the development of MALT-
lymphoma arising in body sites other than the stom-
ach is also dependent upon antigen stimulation and
selection remains an open question. In this respect,
it is remarkable that thyroid MALT-lymphoma is gen-
erally a sequela of Hashimoto’s thyroiditis, an auto-
immune process causing the exposure of B-cells to
thyroid-derived autoantigens.

Cytogenetic studies have pointed to several abnor-
malities selectively and recurrently involved in these
tumors. The most common of these abnormalities is
t(11;18) (q21; q21).41,42 The t(11;18)(2;33) translo-
cation occurs in approximately 50% of cytogeneti-
cally abnormal MALT-lymphomas, independently of
the site of origin.41,42 The genes involved by t(11;18)
are API2 on 11q21 and MLT (for MALT-lymphoma
translocation) on 18q21. API2 belongs to the family
of inhibitor of apoptosis proteins (IAP) which play an
evolutionary conserved role in regulating pro-
grammed cell death in diverse species. Although the
function of MLT is currently unknown, it has been
hypothesized that the API2/MLT fusion protein
resulting from t(11;18) may lead to increased inhibi-
tion of apoptosis and, therefore, confer a survival
advantage to MALT-lymphomas.41,42

Other recurrent chromosomal abnormalities of
MALT-lymphomas are trisomy 3 and t(1;14). The
genes involved by trisomy 3 are not presently known.43

The t(1;14)(p22;q32) is an uncommon, though recur-
rent, translocation associated with MALT-lym-
phomas. Cloning of t(1;14) has led to the identifica-
tion of BCL-10, a gene containing an aminoterminal
caspase recruitment domain (CARD) homologous to
that found in several apoptotic molecules.44,45 The
mechanism by which the translocation deregulates
BCL-10 is unclear. Although initial observations sug-
gested that BCL-10 might also be affected by muta-
tions in addition to translocation, subsequent studies
have failed to detect BCL-10 mutations in human
tumors, including MALT-lymphomas.46

Other genetic alterations commonly involved in
other lymphoma types have also been observed in
MALT-lymphomas, including BCL-6 alterations and
p53 mutations.29,47-49

Histogenesis of indolent lymphomas
The histogenesis of indolent lymphoma can be

assessed by identifying the precise cellular subset
from which a given lymphoma category derives. This
is achieved by defining the precise differentiation
stage of the various types of lymphoma and by com-
paring it with the features proper of the maturation
stage of normal lymphocytes. 

B-lymphocytes are generated in the bone marrow as
a result of a multistep differentiation process, which
can be divided into two phases: i) an antigen-inde-
pendent phase, and ii) an antigen-dependent phase.
The antigen-independent phase occurs in the bone
marrow and leads to rearrangement of unmutated Ig
genes. Naive B-cells migrate from the bone marrow to
the peripheral lymphoid organs, where they encounter
(and are selected by) antigen and form germinal cen-
ters (GC). Subsequently, B-cells exit from the GC and
differentiate into plasma cells or memory B-cells.
Within the GC, antigen-activated B-cells accumulate
somatic point mutations within their rearranged Ig
genes (a phenomenon known as somatic hypermuta-
tion) which modify the affinity of their surface anti-
body to the antigen.50 In addition to Ig gene muta-
tions, it has been recently shown that also mutations
of the BCL-6 proto-oncogene are accumulated by B-
cells at the time of GC transit.51-53 Because mutations
of both Ig and BCL-6 genes are maintained during
further B-cell maturation, they represent a histoge-
netic marker of GC and post-GC B-cells.

Until not long ago, only a few markers were available
for histogenetic studies of B-cell neoplasia. More
recently, the use of Ig and BCL-6 somatic hypermuta-
tion as specific markers of B-cell transit through the
GC has allowed the definition of two broad histoge-
netic categories of indolent lymphoma: i) lymphomas
devoid of somatic Ig and BCL-6 hypermutation, which
derive from naive, pre-GC B-cells; ii) lymphomas asso-
ciated with somatic Ig and/or BCL-6 hypermutation
and thus derived from either GC or post-GC B-
cells.29,54 This model may be complemented by the use
of phenotypic markers of histogenesis which further
refine B-cell differentiation stages. In particular,
expression of the BCL-6 protein selectively clusters with
B-cells residing within the GC, whereas CD138/syn-
decan-1 expression identifies post-GC B-cells which
are differentiating toward plasmacells.55

Mantle cell lymphoma (MCL) and a fraction of B-
CLL/SLL are devoid of Ig gene and BCL-6 mutations,
do not express BCL-6 or CD138/syndecan-1 and are
therefore considered as lymphomas deriving from
naive B-cells (Figure 1).29,54,56,57 Conversely, follicular
lymphomas and lymphoplasmacytoid lymphomas
associate with mutations of Ig and BCL-6 genes, indi-
cating their derivation from GC-related B-cells.29, 54

Follicular lymphomas express the BCL-6+/CD138—-
phenotype and thus closely reflect B-cells residing in
the GC.56,57 Lymphoplasmacytoid lymphomas express
the BCL-6–/CD138+ phenotype and thus reflect post-
GC B-cells.56,57 MALT-lymphomas associated with
somatic Ig and/or BCL-6 hypermutation are postu-
lated to originate from B-cells which have undergone
a GC-like reaction and subsequently migrated to the
involved extranodal site.29,54
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Recent studies of B-CLL/SLL have yielded novel
insights into the disease histogenesis. It is now appar-
ent that the clinical heterogeneity of B-CLL/SLL might
be related to heterogeneity in the disease histogene-
sis. Although B-CLL/SLL has been traditionally
viewed as a tumor of naive, pre-GC B-cells, recent
data have suggested that a fraction of B-CLL/SLL
derives from GC-related B-cells. In fact, the malig-
nant cells of approximately 50% of B-CLL/SLL harbor
mutations of Ig and/or BCL-6 genes.29,58,59 The mol-
ecular spectrum of Ig and BCL-6 mutations in B-
CLL/SLL is superimposable to that of GC-derived
lymphomas.29,58,59 Intriguingly, the histogenetic het-
erogeneity of B-CLL/SLL appears to carry prognostic
relevance, since cases with mutations of Ig genes are
associated with a significantly longer survival.60

Minimal residual disease in indolent
lymphomas

Although patients with indolent lymphoma often
achieve a clinical complete response, the majority of
these patients eventually relapse.61 Traditionally, the
source of relapse of indolent lymphomas has been
thought to be a reservoir of residual neoplastic cells
not detectable by standard diagnostic techniques.
The development of high sensitivity molecular tech-
niques, namely nested polymersae chain reaction
(PCR), has allowed the formal demonstration of the
presence of these residual malignant cells in the
peripheral blood and bone marrow of patients with
indolent lymphoma. On these grounds, the study of
minimal residual disease (MRD) has assumed a piv-
otal role in monitoring patients with complete remis-
sion and, more recently, in assessing the curative
potential of  high-dose chemotherapy and bone mar-
row transplantation. In addition, PCR monitoring of
MRD is also essential to evaluate the contamination
of the autograft harvest by residual tumor cells.

In B-cell malignancies, the rearrangement of vari-
able, diversity and joining segments of IgH genes gen-
erates unique DNA sequences that are specific for
each B-cell clone and represent a tumor specific
marker which is amenable to PCR analysis. Knowl-
edge of chromosomal abnormalities associated with
indolent lymphomas provides an alternative strategy
for MRD detection, based on PCR analysis of the
genes involved by the translocation. Examples are the
PCR assay for BCL-2 in follicular lymphoma and for
BCL-1 in mantle cell lymphoma. The combination of
the two MRD strategies, i.e. PCR of Ig genes and PCR
of chromosomal translocations, provides a molecu-
lar marker in approximately 90% of cases of indolent
lymphoma.62 Overall, the sensivity of PCR analysis is
several fold higher than that of standard diagnostic
techniques and allows the detection of one tumor
cell among 106 normal cells.62

Most MRD studies of indolent lymphoma have
been conducted on follicular lymphoma. These stud-
ies have shown that all patients with advanced stage
follicular lymphoma carry tumor cells in their periph-
eral blood and bone marrow which cannot be erad-
icated after treatment with conventional chemo-
therapy regimens.63 Eradication of MRD, however,
can be achieved with intensive therapy involving

autologous stem cell transplantation.62,63 The pre-
requisite for MRD eradication is tumor purging which
has been performed with both ex vivo and in vivo purg-
ing procedures.62,63 Achievement and sustainment of
MRD eradication in follicular lymphoma has been
shown to be predictive of long term survival.61,62 Curi-
ously, however, a minority of patients with persistent
MRD have also enjoyed long-term clinical remission
of their disease.64 During the last few years, non-mye-
loablative therapeutic protocols of follicular lym-
phoma, such as the FND regimen, have been suggest-
ed to lead to MRD eradication, although these results
need to be confirmed by multicenter trials.65 Very
recently, vaccine immunotherapy directed against the
lymphoma idiotype has been succesful in eradicating
MRD in follicular lymphoma after chemotherapy-
induced first clinical complete remission.66 Vaccina-
tion could, therefore, represent a novel strategy for
MRD achievement both as first line treatment and in
those patients who have failed to get benefit from oth-
er treatment modalities.

Future clinical studies of MRD should establish
whether MRD predicts relapse uniformly and, there-
fore, justifies intensification of therapy when found, or
whether in some cases it simply represents leukemic
cell populations whose proliferative potential has
been altered by chemotherapy. The availability of nov-
el drugs, highly effective at eliminating residual lym-
phoma cells, namely anti-CD20 antibodies, should
prompt large, multicenter studies aimed at defining
the clinical significance of MRD in such a context.

Conclusions and perspectives
A number of general considerations can be drawn

from the extensive body of studies of the molecular
genetics of indolent lymphoma. First, the well recog-
nized clinical and histologic heterogeneity of indolent
lymphoma reflects, and possibly is due to, the extreme
degree of diversity among the molecular lesions asso-
ciated with these disorders (Figure 1). Second, it may
be presumed that improved molecular diagnosis will
soon translate into differential therapeutic protocols
according to the tumor genotype, thus leading to ther-
apeutic stratification and, hopefully, improved
patients’ survival. Also, the molecular evaluation of
MRD in the patient’s blood/bone marrow as well as
in grafts (bone marrow or peripheral blood stem cells)
for autologous transplantation procedures is likely to
influence therapeutic decisions and clinical follow-up.
Third, lymphoid neoplasia results from the accumu-
lation of multiple genetic lesions interplaying in the
same clone. In this respect, follicular lymphoma is the
best characterized example of multistep tumorigene-
sis among indolent lymphomas.

In addition to the current applications of genetic
lesions in the management of indolent lymphomas,
other uses may be developed in the future. Of partic-
ular appeal is the possibility that therapy might be
directed at correcting the precise genetic lesion
responsible for the development of each single type of
indolent lymphoma. Such therapeutic strategy
should, by definition, be largely specific for the lym-
phomatous cells and hence devoid of the major side
effects presently encountered with standard thera-
peutic regimens.
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