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Llàtzer, Palma de Mallorca, Spain; 14CHU de Reims and Université Reims Champagne Ardenne, Reims, France; 15Portuguese Institute of Oncology, Lisbon, Portugal;
16Polyclinique BordeauxNordAquitaine, Bordeaux, France; 174thDepartment of InternalMedicine–Hematology, University Hospital, HradecKralove,CzechRepublic;
18Faculty ofMedicine, Charles University in Prague, Hradec Kralove, CzechRepublic; 19Centre Hospitalier de la Roche sur Yon, Roche sur Yon, France; 20Chulalongkorn
University, Bangkok, Thailand; 21Centre Hospitalier Pontchaillou, Rennes, France; 22Institut Gustave Roussy, Villejuif, France; 23Department of Internal Medicine,
University of Iowa College of Medicine, Iowa City, IA; and 24Peter MacCallum Cancer Centre and University of Melbourne, Melbourne, VIC, Australia

KEY PO INT S

l In FL, no prognostic
index has been built
based solely on a large
cohort of patients
treated with initial
immunochemotherapy.

l The PRIMA-PI is a
simplified index based
on b2m and bone
marrow involvement
for patients
treated with
immunochemotherapy.

In follicular lymphoma (FL), no prognostic index has been built based solely on a cohort of
patients treated with initial immunochemotherapy. There is currently a need to define
parsimonious clinical models for trial stratification and to add on biomolecular factors.
Here, we confirmed the validity of both the follicular lymphoma international prognostic
index (FLIPI) and the FLIPI2 in the large prospective PRIMA trial cohort of 1135 patients
treated with initial R-chemotherapy 6 R maintenance. Furthermore, we developed a new
prognostic tool comprising only 2 simple parameters (bone marrow involvement and
b2-microglobulin [b2m]) to predict progression-free survival (PFS). The final simplified
score, called the PRIMA-PI (PRIMA-prognostic index), comprised 3 risk categories: high
(b2m > 3 mg/L), low (b2m £ 3 mg/L without bone marrow involvement), and intermediate
(b2m £ 3 mg/L with bone marrow involvement). Five-year PFS rates were 69%, 55%, and
37% in the low-, intermediate-, and high-risk groups, respectively (P < .0001). In addition,
achieving event-free survival (EFS) or not at 24months (EFS24) was a strong posttreatment
prognostic parameter for subsequent overall survival, and the PRIMA-PI was correlated

with EFS24. The results were confirmed in a pooled external validation cohort of 479 patients from the FL2000 LYSA
trial and the University of Iowa/Mayo Clinic Lymphoma Specialized Program of Research Excellence Molecular Epi-
demiology Resource. Five-year EFS in the validation cohort was 77%, 57%, and 44% in the PRIMA-PI low-, intermediate-,
and high-risk groups, respectively (P < .0001). The PRIMA-PI is a novel and easy-to-compute prognostic index for patients
initially treated with immunochemotherapy. This could serve as a basis for building more sophisticated and integrated
biomolecular scores. (Blood. 2018;132(1):49-58)

Introduction
Follicular lymphoma (FL) is 1 of the most common non-Hodgkin
lymphoma, accounting for about 20% to 30% of all cases.1,2 The
course of the disease is characterized by the responsiveness to
initial therapy followed by repeated relapses and/or transfor-
mation to high-gradenon-Hodgkin lymphoma. Treatment options
differ widely according to disease stage (limited vs dissemi-
nated disease) or the presence of a high tumor burden criterion.3

Immunochemotherapy consisting of an anti-CD20 monoclonal
antibody in association with an alkylating agent, a vinca alkaloid
with or without anthracyclines,4-9 or bendamustine10,11 is widely
accepted as a standard of care for stage III/IV FL presenting with at
least 1 high tumor burden criterion.12,13

Numerous individual parameters were shown to have prognostic
significance in the disease related to the patient (age, sex), the
disease itself (stage, bone marrow involvement, serum lactate

© 2018 by The American Society of Hematology blood® 5 JULY 2018 | VOLUME 132, NUMBER 1 49

For personal use only. on August 27, 2019. at UNIV CATHOLIQUE DE LOUVAIN/UCL www.bloodjournal.orgFrom 

http://www.bloodjournal.org/
http://www.bloodjournal.org/site/subscriptions/ToS.xhtml


dehydrogenase [LDH], b2-microglobulin [b2m]), or the conse-
quences of the disease (performance status [PS], systemic
symptoms). To date, several indices have been proposed to
describe the heterogeneity of the disease and refine prognosis.
A first multi-institutional score was proposed in 2000 by the
Intergruppo Italiano Linfomi,14 followed by the follicular lym-
phoma international prognostic index (FLIPI) in 200415 and the
more recently published FLIPI2 in 2009.16 A simplified scoring
system based on LDH and b2m levels was also proposed by Press

and colleagues in 2013.17 During the last few years, new bio-
molecular scores have been developed, such as the m7-FLIPI,
taking into account bioclinical prognostic parameters (FLIPI, PS)
and mutational status in a set of defined genes (EZH2, FOXO1,
EP300, CREBBP, CARD11, MEF2B, ARID1A).18

However, determination of the number of nodal sites is usually
cumbersome and error-prone in routine practice for FLIPI assess-
ment.15 The FLIPI2 circumvented this fastidious computation by

Table 1. Patient characteristics in the training and validation cohorts

Training (PRIMA) (n 5 1135), N (%)
Validation (FL20001MER)

(n 5 479), N (%)

Age .60 y 402 (35) 225 (47)

Male sex 590 (52) 261 (54)

ECOG .1 49 (4) 24 (5)

b2m .3 mg/L 341 (30) 163 (34)

Stage III-IV 1026 (90) 388 (81)

Nodal sites involvement .4 639 (56) 211 (44)

Bone marrow involvement 635 (56) 238 (50)

Extranodal sites involvement (other than
bone marrow)

598 (53) 169 (35)

LDH . UNL 378 (33) 139 (29)

Hemoglobin ,12 g/dL 239 (21) 91 (19)

B symptoms* 363 (32)

LoDLIN .6 cm* 508 (45)

Effusion syndrome* 150 (13)

Compression syndrome* 208 (18)

Circulating malignant cells* 92 (9)

Platelets ,150 3 109/L* 181 (16)

Albumin ,40 g/L* 301 (33)

Induction treatment
R-CHOP 840 (74) 121 (25)
R-CVP 253 (22) 68 (14)
R-FCM 42 (4) 0 (0)
R-bendamustine 0 (0) 104 (22)
R-CHVP1IFN 0 (0) 175 (37)
Others 0 (0) 11 (2)

Maintenance†
Rituximab 489 (50) 95 (20)
IFN 0 (0) 175 (36)
None 485 (50) 209 (44)

Missing data: for the training cohort: b2m (n5 85), bone marrow involvement (n5 34), LDH (n5 5), LoDLIN (n5 7), effusion syndrome (n5 23), circulant malignant cells (n5 122), platelets
(n5 1), albumin (n5 223); for the validation cohort: ECOG (n5 4), b2m (n5 11), stage (n5 8), nodal sites (n5 21), bone marrow involvement (n5 24), extranodal sites (n5 9), LDH (n5 26),
hemoglobin (n 5 16).

IFN, interferon; LoDLIN, longest diameter of the largest involved node; UNL, upper normal limit.

*Data not extracted in the validation cohort.

†Only responding patients could be eligible for maintenance therapy.
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assessing tumor bulk through the use of longest diameter of the
largest involved node.16 However, the FLIPI2 has not supplanted
the FLIPI for FL prognostication in routine practice because of
inconsistent superiority in validation cohorts.17,19,20

Because the FLIPI was built on a cohort of patients treated
without immunotherapy, and as only 59% of patients received
rituximab as part of frontline therapy for the construction of the
FLIPI2,15,16 the first objective of this study was to assess and
compare the prognostic value of these previously published
indexes in the PRIMA cohort of patients homogeneously treated
with a rituximab-containing induction regimen and followed by
rituximab maintenance for half of them. The second objective
was to develop and validate a new simplified scoring system for
progression-free survival (PFS) in patients with FL homogeneously
treated with immunochemotherapy.

Patients and methods
Study population
The randomized, open-label PRIMA study enrolled 1217 patients
with de novo FL from 223 centers in 25 countries, and 1193 pa-
tients received induction treatment. The final population consid-
ered in the study comprised 1135 patients with histologically
confirmed grade 1, 2, or 3a FL. Patients achieving at least a partial
response after frontline therapy with physician-selected R-CHOP
(rituximab plus cyclophosphamide, doxorubicin, vincristine and
prednisone), R-CVP (rituximab plus cyclophosphamide, vincristine
and prednisone), or R-FCM (rituximab plus fludarabine, cyclo-
phosphamide and mitoxantrone) were randomly assigned between
2-year rituximab maintenance (every 8 weeks) or observation.21

Patients with grade 1, 2, or 3a FL were eligible for induction if they
were older than 18 years and presented with at least 1 high-
burden criterion among the following: any nodal or extranodal
tumor mass with a diameter.7 cm, involvement of three nodal
sites with a diameter .3 cm, the presence of systemic symp-
toms, substantial splenic enlargement, presence of any com-
pression syndrome (ureteral, orbital, gastrointestinal) or serous
effusion (irrespective of cell content), or elevated serum levels of
LDH or b2m. Patients with responding disease (either complete
or partial response) were randomly assigned in a 1:1 ratio to receive
2 years of rituximab maintenance therapy (375 mg/m2 IV every
8 weeks) or observation, but all enrolled patients before the in-
duction phase were considered in the present study.

The protocol was approved by local or national ethics com-
mittees according to the laws of each country, and the study
was in accordance with the Declaration of Helsinki. All patients
gave written informed consent before registration. The PRIMA
studywas registered on theNational Institutes of Health website,
number NCT00140582. The trial demonstrated a significant im-
provement of the primary endpoint (ie, PFS from randomiza-
tion) in the rituximabmaintenance group.21 Three-year PFS was
74.9% (95% confidence interval [CI], 70.9-78.9) in the rituximab
maintenance group and 57.6% (95% CI, 53.2-62.0) in the ob-
servation group (stratified log rank, P , .0001).

External validation cohorts of patients
One hundred seventy-five patients with high-tumor-burden FL
from the rituximab-containing arm of treatment (R-CHVP1
interferon) from the FL2000 trial8,21 and304patients prospectively

enrolled in the Molecular Epidemiology Resource (MER) of the
University of Iowa/Mayo Clinic Lymphoma Specialized Program of
Research Excellence treated with initial immunochemotherapy
served as a pooled validation cohort. For the FL2000 cohort,
patients were required to have Ann Arbor stage II-IV disease with
at least 1 criterion of high tumor burden. Patients in the R-CHVP1
interferon group received 6monthly courses consisting of rituximab
(375 mg/m2), cyclophosphamide (600 mg/m2 IV on day 1),
doxorubicin (25 mg/m2 IV on day 1), etoposide (100 mg/m2 IV
on day 1), and prednisolone (40 mg/m2 orally from days 1 to 5)
combinedwith interferon-a2a (4.5 or 3million units per injection 3
times a week for patients aged #70 or .70 years, respectively),
followed by 18 months of interferon-a2a maintenance. For the
MER cohort, briefly, since September 2002, enrollment was of-
fered to consecutive, newly diagnosed patients with lymphoma
(within 9 months) who were evaluated at the University of Iowa or
Mayo Clinic Rochester and who were aged 18 years or older, had
no history of HIV infection, and were residents of the United
States.22 All diagnoses were confirmed by study hematopathol-
ogists. Baseline clinical, laboratory, and treatment data were
abstracted from medical records, using a standard protocol. Pa-
tient management including treatments was per treating physi-
cian. All participants were systematically contacted every 6
months for the first 3 years, and then annually thereafter. Inclusion
criteria for this analysis were initial diagnosis of grade 1-3a FL and
being enrolled from 1 September 2002 to 31 December 2012.
Patients with primary cutaneous follicle center lymphoma, FL
grade 3b subtype, and a composite diagnosis including another
(nonfollicular) lymphoma subtype, posttransplant lymphoproli-
ferative disorder, or evidence of clinical or pathological trans-
formation at the time of initial FL diagnosis were excluded. This
study was reviewed and approved by the human subject in-
stitutional review board at the Mayo Clinic and the University of
Iowa, and written informed consent was obtained from all
participants.

Statistical methods
In the present study, PFS wasmeasured from the date of treatment
initiation to the date of death from any cause, disease relapse or
progression, or the date of last contact. Overall survival (OS) was
calculated from the date of treatment initiation until the date of
death from any cause or the date of last contact. PFS was con-
sidered as the primary efficacy endpoint for model building. Event-
free survival (EFS) was the outcome endpoint used in the MER
cohort and was therefore used for the validation combined cohort.
EFS was calculated from the date of treatment initiation until the
date of death from any cause, disease relapse or progression,
unplanned retreatment of lymphoma after initial management,
or the date of last contact. EFS24 was defined as EFS status
24months fromdiagnosis, as previously described.23,24OS from fail-
ing EFS24 (ie, early progression) was defined as time from EFS24
failure to death or last follow-up. OS from achieving EFS24 was
defined as time from achieving EFS24 to death or last follow-up.

Variables considered for model building included age, sex, PS,
B symptoms, stage, number of nodal and extranodal sites in-
volved, LDH, hemoglobin, longest diameter of the largest lymph
node, presenceof effusion and compression syndrome, circulating
lymphoma cells, platelet count, serum albumin, bone marrow
involvement, and b2m. Serum albumin and Eastern Cooperative
Oncology Group (ECOG) score could not be eligible because of,
respectively, a high number of missing values (n5 223) and a low
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number of patients with a score above 1 (n 5 49). For model
development, categorical variables were used (bone marrow in-
volvement, sex, B symptoms, effusion syndrome, or the presence
of circulating malignant cells). All continuous variables were di-
chotomized according to thresholds determined using Cox re-
gression cubic splines analysis for PFS (supplemental Figure 1,
available on the Blood Web site).25 For score system building, a
subsampling analysis was performed on 100 subsets of a ran-
domly selected subpopulation consisting of 90% of the whole
cohort of patients. For each sample, stepwise multivariate Cox
model was used with a P level of entry set up at 0.1 and a level
of stay at 0.05. To determine a simplified and parsimonious
prognostic model, the most significant and frequently selected
covariates in the subsampling analysis were used in conditional
inference trees26 to identify 3 patient-groups experiencing dif-
ferential outcome in terms of PFS. The minimum P value for which
a split was implemented was set up at P 5 .001 (no pruning was
performed), and the maximum depth of trees was fixed at 2.27

For comparison with the FLIPI, each model’s discrimination was
computed using the log-rank x2 value, the Concordance Proba-
bility Estimates (CPE) by Harrell’s c-index,28 and the Net Reclas-
sification Improvement (NRI; see supplemental Statistical Methods
for further details).29

The PRIMA-PI was externally validated on the independent
combined cohort of patients from the FL2000 trial and the MER
cohort. As patient characteristics (age, sex, stage, and b2m) were
comparable, the 2 cohorts were pooled to provide an inde-
pendent data set with meaningful size. Models’ performances
were compared as previously described for the PRIMA cohort.

All statistical tests were 2-sided. A P value ,.05 was consid-
ered statistically significant. Statistical analyses were per-
formed using SAS version 9.2 for PC (SAS Institute, Cary, NC)
and R version 3.2.3.30

Results
Patient characteristics
Patient characteristics of the PRIMA data set are summarized in
Table 1 and in supplemental Table 1 for the FL20008,21 and the
MER cohorts. Briefly, the final population of the PRIMA trial with
a confirmed FL grade 1-3a histology and who received an in-
duction treatment was 1135 patients. Thirty-five percent of
patients were older than 60 years, 52% were men, and most
of them had disseminated stage III-IV disease (90%). b2m, which
was locally measured in each center, was above 3mg/L in 30% of
patients. Most patients received an induction regimen con-
taining R-CHOP (74%), and only 22% and 4% received R-CVP
and R-FCM, respectively. As per protocol design, 50% of the
974 randomizedpatients (ie, whowere in response after induction)
received rituximab maintenance. In the pooled external vali-
dation cohort, 47% of patients were older than 60 years,
54% were men, 81% had stage III/IV disease, 34% had a b2m
higher than 3 mg/L and 50% had bone marrow involvement.
Treatmentwas R-CHVP followedby interferonmaintenance in 37%
of the cohort (corresponding to the population of the R-containing
group of treatment of the FL2000 trial), R-CHOP in 25%, and
R-bendamustine in 22%. Twenty percent of patients in the pooled
validation cohort received rituximab maintenance.

Simplified prognostic score development in the
PRIMA cohort
The best cut-points were found identical to usual clinical
thresholds for most parameters: 12 g/dL for hemoglobin level,
1503 109/L for platelets, 40 g/L for albumin, 60mm for diameter
of the largest tumor size, upper normal limit for LDH, more than
1 extranodal site, or a PS above 1. In this high-burden population
requiring immediate treatment with immunochemotherapy, best
cutoff for b2m was 3 mg/L (and not the upper normal limit, as
for the FLIPI2), and a limit of 6 involved nodal areas was more
discriminative compared with the 4 nodal areas threshold in
the FLIPI score (supplemental Figure 1). Because computation of
the number of nodal areas was already cumbersome with a cut-
point at 4, the cutoff was yet left unchanged. Themost frequently
selected variables in the subsampling analysis for prognostic
model determination were b2m, hemoglobin level, sex, LDH
level, and bone marrow involvement. Effusion syndrome and
number of nodal areas were selected in approximately half
of models, whereas age, B symptoms, Ann Arbor stage, and
extranodal involvement were retained in less than half of final
models. Other parameters were not maintained in any of the
models in subsampling analysis.

Given those results, the 5 variables (sex, LDH, bone marrow
involvement, hemoglobin, and b2m) were considered for condi-
tional inference trees. A 2-variable model score using only b2m
and bone marrow involvement was found to be optimal. The final
simplified score herein referred to as the PRIMA-PI comprised
3 risk categories: high (b2m. 3mg/L), low (b2m# 3mg/L without
bone marrow involvement), and intermediate (b2m # 3 mg/L
with bone marrow involvement; Figure 1).

Scoring systems in the PRIMA cohort
PFS curves according to the PRIMA-PI, the FLIPI, the FLIPI2, and
the b2m1LDH score are presented in Figure 2A-D. All scores
were able to discriminate subgroups of patients with significantly
different prognosis (P , .0001 for all). PFS according to the 4 dif-
ferent scoring systems in the observation and rituximab mainte-
nance groups of treatment of the PRIMA study are presented in
supplemental Figure 2A-H.

Risk categories were evenly distributed by the PRIMA-PI (34%,
34%, and 32% for the low-, intermediate-, and high-risk groups,
respectively). Five-year PFS was 69% (95% CI, 64%-73%),
55% (95% CI, 49%-60%), and 37% (95% CI, 32%-42%) for the
PRIMA-PI in the low-, intermediate-, and high-risk groups, re-
spectively (Table 2). As expected, because it was built on the

2m

Bone marrow 
involvement

Low risk

Int risk

High risk>3 mg/L

Yes

No

<3 mg/L

Figure 1. PRIMA-PI score calculation.
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PRIMA cohort, the PRIMA-PI displayed high model performances
(Table 3).When comparing the FLIPI, the FLIPI2, and theb2m1LDH
score, all presentedwith robust performances, as assessed by log-
rank x2, CPE, and positive NRI (Table 3). The FLIPI2 identified a
low number of patients (n 5 74) falling into the low-risk category
(ie, with zero risk factor) with an excellent prognosis (Figure 2C).

EFS24 in the PRIMA cohort
Approximately 25% of patients experienced early disease pro-
gression within 24 months of therapy initiation. We confirmed that
EFS24 was highly correlated with subsequent OS duration. For
patients without disease progression before 24 months, 5-year OS
from the 24-month landmark was 92% (95% CI, 80%-94%) com-
pared with 63% (95% CI, 57%-70%) from the risk-defining event for
patients whoprogressed in the first 24months (P, .0001; Figure 3).

The FLIPI was shown to be correlated with the risk for progres-
sion before 24 months after treatment initiation.23 According to
the FLIPI, proportions of patients experiencing EFS24 (ie, early
treatment failure) were indeed 16%, 21%, and 31% in the low-,
intermediate-, andhigh-risk categories, respectively (P51.3631025).

According to the PRIMA-PI, proportions of patients experiencing
EFS24 were 14%, 21%, and 38% in the low-, intermediate-, and
high-risk categories, respectively (P5 1.413 10212; supplemental
Table 2). Both the FLIPI and the PRIMA-PI were therefore strongly
associated with early progression.

OS in the PRIMA cohort
Because the primary endpoint for building the FLIPI was OS
compared with PFS for the PRIMA-PI, we next assessed whether
the PRIMA-PI could segregate patient outcome in terms of OS.
Because of the very small number of deaths in the low- and
intermediate-risk categories, both for the PRIMA-PI and the
FLIPI, the 2 categories were merged. OS in the PRIMA cohort
was 93% at 5 years in the low-/intermediate-risk category vs
84% in the high-risk category for the FLIPI and 93% vs 81% for
the PRIMA-PI (P , .0001 for both; supplemental Figure 3A-B).
Because age is part of the FLIPI but not of the PRIMA-PI, we also
considered lymphoma-specific survival. Both the FLIPI and the
PRIMA-PI were significantly associated with lymphoma-specific
survival (P , .0001 for both; supplemental Figure 3C-D).
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Figure 2. PFS in the training cohort. (A) PRIMA-PI. (B) FLIPI. (C) FLIPI2. (D) LDH 1 b2m score.
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External validation in the pooled FL2000 and
MER cohorts
Because the PRIMA-PI was built on the PRIMA cohort and was
therefore associated with overfitting, the model was tested in a
pooled external and independent validation cohort (N 5 479)
(Table 1; supplemental Table 1). In this validation cohort, the
PRIMA-PI remained at least as discriminatory for EFS as the FLIPI
(Table 3; Figure 4A and B). Five-year EFS in the validation cohort
was 77% (95% CI, 69%-83%), 57% (95% CI, 48%-66%), and
44% (95%CI, 35%-52%) in the PRIMA-PI low-, intermediate-, and
high-risk groups, respectively (P , .0001).

Because the precise longest diameter of the largest involved
lymph node was not available in the MER cohort, the FLIPI2
could not be computed and the PRIMA-PI could therefore
not be compared with the FLIPI2 in this validation cohort.
Regarding the b2m1LDH scoring system developed by Press
et al.,17 the PRIMA-PI demonstrated better performance
(Table 3; Figure 4C). With regard to EFS24, the PRIMA-PI also
showed good discrimination power in this validation data set
(supplemental Table 3).

Discussion
In FL, several prognostic indexes have been proposed during
the last 30 years. Developed in the early 1990s, the international
prognostic index (IPI) for aggressive lymphomas has shown
modest performance in discriminating patients’ prognosis in FL.31

Most patients with FL fall into the low- or the intermediate-risk
categories of the IPI, precluding balanced risk group compari-
sons.32 More recently, the Italian Lymphoma Intergroup Index14 in
2000, followed by the Follicular Lymphoma International Prog-
nostic Index15 in 2004, have refined prognostic assessment in FL
based on 6 and 5 bioclinical parameters, respectively. Finally, the
FLIPI2 was proposed in 2009, based on a large and, for the first
time, prospective data collection by Federico et al.16 b2m, which
was already considered a significant prognostic parameter in FL in
previously published series,33-35 could be incorporated into the
model and further improved patients’ segregation, whereas it
could not be considered for the FLIPI because of a large number
of missing data. In an attempt to find a surrogate for the number
of nodal sites involved, which is the most laborious and non-
reproducible parameter to assess in routine practice in the FLIPI, it
was shown that the tumor burden could be approximated by the
longest diameter of the largest involved node. However, over
the course of almost 10 years, the FLIPI has still been the most
widely used prognostic index in FL, mainly because of its robust-
ness in discriminating fairly balanced risk groups in populations
treated with highly diverse regimens. More recently, efforts
have been made to develop simplified scoring systems like the
LDH1b2m score, developed by Press et al.,17 defining 3 risk
categories according to these 2 simple parameters (LDH and/or
b2m above the upper limit of the normal).

To date, no score has been specifically developed on the basis
of a cohort of patients solely treated with rituximab-containing
immunochemotherapy. In the FLIPI2, for instance, only 59% of
patients received a systemic therapy containing rituximab. Here,
we took advantage of the large randomized phase 3 PRIMA
trial with prospectively collected bioclinical data to validate
previously developed scoring systems and to define a new prog-
nostic tool in patients treated with initial immunochemotherapy. Ta
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An important finding of the present study is the confirmation of
the prognostic value of the FLIPI, the FLIPI2, and the afore-
mentioned LDH1b2m scoring system in the PRIMA cohort of
patients. When developing a new scoring system, rather than the
sum of different individual prognostic factors, the PRIMA-PI was
devised using conditional inference trees. The technique allows
for a maximal separation of populations with different prognoses,
using the minimum number of significant parameters, and has
been already fruitfully applied in multiple myeloma for building
the International Staging System.36 The main advantage of the
PRIMA-PI is that it is easy to calculate in routine clinical practice
and does not require the cumbersome and error-prone compu-
tation of the lymph node areas. Furthermore, based on model
performance comparison in the validation data set, it appears
to be as discriminant as the FLIPI and more performant than the
LDH1b2m score for this specific population of patients treated
upfront with immunochemotherapy. One caveat of the study is
that it could not be comparedwith the FLIPI2 in the validation data
set because of the unavailability of the longest diameter of the
largest involved lymph node with a cutoff set up at 6 cm.
Therefore, further validation will be warranted to confirm that
the PRIMA-PI can be considered as discriminant as the FLIPI and
the FLIPI2 for patients treated with immunochemotherapy.

Because only 22% of the patients in the validation cohort were
treated with R-bendamustine, the PRIMA-PI also warrants further
validation in other trial and real-world cohorts using this agent.
In addition, recent data providing evidence of a PFS advantage
associated with the use of obinutuzumab in first-line therapy in FL
underlines the need to validate these scoring systems when this
new anti-CD20 is used in combination with chemotherapy.13 Fi-
nally, novel chemotherapy-free combinations entering the field
will probably challenge conventional clinico-biological parame-
ters, and score performances will need to be further confirmed.

Altogether, most of these different scoring systems demon-
strated the key prognostic value of b2m that should be part of the
pretreatment workup in FL. We found that a 3 mg/L cutoff value
was able to identify a subpopulation with a particularly pejorative
outcome, even when testing was performed in different labo-
ratories using different methods.

Bone marrow involvement might not be the most convenient
parameter to evaluate in the disease, especially in routine
practice. With the broader use of positron emission tomography/
computed tomography (PET-CT) in the clinical staging and re-
sponse assessment of FL,37,38 the role and the utility of the bone
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in the training cohort.

Table 3. Model performance for PFS in the training cohort and for EFS in the validation cohort

Training cohort (PRIMA) Validation cohort (FL20001MER)*

FLIPI PRIMA-PI FLIPI2 b2m1LDH FLIPI PRIMA-PI b2m1LDH

Log-rank x2 45.64 81.96 54.12 41.23 27.17 29.47 19.39

CPE (6SE) 0.577 (60.011) 0.604 (60.011) 0.577 (60.010) 0.572 (60.011) 0.605 (60.020) 0.606 (60.019) 0.577 (60.017)

NRI (6SE) ref 136.7% (66.1%) 124.7% (65.8%) 21.3% (65.9%) ref 13.5% (68.7%) 27.1% (69.8%)

*The FLIPI2 could not be calculated in the validation cohort because of the unavailable diameter of the longest diameter of the largest involved lymph node with a cutoff set up at 6 cm in the
MER cohort.

ref, reference value; SE, standard error.
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marrow biopsy tends to be challenged. However, the parameter
could not be substituted for any other variable while keeping with
the objective of being the most parsimonious, despite extensive
statistical analyses (not shown). In case of a high tumor burden
disease or in case of a disease requiring immediate immunoche-
motherapy (where the PRIMA-PI has been built and validated),
most clinicians still perform a bone marrow biopsy. Recent reports
suggest that the PET scanner could be useful for evaluating bone
marrow infiltration,39 and whether PET-CT results could be used
for PRIMA-PI calculation warrants further investigation.

Recently, postinduction variables have been validated as strong
predictive parameters for subsequent outcome. Best response
during the first 2 years,40 complete response at 30 months,41

and achievement of EFS24 or PFS24 for patients treated with
immunochemotherapy,23,24 have demonstrated robust predic-
tion of subsequent OS. In the present study, the PRIMA-PI was
correlated to EFS24, highlighting its capacity to identify pa-
tients with an adverse prognosis with only 2 parameters.

New advances in biology have demonstrated the role of muta-
tional status of selected genes for outcome prediction.18Mutations

in EP300, FOXO1, CREBBP, and CARD11 have been associated
with an inferior outcome as opposed to mutations in MEF2B,
ARID1A, and EZH2, found in patients with a more prolonged
failure-free survival.18 Along with the FLIPI and the ECOG status,
mutation patterns have thus been incorporated into the m7-FLIPI
for more accurate outcome prediction. As molecular tools as well
as posttreatment parameters will be progressively incorporated,
parsimony in a clinical model backbone is desirable. Because of its
simplicity, bio-molecular scores based on the PRIMA-PI might then
be easier to compute than scores based on the FLIPI or the FLIPI2.

In conclusion, we confirmed that all previously described scoring
systems in FL are still robust predictors of outcome in patients treated
with initial immunochemotherapy with or without maintenance
therapy, but that a simplified scoring system, the PRIMA-PI, might
have at least as good discriminatory capacity with only 2 pa-
rameters for convenient use in routine clinical practice.
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