
802

REVIEW  ARTICLE

haematologica | 2014; 99(5)

Nature and importance of follicular lymphoma 
precursors: a new challenge 

Innovative approaches in cancer therapy have demonstrat-
ed the benefit of early treatment in lymphoma. This point is
particularly well illustrated by the association between gastric
MALT lymphomas and Helicobacter pylori infection, in which
antibiotic therapy allows eradication of both the infectious
agent and the clonal B-cell expansion, leading to long-term
complete remission (CR).1 The success of this approach, how-
ever, is restricted to early phases of MALT lymphoma, as
accumulation of genomic alterations in more advanced stages
is associated with resistance to antibiotic therapy. The list of
lymphomas evolving in response to antigen (bacterial or viral)
has been growing rapidly in recent years, associated in some
cases with similar therapeutic success, and with hopefully
more to come.2 Although no such association with infectious
agents or other early specific therapeutic target has yet been
identified for follicular lymphoma (FL), this concept seems
ideally suited to such an indolent disease. 
Follicular lymphoma is the second most common form of

non-Hodgkin lymphoma, accounting for approximately 30%
of cases. The median survival is currently approximately 14
years, with most patients displaying an indolent form of the
disease, slowly progressing over many years.3 In a minority of
subjects, the disease might progress rapidly and aggressively
in less than one year.4 In all cases, due to the insidious and
often asymptomatic features of FL growth, patients are fre-
quently diagnosed at an advanced stage (III/IV). The available

therapeutic strategies thus have to cope with a largely dis-
seminated tumor, and one resistant to long-term CR. Despite
the indisputable progress in patient management, partly due
to combination regimens including semi-targeted agents such
as rituximab,5,6 there is no conclusive evidence that any of
these approaches can fully eradicate the tumor cells.
Therefore, for the moment, FL remains virtually incurable, or
at best will be therapeutically converted into a chronic dis-
ease.5

In line with the clinical course, the molecular analysis of the
tumor at different time points of disease progression has
demonstrated that lymphomagenesis follows a complex
multi-hit process that requires time for transformation to
overt disease through active Darwinian-like selection.7

However, the clinical course likely represents the tip of the
iceberg, as a large part of this very complex process might
occur years, if not decades, before diagnosis.
One of the more remarkable illustrations of this long pre-

clinical phase recently came from the detailed molecular
description of a donor-recipient pair who synchronously
developed FL grade 2/3A nine and seven years after allogeneic
transplantation and donor lymphocyte infusion, respectively.
Both donor and recipient harbored the same malignant FL
clone, with over 90% of shared mutations, demonstrating
acquisition at least seven years before clinical presentation.8

This report also revealed the capacity of the precursor cells to
develop once transplanted in an allogeneic host. The study
threw light on central aspects of the FL pathogenesis enigma
and provided direct proof of principle that a ‘committed’ FL
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It is now widely recognized that cancer development is a protracted process requiring the stepwise acquisition of
multiple oncogenic events. In humans, this process can take decades, if not a lifetime, blurring the notion of ‘healthy’
individuals. Follicular lymphoma exemplifies this multistep pathway of oncogenesis. In recent years, variants of fol-
licular lymphoma have been recognized that appear to represent clonal B-cell expansions at an early stage of follicular
lymphoma lymphomagenesis. These include follicular lymphoma in situ, duodenal follicular lymphoma, partial
involvement by follicular lymphoma, and in the blood circulating follicular lymphoma-like B cells. Recent genetic
studies have identified similarities and differences between the early lesions and overt follicular lymphoma, providing
important information for understanding their biological evolution. The data indicate that there is already genomic
instability at these early stages, even in instances with a low risk for clinical progression. The overexpression of BCL2
in t(14;18)-positive B cells puts them at risk for subsequent genetic aberrations when they re-enter the germinal center
and are exposed to the influences of activation-induced cytidine deaminase and somatic hypermutations. The emerg-
ing data provide a rationale for clinical management and, in the future, may identify genetic risk factors that warrant
early therapeutic intervention.  
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precursor can be present in the bone marrow (BM) and/or
blood long before diagnosis. There is still no precise phe-
notypic, molecular, or functional definition of such com-
mitted precursors and this might range from so-called can-
cer stem cells (CSC), implying, among other features, self-
renewing capacity at the apex of a hierarchical order,9,10 to
a relatively advanced (if not already malignant) FL clone
lying in wait for the opportunity to escape from immune
surveillance. Further characterization of this committed
entity, and the mechanisms involved in triggering its pro-
gression to FL, represent a formidable scientific and clini-
cally significant challenge for the coming years.

Committed follicular lymphoma precursors in healthy
individuals?
Follicular lymphoma results from the malignant trans-

formation of mature B cells, and involves the aberrant pro-
liferation of germinal center (GC)-like B cells in lymphoid
organs.11,12 The hallmark and most recurrent feature of FL
is the t(14;18)(q32;q21) translocation (>85% cases), which
involves the B-cell lymphoma 2 (BCL2) proto-oncogene
(on chromosome 18) and the non-expressed IGH allele
(on chromosome 14).13,14 As a consequence, the BCL2 gene
comes under the control of IGH enhancers, causing consti-
tutive expression of the anti-apoptotic BCL-2 protein.15,16
t(14;18) is assumed to represent the earliest oncogenic
event of FL. Remarkably, the translocation occurs early on
in B-cell development in BM pre-B cells, due to a repair
error during the V(D)J recombination process,17-19 seeming-
ly without transforming consequence for immature B
cells. This delayed malignant transformation represents
the archetype of the uncoupling between the molecular
oncogenic event and its oncogenic activity. One of the
expected reasons underlying this uncoupling is that BCL2
is already expressed in virtually all normal B-cell subsets,
with the notable exception of the two major GC-B cell
subsets (centroblasts and centrocytes). The GC reaction
aims to increase B-cell receptor (BCR) affinity to encoun-
tered antigens, through a random mutagenic process tar-
geted to the IGH/L loci called somatic hypermutation
(SHM). Germinal center B cells undergoing SHM will ran-
domly increase or decrease their BCR affinity, and only
those with the most affine BCR will be selected to survive
and further differentiate.20 BCL2 is down-regulated in GC-
B cells to ‘sensitize’ B cells to death by neglect as a means
to eliminate useless and potentially dangerous B cells with
decreased or modified BCR affinity. When t(14;18)-carry-
ing B cells enter the GC through standard antigenic chal-
lenge, sustained BCL2 expression disrupts this selection
process, by allowing the survival of t(14;18)-positive B
cells irrespective of their BCR affinity.21,22 Although this
scenario seems a plausible start of  the pathogenesis and
natural history of FL, this is undoubtedly far from the
whole story. Indeed, cells carrying the t(14;18) can be
detected (at low levels) in more than 50% of the ‘healthy’
adult population (here meaning devoid of clinical manifes-
tation of lymphoma), a figure that obviously does not
match FL prevalence (<0.03%) in adults. This indicates
that most t(14;18)+ healthy individuals will never develop
FL; thus, although t(14;18) translocation and ectopic BCL2
expression are critical early events in the natural history of
lymphoma pathogenesis, they remain as such benign
events, clearly insufficient to drive efficient FL lymphoma-
genesis. Could the primary antigen (Ag) encounter be the
trigger? We and others have demonstrated that circulating

t(14;18)+ B cells in healthy individuals are for the vast
majority not naïve but rather Ag/GC-experienced B cells,
indicating that the primary antigenic encounter and subse-
quent GC reaction did occur in most t(14;18)+ individuals,
and consequently that primary antigenic stimulation and
GC reaction are not the key factors driving in situ retention
or the transformation of centroblasts/centrocytes.23 Most
circulating t(14;18)+ cells in healthy individuals are there-
fore not ‘committed’ to FL development, and the mere
detection of t(14;18) in the blood cannot constitute, as
such, a predictive biomarker of this commitment. 

Filling the gap with in situ FL precursors?
Follicular lymphoma cells are the transformed counter-

parts of centroblasts/centrocytes, blocked in their capacity
to further differentiate into memory B cells, and largely
addicted to the GC (or GC-like) microenvironment to sur-
vive and proliferate. The mechanisms responsible for the
differentiation arrest of t(14;18)+ cells as GC-B cells are still
unknown, although some secondary alteration candidates
with matching functions are starting to emerge.24 One key
step in the further characterization of circulating t(14;18)+
FL-like-B cells is their isolation and purification, which
remains a yet unmet challenge due to their very low fre-
quency in healthy individuals.
As the malignant counterpart of the GC-B cells, t(14;18)+

FL cells display an unusual phenotype: the expression of
molecules/markers normally restricted to GC B cells
(notably CD10, BCL6, and activation-induced cytidine
deaminase (AID)) and translocation-induced constitutive
BCL2 expression. This phenotypic combination, normally
mutually exclusive in B cells at all differentiation stages,
confers to FLs and precursors an easily recognizable histo-
logical GC pattern, largely used for diagnosis.25 To date,
three histological lesions are recognized candidates to rep-
resent early/precursor stages of FL: intrafollicular neopla-
sia/in situ follicular lymphoma (FLIS), follicular lymphoma
with partial involvement (PFL), and duodenal follicular
lymphoma (DFL). FLIS, described in 2002 by the Jaffe
group, is generally identified as reactive follicular hyper-
plasia in which some of the hyperplastic GCs are colo-
nized by double positive BCL2+/CD10+ B cells.26 As the
overall architecture and cytology of such lymph nodes
(LN) are otherwise normal, BCL2 staining is mandatory
for the diagnosis, and is usually manifested as one or
more, often few, scattered germinal centers populated by
BCL2+ centrocytes. The affected germinal centers may
contain only a few such cells, or may be almost totally
replaced. The mantle cuff is well preserved and the overall
diameter of the follicle is usually not increased (Figure 1).
Surprisingly, BCL2 (and CD10) staining is abnormally
intense, higher than the positivity of any cells of the adja-
cent marginal zone and interfollicular areas, and notably
higher than in most overt FL.25 Mechanisms regulating the
peculiar BCL2 and CD10 staining intensities have still not
been identified but might involve epigenetic processes,
such as the regulation to chromatin access through or for
given molecules.27 In FLIS, cells strongly positive for BCL2
are exclusively localized in the GCs of an otherwise reac-
tive lymph node, without infiltration outside the GC,
hence the term in situ to designate a condition in which the
t(14;18)+ cells are restricted to an area normally occupied
by their physiological counterparts. FLIS is generally an
incidental finding in a lymph node excised because of
enlargement or for another reason (e.g. another B-cell lym-
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phoma or resection of an unrelated carcinoma) and
appears to be very rare. Henopp et al. performed system-
atic BCL2 staining in unselected prospective specimens
from 132 patients, and found 3 patients with an FLIS
(approx. 2.3%). None of them had a history of FL, but
interestingly one already had FLIS (derived from the same
t(14;18) clone) in a LN excised two years before, attesting
to early systemic dissemination.28 PCR assays on microdis-
sected FLIS follicles generally show clonal rearrangement
and FISH demonstrates the IGH/BCL2 rearrangement in
the vast majority of the cases.26,29 The clinical significance
of FLIS is still not clear. It can be associated with overt FL
synchronously or metachronoulsy,26,28 as well with unre-
lated tumoral or inflammatory conditions,30,31 in keeping
with the role of immune stimulation and FL’s opportunis-
tic behavior and GC microenvironment dependency. In
patients with concomitant FLIS and overt FL, the two enti-
ties were clonally related.29,30,32 The rate of progression
from FLIS to overt FL appears to be very low: in the largest
series of 34 FLIS patients,31 6 had prior or concomitant FL,
5 had FLIS composite with another lymphoma;33 in the 21
remaining FLIS-only patients with available follow up,
only one (5%) developed overt FL at 29 months (median
follow up 41 months). 
One of the burning questions concerning FLIS is what it

takes mechanistically and functionally for a BCL2-express-
ing B cell to display such behavior. 
- Is this merely a histological snapshot of a naïve

t(14;18)+ B cell undergoing a primary GC reaction follow-
ing antigenic challenge, or are these antigen-experienced
GC B cells re-entering the GC? And in this case, how can
we explain the simultaneous invasion of multiple GCs in
the LN, or the occurrence in some cases of antecedent and
clonally-related FL or FLIS at another site?
- Does FLIS correspond to a secondary antigenic

response, whereby cells from a previously expanded
t(14;18)+ memory B-cell clone re-enter GCs in the attempt
to produce a new generation of memory B cells34,35? 
- Is this phenomenon linked to or enhanced by the lack

of GC selection provided by BCL2? Is BCL2 ectopic
expression necessary and sufficient to generate a FLIS, and
t(14;18) the only (functional) chromosomal lesion present
in FLIS as previously proposed30? 
- Are FLIS t(14;18)+ cells already blocked in their capacity

to further differentiate into memory B cells? Are FLIS
t(14;18)+ cells already ‘committed’ to FL development or
are they ahead of commitment? 
- Is FLIS a homogeneous entity, or could it possibly rep-

resent a multitude of stages (e.g. all of the above)? 
Part of the answer to these many questions was recently

provided by comparative large genomic hybridization
array (aCGH) analysis of a series of well-defined FLIS sam-
ples collected with or without concurrent FL or FL history,
and which demonstrated the occurrence of genomic alter-
ations.36,37 Together with the finding that FLIS display a
lower proliferation index than normal reactive GCs and
the additional presence of mutations in EZH2, CREBBP,
TNFRSF14, these studies indicated that FLIS is not merely
the BCL2-labeled counterpart of otherwise normal (14;18)+
memory B cells re-entering GC reactions during secondary
challenge. Clearly, genomic instability is already at work
in these cells, and might have further modified the func-
tional properties of the BCL2-expressing cells. However,
the low frequency of relevant and/or recurrent FL hits
among the observed alterations does not support the idea

that strong selection pressure towards FL pathogenesis
already took place in most FLIS. Interestingly, a large frac-
tion of the genomic alterations observed were functionally
related to the biology of the GC, indicating that selective
forces might initially converge on events contributing to
the GC reaction and/or GC retention. Thus, FLIS likely
correspond to an early FL precursor with increased
genomic instability and preferential GC homing, but in
which some of the specific events required for full lym-
phoma transformation did not yet occur (and might never
transpire). Yet, it still remains to be determined whether
FLIS t(14;18)+ cells can further differentiate into memory B
cells, or whether they have already sustained the FL-char-
acteristic block of differentiation at the stage of  centro-
cytes/centroblasts. The recent evidence that such a block
indeed occurred in some healthy individuals, and in partic-
ular in those with high t(14;18) frequencies, together with
the detection at high frequency of the clonal blood coun-
terpart of one FLIS case, seem to argue for this possibility.38
However, there is to date no firm evidence for a defined
hierarchy between t(14;18)+ cells in FLIS patients and
t(14;18)high healthy individuals. In the end, it seems very
likely that t(14;18)+ cells from both FLIS and healthy indi-
viduals are very heterogeneous entities and represent a
whole spectrum of overlapping stages (Figure 1). 
Concerning the critical question of whether FLIS cells

are already committed or not to FL development, available
follow-up data of FLIS patients are currently limited and
the cohorts too small to draw firm conclusions.
Nevertheless, the current figure (5% at 7 years) tends to
indicate that most FLIS would remain uncommitted. This
might be different for the related PFL entity. Indeed, its
clinical significance seems to be more important than the
FLIS as it is associated with a higher risk of progression to
FL; in the largest follow-up cohort to date, 53% (9 of 17)
of untreated PFL patients developed overt FL in a 14-year
follow-up period. PFL, however, remains a difficult differ-
ential diagnosis of FL. Histological criteria were recently
proposed to reliably distinguish PFL from FLIS.26,31 Unlike
FLIS, PFLs show altered architecture. The affected follicles
are often larger than those in FLIS, and often grouped
together in an area of the lymph node (versus scattered in
FLIS). The margin of the PFL follicles may be ill-defined
with attenuated mantle cuffs. Cytologically the follicles
might contain admixed centroblasts (versus only centro-
cytes in FLIS), and show variable intensity of BCL2 and
CD10.  In some cases, BCL2+CD10+ cells may be outside
the PFL follicles.  Thus, histologically PFLs exhibit features
closer to ‘true’ FL than those observed in FLIS (Figure 1).
In line with such criteria, a-CGH analysis of one series

of PFL samples revealed the presence of significantly more
genomic alterations per sample than in FLIS, even if still
not reaching the level seen in low-grade FL.36 Notably, and
in contrast to FLIS, a large fraction of the gains were
shared with low-grade FL, suggesting significant selective
pressure in line with PFLs higher progression rate. Overall,
the existing data suggest that PFL generally do not consti-
tute partial colonization of the LN by overt FL, but rather
represent an earlier stage of tumor evolution.26,31 In keep-
ing with these data, one study found that patients with
PFL more often have low-stage disease.39
Note that the definition of PFL used for case selection in

the genetic analysis mentioned above excluded patients
with known FL at another site.36 In the presence of concur-
rent FL and/or FL history, partial colonization of lymph
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nodes by overt FL might histologically resemble/be undis-
tinguishable from PFL. The presence of BCL2+CD10+ cells
outside the PFL follicles suggests that t(14;18)+ PFL cells
have already sustained the secondary oncogenic hits lead-
ing to the characteristic FL maturation arrest. Considering
the progression rate, it is also likely that some (if not most)
PFLs represent committed precursors. In this respect, the
report that none from a small series of treated PFL patients
(rituximab or localized radiotherapy) developed overt FL
in a follow up of 14 years (compared to 53% of untreated
patients) is of clinical significance. Longer follow up on a
larger series will be of prime importance to validate or not
the role that therapy might play in early stages of the dis-
ease.31 
Duodenal follicular lymphoma (DFL) is a very peculiar

form of FL, the study of which might provide further
insights into the immunological side of FL development.
Like FLIS, it is a rare condition (one per 3000-7000 gastro-
duodenoscopies). Despite its histological similarity with
FLIS, i.e. BCL2+ immunostained follicles mimicking GCs
colonized by t(14;18)+ cells, it exhibits peculiar clinical
characteristics. While classical FL is a disseminated disease
in the vast majority of cases, DFL is almost always local-
ized and restricted to the mucosa/submucosa of the small
intestine (most often the second part of the duodenum)
and behaves as a very indolent disease, without dissemi-
nation outside the intestinal wall and with only rare trans-
formation. Histologically, this lymphoma presents as
mucosal warty polyps, each of them containing large neo-
plastic FL-like follicles made of centrocytes with few cen-
troblasts. The atypical follicles show low-grade histology,
and strong immunohistochemical expression of CD20,
CD10 and BCL2, in addition to the t(14;18) translocation
(Figure 1). Notably, the cells commonly express IgA, rather
than IgG or IgM, as seen in nodal FL.5 In addition, despite
a predominantly follicular growth pattern, the BCL2+
CD10+ cells may infiltrate the lamina propria, and extend
into the villi, in contrast to FLIS, in which the cells remain
confined to the follicular structure. DFL might be derived
from a t(14;18)+ cell that homes to the intestine and
encounters cognate Ag in the mucosal environment. The
site of Ag encounter may explain the homing properties of
DFL versus FLIS. In the largest reported series (63
patients),40 monoclonality and BCL2 rearrangements were
found in almost all cases. Only 2 untreated patients devel-
oped nodal disease five years after diagnosis and no
aggressive transformation was observed (median follow
up 77 months). Seven spontaneous regressions were
observed and no patient died from lymphoma.
Interestingly, aCGH analysis revealed genomic alterations
with similar frequencies to those observed in PFL. Unlike
PFL, however, and in agreement with the rare progression
of these lesions, only a small fraction of the genomic alter-
ations in DFL was found to be shared with FL. It has been
reported that t(14;18)+ cells accumulate in the duodenal
wall after an antigen-driven process, but do not further
acquire aggressive/disseminating potential, possibly due
to the extinction of AID expression.41 It is still unclear
whether the genomic instability observed in DFL is AID-
independent, or acquired elsewhere in presence of AID
(potentially in the frame of a classical GC reaction) before
the colonization of duodenal GCs. By limiting further
genomic instability and selection potential, this scenario
might partly explain why this entity rarely evolves to
overt malignancy. Interestingly, the low propensity of DFL

to progress to overt FL, despite the presence of several
major oncogenic alterations, adds to the evidence that
such hits are not sufficient for transformation, and that
extrinsic-related factors (such as successive immunological
challenges and GCs co-opting) might play a key role in
this process. 

Defining the factors involved in commitment 

A number of laboratories are currently analyzing the
sequence of events leading to FL pathogenesis,8,42,45 and the
recent a-CGH data on entities representing proposed
sequential intermediates to FL transformation add to the
list of putative genes involved in the early steps of t(14;18)+
cell transformation (Table 1).36 
However, a major caveat in both approaches is that

Darwinian evolution is complex, and likely involves mul-
tiple criss-crossing pathways, possible uncoupling
between the time of oncogene activation and the time of
oncogene activity, and genealogical dead ends, all of
which lead to potentially extremely diverse kinetics.
Among the numerous subclones and variants leading to
dead ends, DFL and FLIS that rarely progress to FL might
contain recurrent mutations that functionally contributed
to the generation of these entities, but are not necessarily
required for FL progression. On the other hand, the ‘root’
mutations uncovered in the genealogical trees of FL clones
reconstituted a posteriori through ultra-deep sequencing
(UDS) do indicate that such alterations occurred early in
the given tree, but do not necessarily indicate that they are
events required for early progression (i.e. an alteration can
be acquired early as passenger mutation, and unleash its
oncogenic potential later on, in a given context or a given
tissue). Furthermore, some events might recurrently occur
early because they are mechanistically constrained in B-
cell development, but not necessarily required initially. For
example, the hallmark t(14;18) is confined to the BM pre-
B developmental stage due to the involvement of V(D)J
recombination. However, it is still not clear whether BCL2
overexpression has functional consequences in the sur-
vival and/or differentiation potential of immature and
naïve B cells, and consequently whether it enhances the
risk of FL progression. The high prevalence of t(14;18) in
the general  adult population (>50%) and current risk esti-
mates of FL development in the t(14;18)+ individuals com-
pared to the t(14;18)– individuals, tend to argue against this
possibility. Furthermore, oncogenic ‘hits’ are not limited to
cell-intrinsic genomic alterations, and more elusive cell-
extrinsic factors, such as changes in the microenvironment
and/or immunological response, must be taken into
account in the cascade of events triggering transformation.
Combined Next generation Sequencing (NGS) efforts on

a large number and types of FL and FL intermediates will
be needed to pull-out candidate genes, and the functional
validation of these in innovative experimental
systems/models will be key to reliably identify those
responsible for driving the major pathways of stepwise FL
progression, and among those, the ones responsible for
commitment to FL.

Clinical perspectives

Asymptomatic pre-malignant conditions, which can
progress to symptomatic disease states requiring therapy,
have been identified in two other B-cell malignancies:
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chronic lymphocytic leukemia (CLL), with monoclonal B-
cell lymphocytosis (MBL), and multiple myeloma (MM)
with monoclonal gammopathy of undetermined signifi-
cance (MGUS). The characterization of these precursors
has helped to define the limits between non-progressive
but clonal expansions, and those at higher risk to progress,
requiring greater follow up and/or additional therapeutic
management. For example, MBL is defined as a clonal B-
cell expansion in the peripheral blood without symptoms
or signs of a well-defined lymphoproliferative disorder.
Based on the B-cell count, MBL is now divided into low-
count MBL and clinical MBL. While low-count MBL seems
to carry relevance mostly from an immunological perspec-
tive, clinical MBL and CLL appear to be overlapping enti-
ties and benefit from greater clinical surveillance until
treatment may be required.71 In the case of MGUS, a score
including elevated serum free light chain and M-spike was
identified as the strongest risk factor for the subsequent
development of MM. Studies of its pathogenesis led to the
development of risk models and the estimation of the indi-
vidual risk of progression, allowing individualized clinical
management.72 For asymptomatic FL, one of the major
challenges in the future will be to develop similar individ-
ual risk profiles allowing us to assess whether, when and
how to treat with optimal long-term benefit for the
patient. 

Concerning FLIS and DFL, watchful waiting (WW)
seems a reasonable option considering the relatively low
progression rate (<5%). However, the hierarchical rela-
tionship between FLIS, DFL, FLLC and asymptomatic
patients is currently unknown, and the clinical work up of
a patient with FLIS still needs to be further defined. In
some institutions, a computed tomography (CT) scan is
performed, and in case of negativity, further clinical follow
up may be obtained at regular intervals (e.g. every 6
months). In this regard, it is important to note that both
FLIS and DFL are frequently incidental findings in the set-
ting of histological assessment for other symptomatology,
e.g. lymphadenopathy or unrelated gastrointestinal symp-
toms. The subsequent clinical management will thus often
be based on other findings, not the presence of FLIS or
DFL. 
Concerning PFL, for which the progression rate is higher

(approx. 50%), the management is often the same as for
low-tumor burden. In FL, 10-15% of patients present with
low tumor burden (GELF criteria: no involvement >7cm,
no B-symptoms, no significant splenomegaly, no pleural
effusion, no complications such as ascites/organ compres-
sion, normal LDH and β2-microglobulin levels). A number
of such patients are relatively asymptomatic and thus
detected fortuitously. Considering the indolent clinical
course, it is reasonable to assume that a fraction of such
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Table 1. Genomic alterations reported in FL (by UDS sequencing) compared with early FL precursors, including FLIS, PFL and DFL (by array CGH
or Sanger sequencing), and respective frequencies.

UDS  alterations reported in FL CGH alterations reported in FL precursors
Targeted genes            Frequency in              Effect (References)                                                                Localized in an                      Frequency in FL
in FL                                 FL (%)                                                                                                                Amplified (A) /                      precursors (%)
                                                                                                                                                                  Lost (L) regions                    Mamessier et al.36

BCL2                                           85                           BCL2 overexpression by IGH/BCL2                                                              A                                                    58.5
                                                                                    translocation,46 BCL2 overexpression 
                                                                                    by IGH/BCL2 translocation73

MLL2                                           89                           Histone modification47                                                                                      A                                                     8.5
IGHV-IGLV                             79-100                       N-glycolsylation motifs48, 49                                                                                                                                          
EPHA7                                         70                           Loss of tumor suppressor50

TNFRSF14                                <45                         Unknown51, 52                                                                                                         L                                                      40
TNFRSF25                                25.5                          Loss of tumor suppressor53, 54                                                                          L                                                    33.5
TP73                                          25.5                          Loss of tumor suppressor53                                                                             L                                                    33.5
BACH2                                       <5                          Oncogene, GC related gene55, 56                                                                       A                                                    33.5
CREBBP                                     33                           Histone modification47, 57                                                                                                                                             
MEF2B                                        15                           Histone modification47                                                                                       
EP300                                           9                            Histone modification47, 57

EZH2                                           27                           Oncogenic H3K27me3,                                                                                    A                                                     8.5           
                                                                                    GC related gene43, 58, 59

TNFAIP3/A20                            2-26                         Loss of tumor suppressor50, 60, 61

FAS                                               6                            Decrease apoptosis62

EBF1                                           nd                           Oncogene, epigenetic modulator,                                                                 A                                                    25.0
                                                                                    GC related gene,63 Oncogene, 
                                                                                    epigenetic modulator, GC related gene63

RUNX1                                       nd                           Oncogene                                                                                                            A                                                    16.5
CARD11                                      nd                           Oncogene64                                                                                                          A                                                     8.5
PTEN                                          <5                          Loss of tumor suppressor65, 66                                                                          L                                                     8.5
BCL6                                          6-14                         BCL6 overexpression by BCL6 translocation, GC related gene67, 68

AFF3                                           <5                          Oncogene, GC related gene                                                                            A                                                    50.0
TP53                                           <5                          Loss of tumor suppressor69, 70

                                                  



patients remain undiagnosed, potentially for many years.
Based on trials showing no benefit of immediate
chemotherapy in patients with a low tumor burden,73,74
current guidelines recommend a WW approach, deferring
treatment initiation until worsening of disease and/or clin-
ical symptoms appear.75 Most patients with a low tumor
burden under WW have an improved quality of life for an
average period of 2.5 years by delaying exposure to the
toxic side-effects of chemotherapy, the reduced number of
hospital visits and related interventions (therapeutic
agents administration, blood puncture, etc.). Yet 60-80%
will eventually progress towards high tumor burden with-
in a relatively short time, and will require
radio/chemotherapy in a setting in which treatment may
be not curative at that stage of disease. For some patients,
WW may also be psychologically distressing because of a
declared malignant diagnosis without administration of
any treatment. Keeping in mind that any deviation from
the WW therapeutic attitude must combine high response
rate, improved survival, a good safety profile, and low
impact on quality of life, a number of early therapeutic
interventions are currently under investigation. For
patients with localized disease, radiotherapy has been
proposed to provide long-term benefit (50% freedom
from treatment failure at 10 years).75-77 The role of ritux-
imab-based therapy in the management of early stage FL
is also under investigation. Although based on small num-
bers, it is notable that in a series of PFL treated with ritux-

imab or radiotherapy none of the patients progressed to
overt FL after seven years of follow up, compared to 53%
when left untreated.31,40 Similarly, the use of both therapies
has been very convincing in DFL. For the majority of
patients with disseminated disease at diagnosis, rituximab
is currently being explored as a promising alternative due
to its low toxicity profile and its proven efficacy in symp-
tomatic indolent FL.78 Intermediate data analysis from an
ongoing phase III study in advanced stage FL patients with
low tumor burden reported that induction/maintenance
with rituximab as single-agent delayed the need for
chemotherapy, and decreased the risk of worsening dis-
ease compared to the WW arm of the trial.79-81 Time-to-
next-therapy and progression-free survival (PFS) were sig-
nificantly increased (PFS at 3 years was of 33% in the WW
arm vs. 81% in the rituximab arm), and the median time
to initiation of chemotherapy was not reached at four
years in patients on rituximab. In a second study
(RESORT), patients with low tumor burden were treated
with 4 weekly doses of rituximab.82 Patients achieving
either partial or complete remissions were then random-
ized to maintenance treatment or observation with ritux-
imab retreatment at the time of progression. Retreatment
was as effective as maintenance treatment, and in the
maintenance arm, patients received more rituximab than
retreatment patients.83 There was no difference in quality
of life. Collectively, these promising results led to a change
of paradigm in the clinical practice, with only 20% of
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Figure 1. Histological and immunohistochemical (CD20, BCL2, CD10 and CD3) features of follicular lymphoma and its precursors. (A) Follicular
lymphoma in situ (FLIS). Lymph node architecture is preserved, and BCL2+CD10+ cells occupy only selected GC. (B) Partial involvement by FL
(PFL).  Lymph node architecture is still partially preserved with open sinuses and intact paracortex. However, affected follicles are expanded
and partially displace normal nodal elements. (C) Duodenal FL. A well circumscribed nodular accumulation of centrocytes expands in the
mucosa. (D) Follicular lymphoma, Grade 1-2. Nodal architecture is replaced by the neoplastic follicular proliferation. 
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patients followed with WW at diagnosis in the US, and
immunotherapy initiated in the large majority of cases.84
Longer-term follow up is clearly required to answer the
many issues raised by the use of single agent rituximab
treatment for patients with low tumor burden, including
potential long-term toxicities and the possible emergence
of rituximab-resistant relapses. Nevertheless, the perti-
nence of a standardized management is now frequently
questioned, as patients with low tumor burden are likely
a very heterogeneous group, with some potentially more
at risk of swift FL progression than others. Thus, one of
the current clinical challenges is to define reliable prognos-
tic markers allowing for risk stratification of asympto-
matic patients who might benefit from early therapy.
Along these lines, the F2-study was designed as a prospec-
tive collection of data aiming to identify biological param-
eters for initiating treatment, and to evaluate whether an
initial WW would have deleterious effects on treatment
efficacy after progression or relapse in FL patients with
low tumor burden.85 Although involvement of more than
four nodal sites and decreased albumin levels were associ-
ated with a shorter time to lymphoma treatment, their
prognostic value lacked robustness for application in clin-
ical practice. Recently, FDG-PET has demonstrated a high
predictive value for response to initial therapy in patients
with advanced FL,86,87 and might be explored as a comple-
mentary prognostic tool for the stratification of low tumor
burden patients.88,89 Other strategies have explored gene
expression profiles to develop molecular predictors of
response to treatment,90 revealing microenvironment sig-
natures associated with survival.91,92 potentially transfer-
able to clinical practice.93-96 The use of such signatures as a
prognostic tool for the stratification of patients with low

tumor burden also remains to be explored. The recent
development of genome investigation techniques such as
next-generation and ultra-deep sequencing, also offers the
opportunity to further dissect early FL entities including
FLIS, PFL, DFL and follicular lymphoma-like cells (FL-LC),
and should bring new insights into molecular classifiers.
Considering the biological complexity of FL lymphomage-
nesis, it seems clear that genomic, environmental and clin-
ical investigations will need to identify a combination of
risk factors in order to define reliable risk profiles and
prognostic markers.
Many novel therapeutic agents are currently being

investigated in pre-clinical and clinical studies, including
monoclonal antibodies (modified anti-CD20, anti-CD19,
anti-CD80, anti-CD22, anti-CD79b, anti-CTLA4, etc.) and
small molecules that might alter the anti-apoptotic path-
ways (lenalidomide, ibrutinib, idealisib, BCL2 or BClx
agonists, etc.).97-99 In this flourishing landscape of novel
agents, the use of chemotherapy-free targeted therapy
emerges as a promising change in the therapeutic para-
digm for lymphoma, especially for early stage disease. To
reach this goal, more than ever, a deep molecular and
functional understanding of the oncogenic pathways
involved in the various stages of FL progression is
required. Among those, the identification of early bio-
markers of commitment and of the factors responsible for
this progression stage should be instrumental in the target-
ing of early and potentially less refractory forms of FL. 
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