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Abstract Follicular lymphomas (FL) account for 30% of

non-Hodgkin’s lymphomas (NHL). Their evolution is

heterogeneous. Some patients present with indolent forms

undergoing several relapses while in other patients the

disease evolves abruptly toward aggressive NHL. This is

why accurate prognostic indices are required so that

treatment strategies may be optimized for each patient and

so that trials may be conducted in groups of patients that

are as homogeneous as possible. The Follicular Lymphoma

International Prognostic Index (FLIPI) has been designed

to separate patients into 3 groups with significantly dif-

ferent hazard ratios for death. Its accuracy has been con-

firmed in several studies. The FLIPI2 was designed more

recently to separate patients with significantly different

hazard ratios for progression/relapse in the era of anti-

CD20 monoclonal antibody treatments. Gene profile stud-

ies have shown that the prognosis of FL is mainly related to

the type, number, and activation of immune cells in the

microenvironment of lymphomatous follicles. Immuno-

histochemical studies suggest that macrophages, CD4? T

cells and among them T-regulatory cells (T-regs) and

programed death-1 cells (PD-1 cells) play a major role in

the outcome of FLs. However, additional confirmatory

studies are required due to discrepancies in results. Up to

now, these biological study results are more useful for

approaching the pathophysiology of FL rather than to be

used as prognostic tools in clinical practice.
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1 Introduction

Follicular lymphomas (FL) account for approximately 30%

of all non-Hodgkin lymphomas (NHL) in western coun-

tries, with a lower incidence in Asian countries. Several

retrospective analyses have clearly shown an important

improvement in overall survival of FL patients in the last

15 years when compared to historical controls [1, 2]. This

improvement is mainly related to the introduction of anti-

CD20 monoclonal antibodies (MoAbs) in the treatment

arsenal.

Despite these new treatment approaches, there is no

consensus concerning the initial treatment FL patients

should receive. Patients may be followed without treatment

until progression, may be initially treated with rituximab

alone, or with a combination of rituximab and various

cytotoxic chemotherapies. In some centers, patients with

what is considered as advanced disease may even receive

high-dose therapy with autologous stem cell transplanta-

tion (ASCT). Given the multitude of treatment options,

several studies have been conducted in the last 15 years to

determine clinical and biological prognostic factors and to

propose prognostic indices. The aims of a prognostic index

are (1) for a given patient, to help in choosing the treatment
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the most appropriate for a probable clinical course; (2) to

compare the clinical and biological characteristics of the

clinical trials reported in the literature; (3) to prospectively

design a clinical trial in a subpopulation of FL patients who

will most probably follow a homogeneous course.

This review will focus on the analysis of all these

prognostic factors and their contribution to the choice of

treatment for FL patients.

2 History

The first prognostic classification of FL relied on patho-

logical criteria and was formalized in 1981 in the Working

Classification for Clinical Usage [3]. It separated FL into 3

categories, i.e. small-cell, mixed-cell, and large-cell FL.

Several reports confirmed the relevance of this classifica-

tion, especially the poorer prognosis of follicular large-cell

lymphomas. However, it rapidly appeared that there was

little consensus among pathologists concerning the dis-

tinction between these 3 categories, and the clinical accu-

racy of this classification was thus found to be limited.

Between 1985 and 1990, two groups, the Groupe

d’Etude des Lymphomes Folliculaires (GELF) from France

and the British National Lymphoma Investigation Group

(BNLI) simultaneously determined clinical prognostic cri-

teria with the main goal of identifying a subgroup of

patients for whom a ‘no initial treatment policy’ could be

proposed [4] (Table 1). Both sets of criteria were found to

be very similar. Although the GELF criteria were chosen

from the clinical experience of experts, they enabled sep-

aration of FL patients into 2 groups, i.e. ‘low’ versus ‘high’

tumor burden, and these two groups showed significantly

different overall survival [5].

Since 1993, the International Prognostic Index (IPI) has

been confirmed as the ‘gold standard’ of clinical indices for

aggressive NHLs [6]. Several groups have tested the IPI in

FL patients, and all of them have shown that the IPI could

discriminate FL patients into subgroups with significantly

different survivals [7–9]. However, when applied to FL or

other indolent lymphomas, the IPI has several drawbacks

[10] since:

• the statistical analysis used to build this index was

applied only to patients with aggressive lymphomas and

parameters which have a prognostic influence in FL but

not in aggressive lymphomas could have been missed;

• conversely, other parameters of the IPI could have no

influence on the prognosis of FL. This holds true for

performance status (PS) since very few patients with

FL initially have a poor PS;

• the distribution of patients into IPI prognostic subgroups

is very heterogeneous, e.g. patients with high-risk IPI

represent less than 15% of FL patients at diagnosis.

Since the IPI was found to be poorly differentiating for

patients with FL, an international study was initiated with

the aim of proposing a specific index for FL patients.

3 Follicular lymphoma international prognostic indices

In 2004, the Follicular Lymphoma International Prognostic

Index (FLIPI) was built from a retrospective analysis of

more than 4000 patients with FL treated between 1985 and

1992 [11]. After a multivariate analysis, 5 parameters were

used to build this index: age[60 versus B60 years, serum

LDH level[upper limit of normal (UPLN) versus BUPLN,

number of nodal areas[4 versus B4, hemoglobin level\120

versus C120 g/L. Three risk groups (low, intermediate, and

high) were distinguished. The distribution of patients and the

hazard ratios (HR) for overall survival (OS) are given in

Table 2. The survival curves of the 3 groups are shown in

Fig. 1. Several retrospective analyses of other groups com-

prising patients treated according to various approaches

have confirmed the accuracy of the FLIPI with similar dis-

tributions of patients and remarkably similar differences in

hazard ratios for death between prognostic subgroups being

found [9, 12, 13]. The FLIPI can thus be considered as a

standard prognostic index for FLs. Furthermore, the FLIPI

has more recently been used as a prognostic index for pro-

gression-free survival (PFS) [14, 15]. It should be underlined

that the FLIPI was not designed for such analyses since, at

the time of data collection, there was no consensus on the

definition of PFS. However, despite this, the FLIPI may be

used to accurately distinguish 3 groups of patients with

significantly different PFS rates. It is especially convenient

for patients receiving immunochemotherapy such as ritux-

imab–cyclophosphamide–vincristine–prednisone (R-CVP)

[15] or rituximab–cyclophosphamide–doxorubicin–vin-

cristine–prednisone (R-CHOP) [14].

Table 1 Criteria for initiating a treatment on patients with follicular

lymphoma as proposed by the Groupe d’Etude des Lymphomes

Folliculaires (1986) and the British National Lymphoma Investigation

Group (1990)

GELF 86 criteria BNLI criteria

Nodal or extranodal tumor [7 cm B symptom(s) or pruritus

At least 3 nodal areas involved, each with

lymph node(s) C3 cm

Rapid generalized

disease progression

Any B symptom Marrow compromise

Significant spleen enlargement Life-threatening organ

involvement

Blood cytopenia Renal infiltration

Bone lesion(s)

Treatment must be initiated if at least one criterion is present
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The FLIPI represented a major step forward in the

knowledge of clinical prognostic factors in FL. However,

some of its limits have recently been outlined:

1. The FLIPI was designed with OS as the endpoint and,

because of the recent improvement in survival of FL

patients, this endpoint requires a too-long follow-up

period to collect a number of events sufficient for

statistical analysis. In addition, PFS has become the

primary endpoint in all clinical trials as recommended

by consensus [16].

2. At the time of the analysis, some important clinical and

biological parameters were not routinely collected and

therefore were not used to build the FLIPI, i.e. size of the

largest tumor mass and serum b2 microglobulin levels.

3. When treated, the patients used to build the FLIPI

received conventional chemotherapy, and most of them

were never treated, even at the time of relapse(s), with

modern immunotherapy, such as rituximab or radioim-

munotherapy. The patients included in the initial FLIPI

are therefore not representative of FL patients today.

These reasons lead our group to initiate a new prog-

nostic factor study using PFS as the endpoint and inte-

grating all the modern parameters prospectively collected

in the univariate and multivariate analyses. The FLIPI2

thus built relies on 5 prognostic parameters: longest

diameter of the largest tumor mass [6 versus B6 cm,

serum b2 microglobulin level [UPLN versus BUPLN,

bone marrow involved or not, hemoglobin level B120

versus [120 g/L, and age [60 versus B60 years [17].

The distribution of patients and hazard ratios for pro-

gression are provided in Table 3. A recently published

retrospective analysis of 280 patients from another group

confirmed the accuracy of the FLIPI2 for PFS (as well as

that of the FLIPI) and showed notably that the initial

median PFS of a group of approximately 20–25% of

patients with FL is approximately 2.5 years despite ritux-

imab-based immunochemotherapy which indicates the

need for the development of innovative approaches [18].

However, the FLIPI2 still requires confirmation and

could be used to complete the FLIPI, with the former being

used for PFS, and the latter for OS.

4 Response to treatment

Response to treatment has been shown to be a paramount

prognostic factor for OS in many clinical trials before the

rituximab era [19, 20]. The advent of immunotherapy has

changed this situation since the addition of rituximab to

standard chemotherapy improves response rates as well as

time to treatment failure, PFS, and OS [15, 21, 22]. In the

rituximab era, prospective trials clearly show that patients

reaching complete remission enjoy a prolonged duration of

response compared to partial responders [15, 23]. As a

consequence, response rate—the only prognostic factor

that can be influenced—may become a major goal for

clinicians in the future. For the time being, response criteria

are based on CT scan and/or bone marrow biopsy if ini-

tially involved [24]. There are many other ways to explore

response to treatment. Positron emission tomography is

promising, but its prognostic value remains to be deter-

mined in prospective trials [25]. A recent prospective study

Table 2 Outcome and relative risk of death according to risk group as defined by the Follicular Lymphoma International Prognostic Index

Risk group Number of

factors

Distribution of

patients (%)

5-year OS, %(SE) 10-year OS, %(SE) RR 95% CI

Low 0–1 36 90.6 (1.2) 70.7 (2.7) 1.0 NA

Intermediate 2 37 77.6 (1.6) 50.9 (2.7) 2.3 1.9–2.8

High C3 27 52.5 (2.3) 35.5 (2.8) 4.3 3.5–5.3

This research was originally published in Blood 2004 (Solal-Celigny P, Roy P, Colombat P, et al. Follicular lymphoma international prognostic

index. Blood. 2004;104:1258–65. �the American Society of Hematology)

OS overall survival, RR relative risk, NA not applicable

Fig. 1 Survival of the 1795 patients according to risk group as

defined by the Follicular Lymphoma International Prognostic Index.

This research was originally published in Blood 2004 (Solal-Celigny

P, Roy P, Colombat P, et al. Follicular lymphoma international

prognostic index. Blood. 2004;104:1258–65. �the American Society

of Hematology)
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evaluated the value of Bcl2/IgH genomic PCR in blood

and/or bone marrow [26]. A Bcl-2/IgH-positive bone

marrow PCR at diagnosis was an adverse prognostic factor

for PFS. However, neither pre-treatment nor post-induction

Bcl2/IgH levels in peripheral blood could predict a pro-

longed PFS. Moreover, patients with a positive post-

maintenance Bcl-2/IgH peripheral blood or bone marrow

PCR relapsed earlier than patients with a negative post-

maintenance PCR [26].

5 Prognostic influence of cytogenetic

abnormalities in follicular lymphoma

More than 90% of FLs express high levels of Bcl-2 protein,

related in most cases, to a t(14;18) translocation. For

unknown reasons, this incidence is lower in Asian coun-

tries [27]. However, in the Bcl-2-negative variants of FL,

alternative molecular pathways and anti-apoptotic routes

result in a similar prognosis. An exceptional Bcl-2-negative

subtype of FL with a predominant localized involvement of

inguinal nodes, 1p deletion, and a good prognosis has been

recently described [28].

In one study, initial pre-treatment quantitative evalua-

tion of marrow involvement by t(14;18) positive cells

by RT-PCR was predictive of outcome after R-CHOP

immunochemotherapy [29]. However, this prognostic

evaluation and its usefulness have not been confirmed.

Since the initial studies after autologous stem transplanta-

tion, molecular remission—as defined by the disappearance

of bcl2/IgH-positive cells in the blood and in the bone

marrow—was considered as predictive of a good progno-

sis. However, several drawbacks have considerably

decreased the interest of such a ‘molecular remission’: (1)

around 30% of patients are negative at initial presentation

when using routine PCR techniques and cannot be fol-

lowed; (2) normal subjects may have a small number of

t(14;18) positive cells; (3) several studies have shown that

patients—especially when treated only with radiation

therapy for localized disease—enjoy remissions of very

long duration despite having t(14;18) positive cells in the

blood; and (4) when treated with anti-CD20 monoclonal

antibodies, a very high number of patients reach ‘molecular

remission’, and thus the negative predictive value is low.

Quantitative evaluations of the numbers of t(14;18) did not

improve significantly the predictive value. Tests for

‘molecular remission’ in FLs have not to be used in routine

practice. The persistence of t(14;18) positive cells in the

blood or in the marrow after initial treatment does not have

to influence the post-induction management.

The majority of FL cells carry karyotypic abnormalities

in addition to the t(14;18) translocation. Some abnormali-

ties are recurrent and have a prognostic influence. Among

them, -6q, -17p are clearly associated with a poor

prognosis and an increased risk of transformation, while

?der18q, ?7, ?8 typically correlate with an indolent

course [30, 31]. However, karyotypic analysis of FL lymph

nodes is rarely performed since (1) it requires an immediate

preparation of a cell suspension after excisional biopsy, (2)

karyotypic abnormalities with many different clones are

frequently observed in FL, and (3) conventional cytoge-

netic analysis is cumbersome and rarely yields clinically

meaningful results.

6 The prognostic role of the microenvironment

in follicular lymphomas

The surrounding population of the non-malignant immune

regulatory cells—i.e. the microenvironment—plays a

major role in the pathogenesis and the behavior of FL

(Fig. 2). The intimate relationship between the tumor

microenvironment and neoplastic cells implies a dynamic

cross-talk in which tumor cells may give and receive

instructions through a complex system. Several lines of

investigations have highlighted that FL is an immunolog-

ically functional disease in which an active interaction

between tumor cells and the functional composition of the

microenvironment determines the prognosis and response

to treatment.

First, gene expression profiling studies have revealed

that survival after initial diagnosis of FL can be predicted

by biological differences in tumors. However, in contrast

with results observed in DLBCL where prognosis is closely

related to the gene profile of tumor cells, application of

this approach to FL identified two prognostic signatures

based on non-malignant tumor-infiltrating cells indicative

of the host immune response [32] rather than on the

Table 3 FLIPI2: progression-free survival (n = 812 pts, 88% treated with rituximab)

Group No. of factors Percentage of patients 3-year PFS (%) 5-year PFS (%) HR (95% CI)

Low 0 20 91 79.5 1.0

Intermediate 1–2 53 69 51 3.19 (2.0–5.15)

High C3 27 51 19 5.8 (3.5–9.4)

Federico M, et al. J Clin Oncol. 2009;27:4555–62. �American Society of Clinical Oncology
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characteristics of the tumor cells as in DLBCL. The

‘immune-response 1’ signature includes genes encoding

T-cell markers (e.g. CD7, CD8B1, ITK, LEF1, and STAT4)

and genes that are highly expressed in macrophages (e.g.

ACTN1 and TNFSF3B). This signature was associated with

a good prognosis. In contrast, the ‘immune-response 2’

signature was associated with a poor prognosis. It includes

genes expressed in macrophages, dendritic cells or both

(e.g. TLR5, FCGR1A, SEPT10, CCR1, LGMN, and

C3AR1). Some of these genes appear especially strong

predictors such as CD7 for immune-response 1 and CCR1

for immune-response 2 [33]. These immune signatures

influenced the prognosis independently of known clinical

prognostic factors, but have not been tested with the FLIPI.

The median OS of the 4 quartiles of the survival-predictor

score according to gene signatures were, respectively, 13.6,

11.1, 10.8, and 3.9 years (p \ 0.0001) [32]. These results

have been confirmed by other studies [33, 34]. However,

measurement of these marker genes in routine practice is

cumbersome and costly, and the results are very difficult to

interpret on a single patient basis.

Immunohistochemical (IHC) studies were therefore

developed to better characterize the FL microenvironment

and its influence on disease outcome. However, in order to

analyze these studies, some technical caveats must be

detailed: the immunochemical studies were performed

using flow cytometry [35], or immunohistochemistry on

conventional paraffin-embedded whole tissue sections [36]

or on tissue microarrays (TMA). The former technique

allows only a quantitative analysis of cell subpopulations

while the two latter methods also study the distribution of

cell subpopulations within the lymph nodes. Second, these

IHC techniques rely on the counting of cells positive for a

marker specific for a subpopulation. This counting may

yield very different results according to (1) the choice of the

area, either at random or where the number of positive cells

seems the highest; (2) the magnification of the selected

power field on the microscope; and (3) visual counting by

one or several pathologists or quantification using an

automated scanning microscope. Third, analyses are usually

performed after separation of the results into 2 or 3 cate-

gories with each study using different thresholds which

makes it very difficult to compare published results. Fourth,

involved lymph node infiltration by lymphoma cells and

immune cells is heterogeneous, schematised by two com-

partments, i.e. the follicle itself and the interfollicular area.

Cells can locate predominantly in one of these areas or

diffusely infiltrate the lymph node. The prognostic signifi-

cance of follicular, interfollicular, or diffuse infiltration may

be very different, adding to the complexity of IHC studies.

Despite this, the knowledge of the FL microenvironment—

and consequently its influence on the pathogenesis and on

the prognosis of the disease—has improved vastly in recent

years. Of the various cell types that play a role in the

microenvironment of FL, macrophages and T cells are those

that have been most extensively studied.

Fig. 2 Intrafollicular and interfollicular microenvironment of follic-

ular lymphomas (FL) cells are present within the follicle and in the

interfollicular area. They are surrounded by tissue macrophages

(CD68) and T cells which are mostly CD4? T cells with fewer CD8?

T cells. Among CD4? T cells T-regulatory cells (T-regs) and

programed death-1 T cells (PD-1) play a special role. Most cells

(Mast) also influence FL cells (see text for details)
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Early studies strongly suggested that a high number of

tumor-associated CD68? macrophages (TAM) in FL

lesions were correlated with a poor prognosis [37]. How-

ever, this prognostic factor was observed only in some of

the studies carried out in patients treated with conventional

chemotherapy [37, 38], but not in all [34, 39].

Conversely, in patients treated with rituximab plus

chemotherapy, a high number of TAM either had no

influence on prognosis [36, 38] or was even associated with

a good prognosis [39]. These opposite results on the

prognostic role of TAM depending on treatment are most

likely related to the critical role of macrophages in B-cell

depletion after anti-CD20 therapy through their functions

in antibody-dependent cell toxicity (ADCC) [39]. Since

nowadays, almost all patients with FL who require an

initial treatment are treated with an anti-CD2O MoAb, the

prognostic influence of TAM infiltration is at best very

limited.

The FL lymph nodes contain numerous T cells with a

normal phenotype [40]. Around 75% of these CD3? cells

are helper CD4? T cells, the remaining being CD8? cells

and a very small percentage CD4? CD8? cells. Most of

the T cells are located in the interfollicular areas rather than

in the follicle (Fig. 2).

Several subpopulations of CD4? cells play a major role

in the pathogenesis and the growth of neoplastic B cells.

The overexpression of Bcl-2 protein is not sufficient to

allow the growth of FL cells: when incubated in vitro, FL

cells rapidly undergo apoptosis. The most important pro-

tection of FL cells against apoptosis is based on intimate

interaction within the germinal center (GC) between a

subpopulation of CD4? cells carrying the CD40L (CD154)

and FL B cells carrying CD40 [41, 42]. Some agents, such

as TRAIL, a member of the TNF superfamily, may coun-

teract the antiapoptotic effects of the CD40–CD40L pair,

which is just one example of the potential therapeutic

effect that may be obtained by acting on the FL cell

microenvironment.

A high number of follicular CD4? cells was associated

with long survival in one study [38] while the opposite

effect was observed in another trial [43].

Other CD4? cells influence FL evolution and risk of

transformation. Regulatory CD4? T cells (T-regs) account

for 5–10% of CD4? T cells. They are characterized mainly

by the coexpression of CD25, a marker of activated/

memory cells, and of forkhead transcription factor 3

(FOXP3). Most of the T-regs are constitutively produced in

the thymus. However, FL cells, as opposed to normal B

cells, have the unique capacity to convert effector T cells

into T-regs through stimulation of the T-cell receptor [44,

45] (Fig. 3) T-regs regulate T-cell activation and restore

immune homeostasis by acting on CD4 and CD8 activated

T cells after their response to antigen [46]. T-regs act by

intimate contact with T cells and through production and

release of Interleukin 10 and Transforming Growth Factor

b. Most importantly, T-regs participate in the immune

response against tumor cells. In several models of solid

tumors, T-regs suppress tumor-specific T-cell immunity,

thereby contributing to cancer growth, and a high number

of T-regs is correlated with a decreased survival [47].

Conversely, several studies have shown that a high number

of T-regs in FL is associated with a good prognosis and a

reduced risk of transformation [38, 48]. In a recently

published study, the architectural pattern of T-regs infil-

tration in FL nodes had a crucial role: while a diffuse

pattern was associated with a good prognosis, a follicular

or perifollicular pattern was correlated with poor prognosis

[49]. In other studies, the number of T-regs did not have

any prognostic influence per se [34, 50]. T-regs could

inhibit FL growth by negatively regulating germinal center

(GC) Thelper (Th) cells and GC-Th cell-induced B cell

survival [51]. The precise role of T-regs in FL has to be

better determined since there are several potential thera-

peutic approaches to enhance or to reduce T-reg function

[46]. The main interest of T-reg infiltration studies in FL

relies most probably on determining the reasons of differ-

ent and possibly opposite effects between solid tumors and

FL. Because of the technical caveats previously detailed

and the discrepant results of studies, their usefulness as a

prognostic tool requires additional confirmatory studies.

Programed death-1 cell (PD-1) or CD279 is a member of

the CD28 superfamily of membrane receptors that have an

important function in the regulation of immune responses

Fig. 3 T-regulatory cells (T-regs) originate from the thymus (innate

T-regs) or from activation by follicular lymphoma (FL) cells

(adaptive T-regs). They may act by inhibiting the CD4? T cells

which prohibit FL cells from apoptosis by binding to the CD40

antigen of FL cells through CD40 ligand (CD40L). They may also

inhibit germinal center T helper (Th) cells which also promote FL

B-cell survival
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and in the tolerance to self-antigens and also to tumor cells.

PD-1 is expressed by various lymphoid and non-lymphoid

cells, including CD4? cells. In the germinal center, PD-1

is mainly expressed by CD4? CD25-FOXP3 cells. PD-1

acts through binding to one of two ligands, i.e. PDL-1 and

PDL-2 expressed by a variety of hematopoietic and non-

hematopoietic cells including germinal B cells [52]. While

PD-L1 expression on renal, gastric, or breast carcinoma

cells is correlated with a poor prognosis [53], the opposite

has been observed in FL. In a study from Carreras et al.

[54], the number of PD-1-positive cells infiltrating the

tumor was positively correlated with survival in patients

with FL, independently of the FLIPI. Similar results were

obtained by another group [43]. It is especially curious that

both T-regs and PD-1 cells seem to have opposite effects in

solid tumors and in FL, favoring immune surveillance

escape and tumor growth in the former and inhibiting

proliferation in the latter.

In summary, all these studies of the microenvironment

in FL have yielded fascinating results, but have not yet

enabled a simple strategy of interaction with FL cells. As

mentioned by Wahlin et al. [43], prognosis in FL is

affected by several immune cell subsets simultaneously at

work rather than being dictated by an individual immune

cell subset.

In conclusion, FL is a complex and heterogeneous dis-

ease for which important progresses in risk evaluation have

recently been reported. From a clinical point of view, the

FLIPI or the FLIPI2 are simple and accurate prognostic

indices that can be used in the routine management of

patients with FL as well as in clinical research. Despite

promising results, genetic, molecular, and other biological

parameters require confirmatory and further studies before

new treatment strategies can be finalized. These studies are

in progress and could lead to better understanding of

biology of FL and also of other neoplastic diseases in much

the same way that the t(14;18) translocation resulted in the

discovery of apoptosis, a major characteristic of neoplastic

growth and antineoplastic treatments.
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