
REVIEW

Unmet needs in the first-line treatment of follicular
lymphoma

C. Casulo1*, L. Nastoupil2, N. H. Fowler2, J. W. Friedberg1 & C. R. Flowers3

1Department of Medicine, Hematology/Oncology, WIlmot Cancer Institute, University of Rochester Medical Center, Rochester, New York; 2Department of
Lymphoma/Myeloma, MD Anderson Cancer Center, Houston; 3Department of Bone Marrow and Stem Cell Transplantation, Winship Cancer Institute, Emory
University, Atlanta, USA

*Correspondence to: Dr Carla Casulo, Department of Medicine, WIlmot Cancer Institute, University of Rochester Medical Center, 601 Elmwood Avenue, Box 704, Rochester, NY
14642, USA. Tel: þ1-585-273-3258; E-mail: Carla_Casulo@URMC.Rochester.edu

For the majority of patients with newly diagnosed follicular lymphoma (FL), current treatments, while not curative, allow for long
remission durations. However, several important needs remain unaddressed. Studies have consistently shown that�20% of patients
with FL experience disease progression within 2 years of first-line treatment, and consequently have a 50% risk of death in 5 years.
Better characterization of this group of patients at diagnosis may provide insight into those in need of alternate or intensive therapies,
facilitate a precision approach to inform clinical trials, and allow for improved patient counseling. Prognostic methods to date have
employed clinical parameters, genomic methods, and a wide assortment of biological and biochemical markers, but none so far has
been able to adequately identify this high-risk population. Advances in the first-line treatment of FL with chemoimmunotherapy have
led to a median progression-free survival (PFS) of approximately 7 years; creating a challenge in the development of clinical trials
where PFS is a primary end point. A surrogate end point that accurately predicts PFS would allow for new treatments to reach patients
with FL sooner, or lessen toxicity, time, and expense to those patients requiring little to no therapy. Quality of response to treatment
may predict PFS and overall survival in FL; as such complete response rates, either alone or in conjunction with PET imaging or min-
imal residual disease negativity, are being studied as surrogates, with complete response at 30 months after induction providing the
strongest surrogacy evidence to date. A better understanding of how to optimize quality of life in the context of this chronic illness is
another important focus deserving of further study. Ongoing efforts to address these important unmet needs are herein discussed.
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Introduction

Follicular lymphoma (FL), the second most common non-

Hodgkin lymphoma (NHL) in Western countries, accounts for

�20% of NHL cases globally [1]. Although indolent in nature

and often responding well to initial therapy, advanced-stage FL is

an incurable malignancy characterized by frequent relapses and

often increasingly aggressive disease, with risk of transformation

to a more aggressive histology [2].

The natural history of FL has changed over the past several

years, largely due to the incorporation of novel therapies and the

monoclonal antibody rituximab. Overall survival (OS) has sig-

nificantly improved and now approaches two decades [3, 4].

However, considerable clinical heterogeneity to the disease exists.

Early disease recurrence in particular has significant clinical im-

plications, and relapse within 24 months of first line treatment

is estimated to occur consistently in as many as 20% of patients

[5–8]. Progression within 24 months of initial chemotherapy

(PFS 24) has recently been established as a robust predictor of

survival in FL and associated with inferior outcomes, with only

34%–50% of patients being alive at 5 years [9]. With findings

validated in multiple independent cohorts of patients, the repro-

ducible frequency of early relapse is indicative of a uniquely high-

risk subset of FL patients with heterogeneous disease biology.

Currently available clinical prognostic markers cannot ad-

equately identify patients who will experience early relapsing or

chemorefractory disease. Gene expression profiling (GEP) stud-

ies established the importance of the tumor microenvironment

(TME) and sentinel mutations in FL prognosis [10–13].

However, there are currently no accurate markers associated

with, or predictive of, early progressive disease. A recent clinical-

genetic risk model (m7-FLIPI) including the mutation status of
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seven genes, the FLIPI, and the Eastern Cooperative Oncology

Group (ECOG) performance status, was found to improve the risk

stratification for survival in high FLIPI risk FL patients receiving

first-line treatment but had limited use in predicting PFS 24 [14].

However, it was not able to accurately predict all patients with sub-

sequent early relapse. Similarly, there is no standard treatment of

early relapsed FL. The National Clinical Trials Network of the

National Cancer Institute recently convened a lymphoma clinical

trials planning meeting to determine priorities for lymphoma clin-

ical trials research. Consensus from this meeting established that

the top priority in FL was to impact this defined group of high-risk

patients [15]. Increased knowledge about biologic determinants of

early relapsing FL will facilitate the development of innovative,

precision approaches tailored to individual patients. This review

examines strides made in developing new prognostic tools and sur-

rogate FL clinical trial end points that may help improve outcomes

for these high-risk patients.

Front line treatment—overview

For patients with asymptomatic, low tumor burden, advanced

stage FL, the timing of first-line treatment initiation is of import-

ant consideration. The watch-and-wait approach is generally

implemented until the occurrence of symptoms or signs of advanc-

ing lymphoma (e.g. B symptoms, organ involvement, ascites or

pleural effusion, rapid progression, or bone marrow infiltration)

[16, 17]. Most studies have found no significant difference in sur-

vival between watchful waiting versus induction chemotherapy

[18] or observation versus treatment with chemoimmunotherapy

or rituximab monotherapy [19], suggesting that watchful waiting

is a viable option to defer toxicities associated with active treat-

ments. Given the long natural history of FL, consideration of qual-

ity of life (QoL) in selecting therapy is paramount. Although the

issue remains controversial, at least one recent study reported im-

proved time to next treatment, progression-free survival (PFS),

and QOL, but not OS in asymptomatic patients treated with rituxi-

mab induction and maintenance versus observation [20].

The landmark trials adding rituximab to first-line chemotherapy

improved outcomes for patients requiring treatment. In random-

ized studies, rituximab added to cyclophosphamide, doxorubicin,

vincristine, and prednisone (CHOP) [21] and cyclophosphamide,

vincristine, and prednisone (CVP) [22] significantly improved re-

sponse and survival versus chemotherapy alone. The FOLL05

study identified superior 3-year time to treatment failure and

PFS for R-CHOP and rituximab, fludarabine and mitoxantrone

(R-FM) induction therapy versus R-CVP, but with fewer grade 3/4

neutropenia for R-CVP/R-CHOP than R-FM [23]. Similarly, the

prospective, multicenter, US observational National LymphoCare

Study (NLCS) of patients with newly diagnosed FL showed lower

5-year PFS (49% versus 58% versus 64%; P¼ 0.029) and 5-year

OS (76% versus 86% versus 86%; P¼ 0.021) rates with R-CVP

versus R-CHOP versus R-fludarabine-based regimens, respectively

[24]. First-line bendamustine with rituximab (BR) had non-

inferior responses versus R-CHOP/R-CVP in indolent NHL

(iNHL) or mantle cell lymphoma (MCL) in the BRIGHT study

[25]. In another randomized study in iNHL and MCL, BR showed

significantly longer median PFS than R-CHOP (69.5 versus

31.2 months, P< 0.0001) and better tolerability [6].

Studies including ECOG1496 (CVP 6 rituximab maintenance)

and PRIMA (CVP, CHOP, or FCMþ rituximab maintenance

versus observation) found significant benefit in PFS (but not OS)

with rituximab maintenance following first-line FL treatment

[5, 26, 27], although a short (8 month) course of rituximab main-

tenance did not significantly improve 2-year PFS versus observa-

tion (81% versus 69%, HR¼ 0.74, P¼ 0.226) in older patients

whose disease had responded to rituximab plus fludarabine,

mitoxantrone, and dexamethasone (R-FND) [28]. For patients

with low tumor burden FL, rituximab maintenance versus retreat-

ment provided similar disease control and health-related QOL

(HRQOL) in the ECOG E4402 (RESORT) study [29].

As these studies highlight, most newly diagnosed FL patients

treated per current paradigms enjoy long PFS and OS despite an

incurable illness. However, large randomized studies have con-

sistently shown that irrespective of treatment choice, at least 20%

of patients with newly diagnosed FL experience disease progres-

sion within 2 years of first-line therapy [5, 6, 8, 23]. Moreover,

these patients have poorer OS compared with those patients who

did not relapse within 2 years [9].

Identifying patients at risk of short survival

Validated prognostic methods that identify patients at the time of

diagnosis who are at risk of shortened survival could inform ther-

apy selection and clinical trial enrollment, improve stratification

and data interpretation, and enhance patient counseling. An ana-

lysis of NLCS data from 588 patients with stage II–IV FL receiving

first-line R-CHOP showed that consistent with other studies,

19% patients relapsed within 2 years of diagnosis [9]. Patients

with early relapsing disease were significantly more likely than pa-

tients without early progression (>2 years) to have high-risk

Follicular Lymphoma International Prognostic Index (FLIPI)

scores (P¼ 0.007). Importantly, OS was markedly reduced in the

early progression group, with a 5-year survival rate of 50% from

the 2-year risk-defining event (i.e. progression or death) com-

pared with 90% for patients without early progression (Figure 1).

The OS hazard ratio for early versus non-early progressors receiv-

ing first-line R-CHOP was 6.44 after adjusting for FLIPI score.

Exploratory analyses of NLCS patients treated with first-line

R-CVP and R-fludarabine yielded similar results. Validation of

these data in an independent cohort of FL patients found similar

rates of poor (34%) 5-year OS in early relapsing disease. Given

the marked worse prognosis associated with early relapse after

first-line chemoimmunotherapy, this event may provide an in-

formative trial selection criterion.

There exist several previously reported prognostic methods

that may be useful in identifying at diagnosis the patients who re-

lapse within 2 years. In patients with newly diagnosed FL, FLIPI is

the most widely used clinical prognostic index (Table 1) [30]. For

FL patients, FLIPI score incorporates better predictive factors for

estimating survival than the International Prognostic Index [30],

and although originally based on data from the pre-rituximab

era, studies employing various treatment regimens have con-

firmed its prognostic abilities [31, 32]. FLIPI score has also been

reported to predict for the risk of histological transformation in

grade 1 and 2 FL [33], and was prognostic for 5-year survival after

first-line progression [34].
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The International Follicular Lymphoma Prognostic Factor

Project subsequently considered FL prognostic indices in the rit-

uximab era using more recently reported clinical parameters (e.g.

b2-microglobulin) and PFS as end points [35]. The resulting

index, FLIPI2 (Table 1), stratifies patients into low-, intermedi-

ate-, and high-risk groups, which show 3-year PFS rates of 91%,

69%, and 51%, respectively (P< 0.00001) [35]. In addition,

FLIPI2 does not require the assignment of lymph node groups,

which with FLIPI may result in inconsistent scoring [36]. In com-

parison studies, FLIPI2 has superior prognostic ability, although

FLIPI is still more commonly used [36, 37].

These two FLIPI measures cannot predict response to specific

treatments, particularly with newer targeted agents [38]. To ad-

dress this issue and improve prognostic accuracy, the German

Low-Grade Lymphoma Study Group (GLSG) explored the incorp-

oration of gene mutational status into FLIPI scoring by multivari-

able analysis for recurrent mutations in complete sequences of 74

genes from biopsies of 151 patients with previously untreated,

symptomatic, advanced stage FL within 1 year of receiving R-

CHOP and interferon maintenance [14]. Non-silent mutations

from seven genes were incorporated into a model that included

FLIPI and Eastern Cooperative Oncology Group performance sta-

tus (ECOG PS) to yield the m7-FLIPI (Table 1). In the validation

cohort, m7-FLIPI-defined high- versus low-risk groups had 5-year

failure-free survival (FFS) rates of 25% versus 68% (HR¼ 3.58,

P< 0.0001), respectively. Risk stratification by m7-FLIPI outper-

formed stratification methods evaluated by FLIPI and FLIPI com-

bined with ECOG PS. Notably, not all gene mutations were
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Figure 1. Overall survival from risk-defining event after diagnosis in patients treated with R-CHOP in (A) the National LymphoCare Study
Group, and (B) a validation set of patients with first-line FL treated with R-CHOP. Early progression of disease (POD) was defined as progres-
sion within 24 months of diagnosis. Reprinted with permission. VC 2015 American Society of Clinical Oncology. All rights reserved. Casulo, C
et al: J Clin Oncol 33(23), 2015: 2516–2522 [9].
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associated with higher risk. Approximately half of the patients

defined as high-risk by FLIPI were downgraded to low-risk by m7-

FLIPI and had outcomes consistent with the low-risk group

(Figure 2) [14]. In most cases, the difference in classification was

due to a mutation of the transcriptional repressor EZH2 that low-

ered the 5-year FFS risk among high-risk FLIPI patients. However,

there are limitations on the ability of m7-FLIPI to prospectively

identify patients who progress within 2 years of diagnosis (i.e. early

progressors). In the same GLSG patient group plus 107 patients

from a Canadian population-based registry who received R-CVP

plus rituximab maintenance [i.e. British Columbia Cancer Agency

(BCCA)], high-risk m7-FLIPI patients were shown to be highly en-

riched among early progressors (within the first 2 years), but it was

also evident that a significant proportion of the early progressors

had been classified as low-risk by m7-FLIPI [39].

Other genomic methods have been explored for their possible

prognostic utility in FL. GEP of 191 untreated FL biopsy speci-

mens has shown 2 gene signatures based on molecular features of

immune cells present at diagnosis that helped predict median

survival within 4 quartiles [10]. A separate study identified a se-

lect genetic profile of 81 genes that could accurately distinguish

low-grade from high-grade FL [40]. A study of differential gene

expression in samples from FL patients treated with CHOP, iden-

tified 14 genes, including cyclin B1 (CCNB1), with high expres-

sion in a complete response (CR) group and low expression in a

progressive disease (PD) group [41] (Table 2). High CCNB1 ex-

pression was independently prognostic in favor of improved OS

when evaluated with FLIPI by multivariate analysis. A genome-

wide comparative hybridization study reported copy number

variants in 16 regions that were independent predictors from the

International Prognostic Index (IPI) for OS in a multivariate

model [42]. Subsequent work by the same group associated a mu-

tation in the gene for tumor necrosis factor receptor superfamily

member 14 (TNFRSF14) with significantly inferior OS and

disease-specific survival [43]. Genome-wide copy number ana-

lysis from 198 FL and 79 transformed FL patient samples identi-

fied abnormalities in chromosomes X and 6 that predicted for

shorter OS [44]. In a GEP analysis of 128 FL tumor specimens,

chromosomal deletions affecting the cyclin-dependent kinase

inhibitor 2A/B gene were significantly associated with inferior

survival [45]. In addition to these genomic aberrations, age

(>60 years), extranodal involvement, and high LDH were also

significant predictors for shorter OS by multivariate analysis.

Large genome wide profiling studies have established that epigen-

etic modification is especially important in FL; for example,

MLL2 mutations are found in 89% of FL and are thought to be

drivers of lymphomagenesis [46, 47]. Many other markers have

also been evaluated for their association with outcomes (Table 2)

[41, 48–68].

Low serum levels of vitamin D at diagnosis were associated

with significantly shorter 5-year PFS and OS for 183 patients

receiving CHOP plus rituximab or iodine-131 tositumomab in

multiple SWOG studies (S9800, S9911, or S0016) and signifi-

cantly shorter 5-year PFS, but not OS in 240 patients receiving

Table 1. International prognostic indices in first-line FL

Index Risk parameters Risk categories Prognostic for

FLIPI Age >60 years 0–1: low OS [30]
Stage III/IV 2: intermediate TTF from diagnosis [29]
Hemoglobin <12 g/dl 3–5: poor Risk of transformation [31]
LDH >ULN 5-year survival from first progression [32]
>4 Nodal areas

FLIPI2 Age >60 years 0: low 3-year PFS from diagnosis [33]
Hemoglobin <12 g/dl 1–2: intermediate 3-year OS from diagnosis [33]
Serum b2M >ULN 3–5: poor 5-year PFS from diagnosis [34, 35]
Bone marrow involvement 5-year OS from diagnosis [34, 35]
Lymph node diameter >6 cm

m7-FLIPI FLIPI score >2 <0.8: low 5-year FFS from treatment
ECOG PS> 1 �0.8: high initiation [14]
Non-silent mutation in 5-year OS from treatment initiation [14]
EZH2
ARID1A
MEF2B
EP300
FOX01
CREBBP
CARD11

ARID1A, AT-rich interactive domain-containing protein 1A; b2M, beta-2 microglobulin; CARD11, caspase recruitment domain family, member 11;
CREBBP, cyclic adenosine monophosphate (cAMP) response element-binding protein; ECOG PS, Eastern Cooperative Oncology Group performance sta-
tus; EP300, E1A binding protein 300; EZH2, enhancer of zeste homolog 2; FFS, failure-free survival; FL, follicular lymphoma; FLIPI, follicular lymphoma
International Prognostic Index; FOX01, forkhead box protein 01; LDH, lactate dehydrogenase; MEF2B, myocyte enhancer factor 2B; OS, overall survival;
PFS, progression-free survival; TTF, time to treatment failure; ULN, upper limit of normal.
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Figure 2. Reclassification of risk category by m7-FLIPI. (A) Migration plot showing reclassification of patients by m7-FLIPI in both cohorts. (B)
m7-FLIPI score for all high-risk FLIPI patients from the GLSG2000 cohort, along with the ECOG PS and molecular predictors. Boxes indicate
high-risk FLIPI, an ECOG performance status of more than 1, or a mutation in the indicated gene, and the color code indicates the coefficient
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BCCA and GLSG2000 cohorts are shown. Reprinted from The Lancet Oncology, 16/9, Pastore et al., Integration of gene mutations in risk prog-
nostication for patients receiving first-line immunochemotherapy for follicular lymphoma: a retrospective analysis of a prospective clinical trial
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Table 2. Potential prognostic markers in first-line FL at diagnosis

Marker at diagnosis N Frequency Risk increased P-value Comment

CCNB1 [41] 57 High CCNB1 expression led to better OS 0.010 FL responders to CHOP CCNB1 was independ-

ently prognostic for OS along with FLIPI

BCL2 mutated [48] 128a 12% With versus without BCL2 mutation Grade 1 or 2 FL patients

Transformation: HR 3.6 <0.0001 FLIPI-independent risk factor

Death from lymphoma: median 9.5 versus

20.4 years

0.012 Based on pre-rituximab era data

BM BCL2/IgHþ cells

>1/102 [49]

76 23% high

BM BCL2þ
High versus low/intermediate BM BCL2þ 0.007 All patients treated with CHOP followed by R in

responders who remained BCL2þ
CR: 26% versus 61% intermediate versus 71% low 0.02

5-year EFS: 32% versus 59%

TP53 mutated [50] 185 6% Mutated versus wt TP53 (adjusted for IPI) Also correlates with low expression of IR1

(P¼0.016), but not IR2 (P¼0.53), gene signa-

ture [10]

Shorter PFS: HR 3.6 <0.001

Shorter OS: HR 2.7 0.009

No association with transformation

TP53 mutated [51] 29 28% No difference between TP53 mutated versus

wtTP53 in OS from diagnosis or transformation

0.19 Samples from FL pre- and post-transformation to

DLBCL0.45

PB ALC <1�109/l [52] 228 28% ALC <1�109/l versus �1�109/l FLIPI-independent risk factor

Median OS: 73 versus 175 months <0.0001 Based on pre-rituximab era data

PB ALC <0.89�109/l

[53]

79 49% ALC <0.89�109/l versus �0.89�109/l ALC measured pre-rituximab treatment

Median TTP: 8.2 versus 36.5 months <0.0009 FLIPI-independent risk factor

CR: 13% versus 58% <0.0001

PB AMC >0.63�109/l

[54]

428 25% AMC �0.63�109/l versus >0.63�109/l AMC was FLIPI-independent risk factor

5-year PFS: 61% versus 44% 0.001 ALC �1�109/l was not significantly associated

with CR or 5-year PFSCR: 77% versus 54% <0.001

PB AMC �0.57�109/l

[55]

355 37% AMC <0.57�109/l versus �0.57�109/l FLIPI-independent risk factor

Median OS: Not reached versus 10.2 years (HR 2.6) <0.0001

PB ALC/AMC <4.7 [56] 99 77% ALC/AMC <4.7 versus �4.7 5-year PFS: 46% versus

77%

0.022 FLIPI-independent risk factor

Superior PFS also shown for cut-offs

ALC �1.1�109/l and AMC <0.32�109/l

Elevated serum IL-2R, IL-

1RA, and CXCL9 [57]

264 N/A Elevated cytokines correlated with shorter EFS 0.013 (IL-2R) Adjusted for IPI and initial therapy

HR 2.05 (IL-2R); 1.57 (IL-1RA); 1.96 (CXCL9) 0.042 (IL-1RA)

0.0012 (CXCL9)

Serum 25(OH)D 183 15% 25(OH)D <20 versus �20 ng/mL IPI-independent risk

<20 ng/mL (SWOG)

[58]

5-year PFS: 42% versus 65% 0.011 factor

5-year OS: 82% versus 92% 0.003

Serum 25(OH)D 240 25% 25(OH)D <10 versus �10 ng/mL IPI-independent risk factor

<10 ng/mL (PRIMA)

[58]

5-year PFS: 48% versus 61% 0.013

5-year OS: 88% versus 94% 0.14

High CD163þ macro-

phages [59]

76a (BCCA) 9% High versus low CD163þ 5-year PFS (BCCA): 29%

versus 61%

0.004 BCCA patients were treated with R-CVP

144a (PRIMA) 12% 5-year PFS (PRIMA): 55% versus 37% 0.030 PRIMA patients were treated with R-CHOP fol-

lowed by R maintenance or observation

CD68þ macrophages

>15/hpf [60]

99 12% CD68þ macrophages: <15 versus >15/hpf IPI-independent risk factor

Median PFS: 7.1 versus 1.7 years 0.001 Based on pre-rituximab era data

Median OS: 16.3 versus 5.0 years <0.001

TAMs content <67%

[61]

96 33% TAM <67% versus >67% FLIPI- and R-FLIPI-independent risk factor

5-year PFS: 38% versus 67% 0.006 All patients received R-CHOP

5-year OS: 90% versus 97% 0.116

High lymph node

CD8þ T-cell levels

>8.6% [62]

122 25% DSS: HR 0.18 0.002 High CD8þ cell levels correlated with 5� lower

risk of death

OS: HR 0.19 0.001 FLIPI-independent risk factor

No significance with survival identified based per

levels of CD19þ, CD3þ, CD4þ, CD4þ/CD3þ,

or CD8þ/CD3þ
CD4þ>PD-1low >26%

or CD8þ PD-1low

>45% T-cells [63]

32 �50% Shorter OS 0.007 (CD4þ) Low levels of PD-1 (but not high PD-1) in CD4þ
or CD8þ T-cells had significantly shorter OS0.026 (CD8þ)

Continued
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R-chemotherapy plus rituximab maintenance or observation

(PRIMA) [58]. Further studies are required to determine whether

serum vitamin D levels or supplementation may represent a

modifiable lifestyle factor in FL.

Existing prognostic methods for identifying patients with

newly diagnosed FL who are at risk of early progression and short

survival have many limitations and have not yet been fully

explored to determine whether these prognostic methods are able

to identify at diagnosis the patients relapsing within 2 years.

FLIPI and its modified versions, FLIPI2 and m7-FLIPI, have

some utility in risk stratification, but do not fully define this

population. Other methods have been investigated less widely.

Although proposed prognostic factors have been tested in valid-

ation cohorts after training cohorts, independent confirmation of

prognostic power in multiple large trials is lacking. The ability to

successfully identify the 20% of patients who are at risk of early

progression and shorter survival from the time of diagnosis will

be a major milestone on the road to improving outcomes in FL

and will foster clinical trials in this population.

Predictive models for FL are needed to match patients with

particular management strategies and to risk stratify and predict

outcomes for patients with first-line treatment strategies (e.g.

watchful waiting, chemoimmunotherapy, chemotherapy-free

immunotherapy). Currently, clinic-pathologic and genomic

prognostic markers are not being used in every day practice but

clinical trials in development will be evaluating the feasibility and

reproducibility of using novel pathologic biomarkers to risk

stratify patients. The upcoming Southwest Oncology Group

(SWOG) 1608 study will be prospectively evaluating The M7-

FLIPI, where patients with early relapsing FL will be randomized

to receive novel treatment strategies including a PI3kinase inhibi-

tor, lenalidomide, or CHOP, all with anti CD20 antibody

obinutuzumab.

A validated surrogate end point for

first-line FL trials

For most patients, advances in the treatment of FL have led to

considerable improvements in survival. Four-year OS and PFS of

91% and 61%, respectively, were reported with first-line CHOP

plus anti-CD20 antibodies in a combined analysis of multiple

SWOG studies from 1974 to 2004, which represented a significant

improvement over chemotherapy-based regimens [69]. A single-

institution study of patients with previously untreated grade 1 or

2 FL treated at Stanford University from 1960 to 2003 found im-

provements in median OS [but not event-free survival (EFS)]

from the pre-anthracycline (1960–1975) and anthracycline

(1976–1986) eras to the aggressive chemotherapy/purine analog

(1987–1996) and rituximab (1997–2003) eras [4]. Ten-year OS

Table 2. Continued

Marker at diagnosis N Frequency Risk increased P-value Comment

Follicular FOXP3þ T

cell pattern [64]

102 36% Follicular versus diffuse pattern of expression IPI-independent risk factor

Median PFS: 2.2 versus 8.8 years 0.001 Based on pre-rituximab era data

Median OS: 7.1 years versus NR <0.001

Median RT: 13.3 years versus NR 0.004

PD-1þ cells �5%, 6%–

33%, or> 33% [65]

100 25%, 50%,

25%

5-year PFS: 20%, 46%, 48%, respectively 0.038 FLIPI-independent risk factor

5-year OS: 50%, 77%, 95%, respectively 0.004

5-year RT: 29 (�5% PD-1þ) versus 7%

(>5% PD-1þ)

0.05

Lymph node MVD �51

[66]

46 55% MVD �51 versus >51 IPI-independent risk factor

Median PFS: 13 versus 47 months 0.02 Based on pre-rituximab era data

Median OS: 59 versus >94 months 0.03

Presence of tumor

sclerosis in lymph

nodes [67]

157 14% Shorter OS 0.0034 FLIPI-independent risk factor

Based on pre-rituximab era data

Low skeletal muscle

density (SMD)b [69]

145 41% SMD lowb versus high FLIPI-independent risk factor

Median PFS: 69.6 versus 106.7 months 0.01

Median OS: 92.7 months versus NR 0.0002

ORR: 83% versus 96% 0.01

Data were adjusted for multivariate analysis where available.
aIn the validation cohort.
bDefined as<36.6 and<33.1 Hounsfield units for non-overweight (BMI�25 kg/m2) and overweight (BMI�25 and>25 kg/m2) patients, respectively.
25(OH)D, 25-hydroxyvitamin D; ALC, absolute lymphocyte count; AMC, absolute monocyte count; BCCA, British Columbia Cancer Agency; BCL2, B-cell
lymphoma 2; BM, bone marrow; CCNB1, cyclin B1; CD, cluster of differentiation (cell surface marker); CHOP, cyclophosphamide, doxorubicin, vincristine,
and prednisone; CR, complete response; CXCL, chemokine (CXC motif) ligand; DLBCL, diffuse large B-cell lymphoma; DSS, disease-specific survival; EFS,
event-free survival; FL, follicular lymphoma; FLIPI, follicular lymphoma International Prognostic Index; FOXP3þ, forkhead box P3-positive; hpf, high pow-
ered field; HU, Hounsfield units; HR, hazard ratio; IL, interleukin; IPI, International Prognostic Index; IR1 or IR2, immune response 1 or 2; MVD, microvessel
density; N/A, not available; NR, not reached; ORR, overall response rate; OS, overall survival; PB, peripheral blood; PD-1, programmed cell death protein 1;
PFS, progression-free survival; PRIMA, Primary Rituximab and Maintenance; R, rituximab; RT, risk of transformation; SMD, skeletal muscle density; SWOG,
Southwest Oncology Group; TAM, tumor-associated macrophage; TP53, tumor protein p53; TTP, time to progression; wt, wild type
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rates were 54%, 54%, 68%, and 73% in those eras, respectively,

with improvements attributed to better treatment options and

supportive care rather than general life expectancy gains. In the

current chemoimmunotherapy era, median survival is likely ap-

proaching 20 years.

Although OS remains the ultimate standard by which cancer

therapies are judged, PFS represents a more practical end point

for clinical trials in FL. Unlike OS, treatment effects measured by

PFS are not diluted by the effects of subsequent therapy [70].

Median PFS with first-line chemoimmunotherapy induction and

rituximab maintenance is now>7 years [71]. The use of PFS as a

primary end point for regulatory approval of new FL therapies

still necessitates lengthy trials to reach the primary end point for

most patients. Phase III studies enrolling in excess of 1000 pa-

tients require more than 8 years to complete [72]. For example,

the ongoing RELEVANCE trial (NCT01650701) of rituximab

plus lenalidomide versus rituximab plus chemotherapy followed

by rituximab, has enrolled>1000 patients and is expected to re-

quire>12 years to complete [73]. During the ensuing time lag be-

tween the start of registration studies and commercial

availability, perhaps 15 years later, newer treatments might be de-

veloped or existing therapies consolidated, with potential loss of

therapeutic and clinical relevance for the ongoing study [74].

Clearly, expediting the development of novel therapies in first-

line FL to appropriately risk-stratify patients at diagnosis is desir-

able from many points of view.

A surrogate end point able to reliably predict treatment effects

on PFS earlier could shorten the length of time to reach a primary

end point, thus allowing effective new treatments to reach pa-

tients with FL sooner. Requirements for surrogate end points

have been mathematically defined [75] and precedents exist for

their use in other forms of cancer [76, 77], where they have at

times served as efficacy end points for FDA approval [78].

Overall response rate (ORR) is considered an acceptable end

point for FDA accelerated approval of oncology drugs, although

it seldom provides a true measure of clinical benefit, particularly

in the context of indolent disease with generally long survival out-

comes [78]. Several studies suggest that quality of response, as

determined by CR, may predict survival in FL. In the pre-

rituximab era, the GELF86 study showed significantly longer OS

in patients who achieved CR rather than PR (adjusted HR¼ 0.53,

P< 0.001) [79]. Another study of low-grade lymphomas also

found a significant (P< 0.0001) association of CR with survival

[80]. A compilation of trial-level data from 20 clinical trials (pub-

lished 1978–2005) in 5128 patients with indolent lymphoma

identified a significant correlation between CR and the 3-year

EFS/PFS ratio (P¼ 0.0007), but not with individual 3-year EFS,

PFS, or OS end points [81]. A separate meta-analysis of first-line

induction and/or consolidation (but not rituximab maintenance)

trials (published 2001–2006) in 2421 patients with indolent

lymphoma found a significant correlation between higher CR

and lower risk of disease progression (P< 0.001) [82].

More recently, the Follicular Lymphoma Analysis of Surrogacy

Hypothesis group analyzed trial-level and individual patient-

level data from 13 randomized, first-line, induction and/or main-

tenance studies in FL (N¼ 3837) published on/after 1990 for

which sufficient data on CR at 30 months after induction (CR30)

were available [71]. CR30 correlated with PFS using both linear

regression (R2
WLS) and copula bivariate (R2

Copula) models, and

CR30 met all pre-specified requirements for surrogacy

(R2
WLS ¼ 0:88, R2

Copula ¼ 0:86). CR at the earlier 24-month time

point (CR24) met the linear regression criteria, but did not

achieve the correlation using the copula bivariate criteria. Thus,

the authors concluded that first-line FL chemoimmunotherapy

effects on CR30 and PFS were highly consistent on both a trial-

and individual patient-level, validating its use as a surrogate end

point in this setting. Whether or not CR30 will maintain its prog-

nostic significance in an era of novel agents remains yet to be

determined and we anticipate will require further prospective val-

idation in clinical trials.

Positron emission tomography (PET) has been investigated

alongside malignant lymphoma response criteria [83] and its role

is increasingly being investigated in FL clinical trials. Recent iden-

tification of baseline total metabolic tumor volume correlated

with PET imaging represents an early predictor of high-risk pa-

tients and assists with risk-adapted approaches to treatment [84].

Several studies have posited a correlation between post-

induction PET negativity and favorable outcomes [85–90]. An

analysis of end-of-induction PET scans in the PRIMA study

found that PETþ patients had significantly inferior 42-month

PFS (33% versus 71% PET�, P< 0.001), and a significantly

higher risk of death (HR¼ 7.0, P¼ 0.0011) [88]. A prospective

study from GELA/GOELAMS examined PET scan status for 121

patients with previously untreated FL [85]. Patients received six

cycles of R-CHOP followed by two additional rituximab infu-

sions and were evaluated by PET after four cycles of R-CHOP (in-

terim) and at the end of treatment. Interim scans demonstrated

that PET negativity was associated with significantly higher 2-

year PFS rates (86% versus 61% PETþ, P¼ 0.0046). End-of-

treatment PET scans confirmed a strong association between

PET� status and improved 2-year PFS (87% PET� versus 51%

PETþ, P< 0.001), as well as significantly improved 2-year OS

(100% versus 88%, respectively; P¼ 0.0128). These results sup-

port a potential role for treatment evaluation based on PET status

during or after induction. A third large study examined PET

scans taken within 3 months of the end of chemoimmunotherapy

induction in the FOLL05 trial, arriving at a similar conclusion

[87]. Here the 3-year PFS rates favored the PET� group (66%

versus 35% PETþ, P< 0.001) and post-induction PET status was

independent of conventional response, FLIPI score, and treat-

ment arm. A pooled analysis of the PRIMA, PET-Folliculaire, and

FOLL05 studies confirmed that PET status was a significant pre-

dictor of survival and that response assessments by PET (rather

than conventional CT) were better correlated with long-term sur-

vival [90]. Further evaluation of a subset of the FOLL05 patients

showed that although PET and minimal residual disease (MRD)

status were not strongly correlated with each other, they could be

used as complementary evaluations at the end of therapy [91].

MRD negativity as determined by the absence of detectable

BCL2/IgH tumor cells in bone marrow and peripheral blood by

polymerase chain reaction (PCR) assays may also predict im-

proved outcomes in FL. An analysis of patients with detectable

BCL2/IgH at screening (53%) in the FOLL05 trial associated

MRD-negative status with significantly improved 3-year PFS:

66% MRD� versus 41% MRDþ (P¼ 0.015) at 12 months and

84% MRD� versus 50% MRDþ at 24 months (P¼ 0.014) [92].

Significance was seen in patients with PR and CR. Analysis of the

phase III ML17638 trial of the R-FND regimen followed by
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rituximab consolidation or observation in first-line FL reported

similar results [93]. The BCL2/IgH marker was found in 51% of

227 patients screened at diagnosis. Among these patients, end-of-

therapy MRD negativity predicted improved 3-year PFS in both

arms (combined, 72% MRD� versus 39% MRDþ, P< 0.007).

The role of end-of-treatment MRD in predicting outcomes,

however, remains somewhat controversial. As noted above,

�50% of patients do not have detectable levels of a molecular

marker at screening, and results may depend on the specific PCR

method employed or evaluation time point. Not all studies have

associated MRD status with prognosis, as shown in the EORTC

20981 study of CHOP or R-CHOP followed by rituximab main-

tenance or observation in relapsed/resistant FL, where no signifi-

cant prognostic value was identified based on BCL2/IgH levels for

response or PFS from second randomization [94].

Thus, although promising candidates for surrogate end points

to speed clinical trials in first-line FL continue to be explored,

none have been fully confirmed as primary end points in large,

prospective studies. A streamlined process resulting in reprodu-

cible, feasible and cost-effective assessments of MRD could facili-

tate its routine incorporation into the daily practice of treating

FL. Furthermore this will facilitate the discovery and use of other

novel technologies such as next generation sequencing.

QoL as end points in FL

For most patients, a diagnosis of FL introduces challenges extend-

ing over many years. In this context, success is measured not only

in terms of response and survival, but also in how the disease af-

fects a patient’s ability to perform daily activities, their

treatment-free time, overall outlook, and finances. HRQOL as

determined by patient-reported outcomes (PROs) has become

an increasingly important factor in making treatment decisions.

The instruments most often used to quantify patient HRQOL in

cancer are the European Organization for Research and

Treatment of Cancer Quality of Life Questionnaire Core 30

(EORTC QLQ-C30) [95] and the Functional Assessment of

Cancer Therapy—General (FACT-G) [96]. Others such as the

EuroQol Group EQ-5D [97] and lymphoma-specific question-

naires such as Functional Assessment of Cancer Therapy-

Lymphoma (FACT-Lym) [98] are also in use.

Differences in HRQOL between arms were seen in the

BRIGHT trial of BR versus R-CHOP or R-CVP in first-line iNHL

and MCL [25]. As a secondary end point, HRQOL as assessed by

the EORTC QLQ-C30 typically incorporates five functional

scales (physical, role, emotional, cognitive, and social), three

symptom scales (fatigue, nausea/vomiting, and pain), 6 single-

item scales, and global health status [96]. Patients in the BR arm

of the BRIGHT study reported similar or improved scores versus

R-CHOP/R-CVP for cognitive, physical, social, emotional, and

global health scales, as well as reductions in dyspnea, constipa-

tion, and fatigue [99]. Although not all improvements were clin-

ically or statistically significant, the results provided further

support for the use of BR in these patients. In other trials, includ-

ing PRIMA, which used the EORTC QLQ-C30 and the FACT-G

questionnaire to assess HRQOL, a lack of differences between

treatment arms was observed [5], which is also useful in inform-

ing treatment decisions. For patients in the ‘low risk’ group

without early progression, these parameters are increasingly

important.

The use of PROs to assess specific issues such as illness-related

anxiety was exemplified in the randomized phase III E4402

(RESORT) trial, which compared time with treatment failure and

disease-related outcomes in patients with previously untreated

iNHL who were randomized to maintenance rituximab versus

rituximab retreatment [100]. Several specifically chosen instru-

ments, including FACT-G, were used to assess anxiety and char-

acterize patient coping styles as ‘active’ (patients reporting that

medical visits and ongoing treatment reduced anxiety) and

‘avoidant’ (patients reporting a preference to avoid medical visits

due to increased anxiety). In the study, rituximab retreatment

was not associated with increased anxiety relative to rituximab

maintenance regardless of coping style, but avoidant coping was

associated with higher anxiety and worse HRQOL.

HRQOL questionnaires can also be used to assess financial dif-

ficulties, often a major consideration for patients and a factor

that can influence treatment decisions, sometimes making com-

bination regimens with new agents economically untenable.

Cost-effectiveness has emerged as a factor to be routinely con-

sidered alongside efficacy and safety, as shown in the case of ritux-

imab [101–104].

Conclusions

In recent decades, advances in the treatment of FL have greatly

improved survival for most patients with this malignancy, but

have yet to prove curative. Heterogeneity in outcomes, likely re-

flecting underlying pathobiological differences among patients

with FL, is evident in the �20% of patients who progress within

2 years of diagnosis with best current treatments [5, 6, 8, 23]. The

ability to prospectively identify these patients represents the first

step in improving outcomes in this high-risk group. Prognostic

methods (e.g. FLIPI and related clinical indices, GEP, TME

markers) have so far not adequately defined this population.

With median PFS now approximately 7 years (including main-

tenance), clinical trials of new agents using PFS as an end point

may require more than a decade to complete, impairing timely

availability of newer treatments for patients. Surrogate end points

(e.g. ORR, CR, PET�CR, and MRD�CR) have been explored,

but have not been adequately validated for use as primary end

points. An additional consequence of long survival in FL is the

increasing importance of QOL. Most large first-line FL trials now

include HRQOL assessment as a secondary end point.

Despite the considerable progress that has been made in the

treatment of newly diagnosed FL, these and other challenges still

remain. Future goals of therapy will strive for treatments that are

shorter in duration or free of systemic chemotherapy, well toler-

ated and biologically rational. To achieve these goals, we still

need to better understand what are the biologic determinants of

poor risk disease? Who will benefit from an aggressive or more

conservative treatment approach at diagnosis? Who will require

maintenance and for what duration? What is the optimal way to

optimize the use of PET scanning and MRD analysis? The an-

swers to these questions will provide a rich resource of informa-

tion with which we will be well poised to optimize treatment of

all patients with FL.
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