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A B S T R A C T

Purpose
Tumor microenvironment influences the behavior of follicular lymphoma (FL), although the specific
cell subsets involved are not well known. The aim of this study was to determine the impact of
programmed cell death 1 (PD-1) –positive inhibitory immunoregulatory lymphoid cells in the
clinicobiologic features and outcome of patients with FL.

Patients and Methods
We examined samples from 100 patients (53 men and 47 women; median age, 54 years) at
diagnosis, as well as in 32 patients at first relapse, with a recently generated monoclonal antibody
against PD-1. The cells were quantified using computerized image analysis. Additional analysis
consisted of double immunofluorescence and flow cytometry.

Results
PD-1 expression was alternative to FOXP3 in lymphoid cells from both reactive tonsils and FL. At
diagnosis, the median percentage of PD-1–positive cells was 14% (range, 0.1% to 74%). Patients
with grade 3 FL, poor performance status, and high serum lactate dehydrogenase showed lower
numbers of PD-1–positive cells. After a median follow-up of 6.2 years, patients with PD-1–positive
cells � 5% (n � 25), 6% to 33% (n � 50), and more than 33% (n � 25) had a 5-year
progression-free survival rate of 20%, 46%, and 48% (P � .038) and overall survival (OS) of 50%,
77%, and 95% (P � .004), respectively. PD-1 and FL International Prognostic Index maintained
prognostic value for OS in multivariate analysis. Patients with PD-1–positive cells � 5% showed
a higher risk of histologic transformation. At that time, transformed diffuse large B-cell lymphomas
had lower percentage of PD-1–positive cells than FL.

Conclusion
A high content of PD-1–positive cells predicted favorable outcome of FL patients, whereas a
marked reduction is observed in transformation.

J Clin Oncol 27:1470-1476. © 2009 by American Society of Clinical Oncology

INTRODUCTION

Follicular lymphoma (FL) follows an indolent clini-
cal evolution, with 7 to 10 years median survival,
although it is individually heterogeneous, with alter-
nating relapses and remissions. In 10% to 15% of the
patients, it develops aggressively, with poor therapy
response or transformation to diffuse large B-cell
lymphoma (DLBCL), leading to short survival.1 The
FL International Prognostic Index (FLIPI)2,3 has
helped to stratify patients in several risk groups with
different clinical evolution.

Gene expression profile studies and immu-
nophenotyping characterization of nonneoplastic
cells in FL have emphasized the role of microen-
vironment in clinical behavior and therapy

response.4-12 Expression data identified two im-
mune response (IR) signatures: IR-1, enriched in
T-cell and monocyte-restricted genes, conferred
favorable prognosis, whereas IR-2 predicted poor
outcome and included activated macrophages-
dendritic genes.7 Immunophenotypic studies showed
that high numbers of macrophages may confer unfa-
vorable evolution,8 whereas high content of CD8�

and CD4� lymphocytes endows more limited dis-
ease and prolonged survival.4,10,12 Conversely, high
numbers and follicular localization of FOXP3-
positive regulatory T cells (Tregs) are correlated with
an improved outcome in FL.6,11

In addition to Tregs, other mechanisms may
regulate the germinal center (GC) microenviron-
ment and FL pathogenesis. Programmed cell death 1
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(PD-1), a member of the CD28 receptor family expressed in lymphoid
cells, has an important function in inhibitory pathways, attenuating
T-cell responses.13,14 The role of cells expressing this receptor in tumor
immunity is not well known, but it seems that they may facilitate
cancer immune evasion.14 PD-1 expression in lymphoid tissues is
preferentially identified in follicular GC T cells, suggesting an involve-
ment in the FL pathogenesis.15,16 In this study, we have examined a
series of patients with FL at diagnosis and relapse to determine the role
of PD-1 in its progression and outcome.

PATIENTS AND METHODS

Patients and Samples

One hundred available diagnostic biopsies from 225 patients with FL
diagnosed in a single institution between 1988 and 2005 were included, re-
viewed, and reclassified according to the WHO classification.17 The median
age of the patients was 54 years (range, 26 to 88 years); 53 patients were men
and 47 patients were women. The main initial features of the patients are listed
in Table 1. FLIPI3 was retrospectively assessed in 89 patients: low risk, 35 cases
(39%); intermediate risk, 23 cases (26%); and high risk, 31 cases (35%).

Staging was performed according to standard methods. Eighty patients
received combination chemotherapy (62 patients received cyclophosphamide,
doxorubicin, vincristine, and prednisone or similar regimens, and 18 patients
received fludarabine, cyclophosphamide, and mitoxantrone), six patients re-
ceived alkylating monotherapy, and three patients received radiotherapy. In 11
cases (patients � 65 years with no high tumor burden), a watchful waiting
policy was established. Twenty-two patients received also rituximab. Post-
therapy restaging consisted of the repetition of the previously abnormal tests
and/or biopsies.

Response was assessed according to conventional criteria.18 Among the
89 patients with assessable response, 51 patients (57%) achieved a complete
response, 31 patients (35%) achieved a partial response, and seven patients

(8%) did not respond to treatment. After a median follow-up of 6.2 years
(range, 0.4 to 15.7 years) for surviving patients, 36 patients had died. The 5-
and 10-year overall survival rates (OS) were 76% (95% CI, 66% to 86%) and
52% (95% CI, 39% to 65%), respectively (Appendix Fig A1, online only).
Eleven patients experienced histologic transformation during the follow-up,
with a risk of transformation of 12% (95% CI, 4% to 20%) at 5 years.

Sequential biopsies at relapse were available in 15 patients. Moreover,
samples at relapse from another 17 patients with FL were also examined.

The study was approved following the institutional guidelines of the
ethical committee.

Immunohistochemistry and Quantitative Assessment,

Immunofluorescence, and Flow Cytometry

Paraffin-embedded whole-tissue sections were immunostained using
undiluted hybridoma supernatant of anti–PD-1 (NAT105) murine monoclo-
nal antibody as previously described.16 Eighty-seven cases previously studied
for FOXP3 were included in this series.6 Follicular PD-1–positive cells were
quantified using an automated scanning microscope and computerized image
analysis system, always under pathologist visual supervision, as previously
described6 (Ariol SL-50; Genetix Ltd, Queensway, New Milton, Hampshire,
United Kingdom).

Double immunofluorescence labeling of tissue sections for PD-1 in
combination with FOXP3 was performed as previously described19 in five
reactive tonsils and 10 FLs. PD-1 expression was also assessed by flow cytom-
etry in cell suspensions from five reactive tonsils and seven FLs using unlabeled
anti–PD-1 monoclonal antibody, antimouse immunoglobulins coupled to
phycoerithrin or allophycocyanin, and directly labeled monoclonal antibodies
for different lymphocyte subpopulations, including CD57, CD4, CD8, CD25,
CD56, and CD20. At least 50,000 cells were acquired in a FACScalibur flow
cytometer, and the data were analyzed using the FACSDiva software (Pharm-
ingen, Becton Dickinson, San Jose, CA). A more detailed methodology is
provided in the Appendix (online only).

The expression of the PD-1 ligand PD-L1 (CD274) was assessed by flow
cytometry in B and T cells using a phycoerythrin-labeled anti–PD-L1 antibody
(Pharmingen) in cell suspensions from seven nodal follicular hyperplasias and
five FLs.

Statistical Analysis

The main initial and evolutive variables were analyzed for prognostic
significance. PD-1–positive cells were analyzed as a continuous variable, ex-
cept when a threshold was necessary to draw survival curves. Categoric data
were compared using �2 or Fisher’s exact test two-sided P values, whereas for
ordinal data, nonparametric tests were used. Bonferroni correction for multi-
ple comparisons was applied when necessary. The multivariate analysis of the
variables predicting response was performed by logistic regression. Kaplan-
Meier actuarial survival analysis was performed, and the curves were com-
pared using the log-rank test. The independent prognostic value of PD-1,
FOXP3-Tregs, and clinical data summarized in the FLIPI was tested by means
of stepwise proportional hazards Cox model. The definition of OS and
progression-free survival (PFS) were the standard.18

RESULTS

Clinical and Histologic Features of the Patients

at Diagnosis

The main clinical and histologic features of the 100 patients at
diagnosis are detailed in Patients and Methods and summarized in
Table 1. The histologic distribution was grade 1 in 20 cases, grade 2 in
59 cases, and grade 3 in 21 cases (20 grade 3a and one 3b). The
architectural pattern was follicular (follicular area � 75%) in 93 cases
and predominantly diffuse (follicular area � 25%) in seven cases.

PD-1–Positive Cells in FL at Diagnosis

PD-1–positive cells were mainly observed in the follicular areas,
whereas in the interfollicular compartment they were infrequent. The

Table 1. Main Clinical and Histopathologic Features of 100 Patients With
Follicular Lymphoma at Diagnosis

Characteristic No. %

Age older than 60 years 38 38
Male sex 53 53
Histologic grade

1 20 20
2 59 59
3 21 21

Architectural pattern
Follicular 93 93
Diffuse 7 7

“B” symptoms 17 20
Nonambulatory performance status (ECOG � 1) 15 16
Bulky disease 13 14
Stage IV disease 71 73
Bone marrow involvement 61 65
High serum LDH� 19 21
High serum �2-microglobulin� 28 35
FLIPI�

Low risk 35 39
Intermediate risk 23 26
High risk 31 35

Abbreviations: ECOG, Eastern Cooperative Oncology Group; LDH, lactate
dehydrogenase; FLIPI, Follicular Lymphoma International Prognostic Index.

�LDH, �2-microglobulin, and FLIPI were available in 91, 81, and 89
patients, respectively.

PD-1–Positive Cells in FL
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mean proportion of PD-1–positive cells in the 100 diagnostic biopsies
was 21.8% (standard deviation [SD] 19.6%; range, 0.12% to 73.6%).
Overall, the percentiles 25, 50, and 75 were 5.4%, 14.3%, and 33.5%,
respectively (Fig 1). Seven patients had a count less than 1%.

The number of PD-1–positive cells in the follicular compartment
was related to the main histopathologic characteristics (Table 2). Pa-
tients with grade 3 FL had fewer PD-1–positive cells than patients with
low-grade FL. No difference was found between follicular and diffuse
patterns. One patient showed a DLBCL component at diagnosis; the
number of PD-1–positive cells was lower in the DLBCL than in the
low-grade FL area (0.99% v 16.3%). Finally, PD-1 was also evaluated
in five reactive tonsils, and percentages were similar than in FL
(mean � SD: tonsils, 30.6% � 17.6%; FL, 21.8% � 19.7%; P � .1).

Characterization of PD-1–Positive Cells and

Relationship to FOXP3-Positive Tregs

A significant correlation between PD-1 and FOXP3-positive cells
was found by nonparametric tests, both in the total and in the follicu-
lar compartment (correlation coefficient � 0.375 and 0.447, respec-
tively; P � .001). The relationship between categoric FOXP3-Tregs
and quantitative PD-1 is shown in Table 2. Double immunostaining
was performed to determine whether PD-1 was expressed in FOXP3-
Tregs in five reactive tonsils and 10 FLs. These markers were expressed
in different types of cells. Double-positive cells were rare (Fig 2A and
2B). PD-1–positive cells were further characterized by flow cytometry.
In tonsils, the mean value (� SD) of PD-1–positive cells was 22.9% �
10.9%. The majority of them expressed CD4� (mean � SD, 70.9% �
12.3%). This population was enriched in CD4�CD57� lymphocytes
(mean � SD, 2.6% � 1.25% of all tonsil lymphocytes v 12.2% � 2.2%
of PD-1–positive tonsil cells; P � .05). Besides, more than 90%
(mean � SD, 94.4% � 5.7%) of the CD4�CD57� subpopulation
expressed PD-1, constituting a defined population as a result of its
high PD-1 expression (Fig 2C). CD25 expression was similar in PD-
1–positive and PD-1–negative lymphocytes. In FL samples, the mean
value of PD-1–positive lymphocytes (mean � SD, 21.8% � 13%) and
their relationship to CD4 and CD57 expression was similar to the
numbers observed in tonsils.

The ligand PD-L1 was virtually negative in CD20� cells from
reactive or tumor samples (median, 2.4%; range, 0% to 4%), but it was
present in a small fraction of CD3� cells (median, 9%; range, 2.4% to
29%) in both reactive and tumor samples, without differences be-
tween CD4� and CD8� lymphocytes (Appendix Fig A2, online only).

Relationship Between the Number of PD-1–Positive

Cells, Clinical Features, and Outcome

PD-1–positive cells were related to the main clinical features of
the patients at diagnosis (Table 3). The number of PD-1–positive cells
was significantly lower in patients with poor performance status (East-
ern Cooperative Oncology Group � 2) and high serum lactate dehy-
drogenase (LDH).

Patients were treated independently of the number of PD-1–
positive cells, and there was no correlation between the type of ther-
apy, overall response or complete response rate, and PD-1–positive
cells. Fifty-three of 89 patients treated after diagnosis eventually expe-
rienced progression during the follow-up period, with a 5-year PFS
rate of 40% (95% CI, 29% to 51%; Appendix Fig A1A). Variables
predicting poor PFS were nonambulatory performance status, bone
marrow involvement, high serum LDH, and intermediate-risk/high-
risk FLIPI. Patients with FOXP3-Tregs less than 10% also had poor
PFS. Moreover, PFS was calculated according to PD-1. Five-year PFS
rates were 20% (95% CI, 2% to 38%), 46% (95% CI, 30% to 64%),
and 48% (95% CI, 26% to 70%) for patients with PD-1 � 5%, 6% to
33%, and more than 33%, respectively (P � .038; Fig 3A).

A B C

Fig 1. Immunohistochemical staining of programmed cell death 1 in follicular lymphomas. The number of positive cells in the tumors was variable with cases showing
(A) � 5%, (B) 6% to 33%, and (C) more than 33% positive cells.

Table 2. Distribution of PD-1–Positive Cells in 100 Patients With FL at
Diagnosis According to Histopathologic Features

Feature No.

PD-1–Positive
Cells, %

PMean SD

Grade of FL
1 20 28.3 22
2 59 22.9 19
3 21 12.2 17 .003

Architectural pattern
Follicular 93 21.1 19
Diffuse 7 30.2 29 � .1

FOXP3-positive Tregs, %
� 5 16 9.7 14
5-10 27 16.7 17
� 10 44 26.9 21 .002
Total 100 21.8 20

Abbreviations: PD-1, programmed cell death 1; FL, follicular lymphoma;
Tregs, regulatory T-cells.
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Thirty-six patients died during the follow-up, with a 5-year OS
rate of 76% (95% CI, 66% to 86%). Variables predicting poor OS were
age more than 60 years (P � .001), presence of “B” symptoms
(P � .002), nonambulatory performance status (Eastern Cooperative
Oncology Group � 2; P � .001), hemoglobin less than 12 g/dL
(P � .005), high serum LDH (P � .001), and serum �2-microglobulin
more than 3 mg/L (P � .001). Grade 3 FL (P � .001) and low

FOXP3-Tregs (P � .009) also had negative impact on OS. FLIPI score
divided the series in three groups with median OS of 4.5 years, 9.0
years, and not reached (Appendix Fig A1B). OS according to PD-1–
positive cells is plotted in Figure 3B. The 5-year OS rates of patients
with PD-1 � 5%, 6% to 33%, and more than 33% were 50% (95% CI,
30% to 70%), 77% (95% CI, 64% to 90%), and 95% (95% CI, 85% to
100%), respectively (P � .004). Particularly, six of seven cases with
PD-1 less than 1% eventually died, with a median OS of 2.6 years.

To analyze which of the two variables related to T-cell microen-
vironment were more important to predict OS, PD-1 and FOXP3
were included in a Cox model, with only PD-1 retaining prognostic
interest for OS. Finally, to determine whether the prognostic value of
PD-1 was independent of clinical variables, a multivariate Cox analysis
was performed, including the number of PD-1–positive cells (� 5% v
6% to 33% v � 33%) and FLIPI score (low v intermediate v high). In
the final model, with 88 assessable cases, PD-1 maintained its predic-
tive value (relative risk, 0.31; P � .013) along with FLIPI (relative risk,
3.66; P � .001).

The risk of histologic transformation was analyzed according to
the number of PD-1–positive cells. In 25 patients with PD-1 � 5%, the
transformation risk was significantly higher than in the remainder of
patients (5-year risk of transformation, 29% [95% CI, 7% to 51%] v
7% [95% CI, 1% to 13%], respectively; P � .05).

PD-1–Positive Cells in FL at First Relapse

Thirty-two patients had an available sample at relapse (FL grades
1 to 2, 20 patients; grade 3, seven patients; transformation to DLBCL,
five patients). The number of PD-1–positive cells was similar between
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Fig 2. Characterization of programmed cell death 1 (PD-1) –positive lympho-
cytes. Double immunofluorescence of (A) tonsil and (B) follicular lymphoma (FL;
PD-1, red; FOXP3, green). (C) FL flow cytometry showing that most PD-1–
positive cells were CD4� and that virtually all high PD-1–positive cells belonged
to the CD4� subpopulation (right dot plot). In left dot plot, the characteristic high
PD-1 in the CD57� lymphocytes is displayed. PERCP, peridinin-chlorophyll-
protein complex; FITC, fluorescein isothiocyanate.

Table 3. Correlation Between Main Clinical Features of Patients With FL
and PD-1–Positive Cells in Diagnostic Samples

Feature No.

PD-1–Positive
Cells, %

PMean SD

Age, years
� 60 62 22.8 19
� 60 38 20.1 19 � .1

Sex
Female 47 21.5 20
Male 53 22.0 19 � .1

ECOG performance status
� 2 81 23.0 19
� 2 15 12.1 14 .014

Ann Arbor stage
I to III 37 21.5 19
IV 60 21.3 20 � .1

Serum LDH
Normal 72 24.0 19
High 19 11.9 17 .001

Serum �2-microglobulin, mg/L
� 3 60 23.9 19
� 3 21 14.8 18 .06

FLIPI
Low/intermediate 58 23.9 20
High 31 17.7 19 .09

Abbreviations: FL, follicular lymphoma; PD-1, programmed cell death 1; SD,
standard deviation; ECOG, Eastern Cooperative Oncology Group; FLIPI, Fol-
licular Lymphoma International Prognostic Index.

PD-1–Positive Cells in FL
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diagnosis and relapse sample when both corresponded to grade 1 to 2
FL (diagnosis v relapse, 24.3% � 20% v 19.8% � 20%) or grade 3 FL
(13.2% � 17% v 20.6% � 18%).

We studied 10 FLs transformed to DLBCL, one at diagnosis
concomitantly with a low-grade FL, five at first relapse, and four at
subsequent relapses. The PD-1–positive cells in the DLBCL were sig-
nificantly lower (mean, 1.04%) than in FL either at diagnosis or re-
lapse (P � .01).

Finally, in six transformed cases, a sample was available for PD1
determination both at diagnosis and transformation. PD-1–positive
cells in this particular subset was 12.5% � 13.7% at diagnosis versus
1.4% � 1.8% at time of transformation to DLBCL (P � .08).

DISCUSSION

In this study, we demonstrated that the number of PD-1–positive cells
infiltrating the tumor is a predictor of survival in patients with FL,
independently of the FLIPI. We also found that PD-1–positive cells
decrease when transformation to DLBCL occurs. These results suggest
that PD-1 is identifying an important subset of regulatory cells in the
microenvironment of FL that may participate in the modulation of the
tumor cell behavior and consequently influence clinical evolution.

PD-1 is a member of the CD28 family of membrane receptors
that have an important function as attenuating regulators of the T-cell

activation and promoters of T-cell tolerance.13,14,20 PD-1 induces a
negative regulation of T-cell receptor–mediated proliferation and cy-
tokine production.21,22 Its negative immunomodulator role is high-
lighted by experimental observations indicating that lack of PD-1 is
associated with hyperimmune disorders.14 Interestingly, PD-1 partic-
ipates also in the regulation of the immune response against cancer
cells and may represent an element that facilitates the evasion of tumor
cells by the immune system.23,24 Thus high numbers of PD-1–positive
cells in renal cancer is associated with more advanced disease and
shorter survival.25 The negative immune modulation of this T-cell
subpopulation in solid tumors seems to be mediated by the expression
of its ligand PD-L1 by carcinoma cells, which is also correlated with
poor prognostic parameters.13,14,23,25 In contrast to these observations
in solid tumors, we found no expression of PD-L1 in nonneoplastic or
tumor FL B cells. Although PD-1 ligands have been detected in
Hodgkin’s lymphoma cells, our observation is concordant with the
lack of expression observed previously in a short series of B-cell lym-
phomas and B-cell lymphoma cell lines.26,27

Our results indicate that a high number of PD-1–positive tumor
infiltrating lymphocytes is a protective factor in the evolution of pa-
tients with FL. These results parallel the observations on the apparent
different role of Tregs in carcinomas and lymphoid neoplasms. Thus
high Tregs in solid tumors have been correlated with poor progno-
sis,28,29 whereas high Treg content in FL and Hodgkin’s lymphoma
were associated with improved patient survival.4,6,30 All these obser-
vations suggest that the role of immune-inhibitory pathways mediated
by Tregs and PD-1–positive lymphocytes have a different pathoge-
netic effect in B-cell neoplasms and solid tumors.

The relatively similar results obtained in the present study on
PD-1 and in our previous analysis of Tregs in FL prompted us to
examine whether PD-1 was expressed in Tregs in human lymphoid
tissues. Previous studies have shown that PD-1 is mainly expressed in
follicular GC CD3�T-cells, particularly in the CD4�CD25� subset,
whereas it is negative in B cells, macrophages, and dendritic cells.16,31

In this study, we have confirmed these observations and showed the
mutually exclusive expression of PD-1 and FOXP3 in both reactive
tonsils and FL tissues, indicating that Tregs are virtually negative for
PD-1. This finding is concordant with the absence of PD-1 in
CD4�CD25� cells previously observed.22,27,31,32

The similar impact on the clinical behavior of FL patients of these
two different subsets of T cells involved in negative regulatory path-
ways of T-cell responses is concordant with the hypothesis that the
activated status of the immune microenvironment in FL is an impor-
tant biologic factor.10,32,33 Microarray studies have shown that FLs
rapidly transforming to DLBCL have an expression profile at diagno-
sis enriched in genes highly expressed in activated hyperplastic lym-
phoid tissues.10 Similarly, Bohen et al5 found that FL that did not
respond well to rituximab therapy had an expression profile signature
at diagnosis similar to that of hyperplastic tonsil and contained genes
related to an activated immune microenvironment that could facili-
tate the growth of tumor cells. Immunohistochemical studies have
also shown that FL with rapid transformation to DLBCL had a signif-
icantly higher number of activated T cells expressing CD69 than tu-
mors without transformation.10 Taken together, all these observations
would be concordant with the idea that the lower numbers of negative
immune-regulatory Tregs and PD-1 lymphocytes in aggressive FL
may contribute to a more active immune microenvironment that in
turn facilitates the growth and progression of tumor cells.
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Fig 3. Outcome of the patients with follicular lymphoma (FL) according to the
number of programmed cell death 1 (PD-1) –positive cells. (A) Progression-free
survival of 89 patients treated for FL. (B) Overall survival of 100 patients with FL.
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How these subpopulations of T cells may influence the behav-
ior of FL cells is at the present moment unclear. Early studies had
shown that FL cells require the contact of stimulatory CD4� cells
and T-cell–derived cytokines to proliferate.34,35 Tregs interfere with
B-cell survival in GCs indirectly by suppressing the function of GC
T-helper cells,36 but also by a direct effect by suppressing B-cell prolif-
eration and inducing B-cell death by a cytotoxic-dependent path-
way.32,37 B-cell lymphoma infiltrating Tregs are functional and able to
suppress the proliferation and cytokine production of CD4�CD25� T
cells needed for T-cell proliferation and survival.31 This inhibitory
effect seems mediated partly by PD-1L expression in Tregs and PD-1
receptor in CD4�CD25� T cells.31 The findings in our study of PD-1
on CD4�CD25� cells and PD-L1 in a subset of T cells, including
CD4�CD25�, but not in B cells may suggest that these interactions
also occur in vivo in FL. The favorable clinical impact of high numbers
of both Tregs and PD-1–positive lymphocytes in FL may be due in part
to the inhibitory effect of Tregs on PD-1–positive T cells. Other inter-
actions such a direct effect of Tregs on B cells or negative immune
responses mediated by other PD-L1/PD-1 interactions may also influ-
ence the behavior of FL cells. It will be interesting to explore the
contribution of other elements of these inhibitory pathways in the
behavior of FL.

From a clinical standpoint, the study represents an unselected
series of patients diagnosed with FL and observed in a single institu-
tion. This fact confers the advantage of being representative of a real FL
population, but, on the contrary, the therapy given is necessarily
somewhat heterogeneous. Nevertheless, the prognostic impact of
PD-1 numbers remain similar in both the group of patients who were
not treated and those who were treated with rituximab, although this
later group was small (data not shown). Given the increasing interest
in reliable biomarkers to predict the heterogeneous clinical behavior

of follicular lymphoma,38 our results may justify the inclusion of PD-1
in future studies on larger series of homogenously treated patients.

In conclusion, this study shows that high numbers of PD-1–
positive cells predict a better outcome in patients with FL indepen-
dently of the FLIPI. The common localization of these cells and
FOXP3-Tregs in the tumoral follicular compartment and their similar
inhibitory role on T-cell activation suggest a contribution to the im-
mune modulation of the microenvironment in FL and a participation
in the biologic behavior of the tumor. A better knowledge of these
pathways may be of interest to develop therapeutic strategies based on
the modulation of the host immune responses in front of the tu-
mor cells.
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