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ABSTRACT

Follicular lymphoma (FL) is one of the most
common subtypes of non-Hodgkin lymphoma
worldwide. Improved survival outcomes with
rituximab-based therapy in clinical trials led to
the establishment of rituximab-based
immunochemotherapy as standard of care for
first-line (1L) treatment of FL. In the GALLIUM
trial, obinutuzumab-based immunochemother-
apy demonstrated improved progression-free
survival (PFS), prolonged time-to-next antilym-
phoma treatment (TTNT) and comparable
overall survival (OS) compared with rituximab-
based immunochemotherapy as 1L treatment
for FL. Using GALLIUM as an example, this
article aims to explain how improved outcomes
in 1L treatment of FL have changed the land-
scape for the design and interpretation of future
trials. As approved therapies for 1L FL already

achieve good responses, it is becoming more
difficult to design trials that demonstrate fur-
ther treatment benefits with the currently
accepted primary endpoints. New endpoints are
needed to reflect the long remission times, low
relapse rates, and impact of subsequent thera-
pies in FL. PFS is used as a primary efficacy
endpoint in registrational clinical trials for
indolent malignancies like FL, where improve-
ment in OS is not always observed due to the
large number of patients and long study dura-
tion required to demonstrate a clear survival
benefit. However, there are limitations to using
PFS as the primary endpoint. Other potential
endpoints, including TTNT, progression of dis-
ease within 2 years, response rate, and minimal
residual disease status are explored.
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Key Summary Points

Rituximab chemotherapy and
obinutuzumab chemotherapy are effective
treatments for patients with previously
untreated follicular lymphoma.

There are challenges in designing modern
clinical trials to demonstrate further benefit
achieved with new therapies.

Endpoints such as overall survival are often
not feasible to achieve due to the need for
large numbers of patients and long follow-
up.

Progression-free survival is often used as the
primary measure of efficacy in registrational
clinical trials, although it has some
limitations.

Other endpoints, e.g. complete response rate
at 30 months and progression of disease
within 24 months, may be considered for
future trials, but they too have limitations
and their clinical relevance should be
explored further.

Risk-adaptive trials to direct treatment
should be explored.

DIGITAL FEATURES

This article is published with digital features,
including a summary slide, to facilitate under-
standing of the article. To view digital features
for this article, go to https://doi.org/10.6084/
m9.figshare.14381117.

INTRODUCTION

Follicular lymphoma (FL) is one of the most
common types of non-Hodgkin lymphoma
(NHL), accounting for * 20% of all NHL cases
globally [1]. It is often stated that FL has no
cure. However, patients can be disease-free after
20 years, even without treatment. FL can
therefore be a slowly progressing disease with

pseudo-progression and spontaneous regres-
sion. As such, the benefit–harm assessment of
new treatments needs to incorporate changing
patterns in the natural evolution of the disease.

Clinical trials of the type I anti-CD20
antibody rituximab in the early-2000s showed
a significant improvement in patient
outcomes that led to rituximab-based
immunochemotherapy becoming the standard
of care for 1L treatment of FL. Rituximab with
chemotherapy was shown to prolong overall
survival (OS) when given as induction therapy,
and to delay the time to disease progression
when rituximab was used as maintenance
therapy [2, 3]. Obinutuzumab, a type II anti-
CD20 antibody, in combination with
chemotherapy was granted approval in 2017 by
the US Food and Drug Administration (FDA),
European Medicines Agency (EMA), and many
other agencies for the 1L treatment of FL.
Approval was based on the results of the mul-
ticentre, randomised, Phase III, GALLIUM trial,
which demonstrated improved progression-free
survival (PFS) with obinutuzumab-based
immunochemotherapy compared with ritux-
imab-based immunochemotherapy in this
patient population [4].

This article explains how improved out-
comes in 1L treatment of FL have changed the
landscape for the design and interpretation of
future trials. Relevant outcome measures used
in contemporary clinical trials are discussed,
using the GALLIUM trial as an example. Finally,
the design, population and endpoints of future
trials in 1L treatment of FL are considered. This
article is based on previously conducted studies
and does not contain any new studies with
human participants or animals performed by
any of the authors.

EVOLUTION OF FIRST-LINE
FOLLICULAR LYMPHOMA
TREATMENT

Prior to 2000, the median survival among
patients with advanced FL increased from 63 to
72 months (from 1983–1989 to 1990–1999) in
the US, an increase thought to be due to the
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availability of new therapeutic options and
better supportive care [5, 6].

Rituximab

Several randomised Phase III trials were con-
ducted to evaluate rituximab in combination
with a variety of chemotherapy regimens,
including cyclophosphamide, doxorubicin,
vincristine, and prednisone (CHOP),
cyclophosphamide, vincristine, and prednisone
(CVP), cyclophosphamide, adriamycin, teni-
poside, and prednisone (CHVP), and mitox-
antrone, chlorambucil, and prednisone (MCP)
regimens (Table 1) [2, 7–9]. In 2007, a meta-
analysis showed consistently superior OS with
rituximab plus chemotherapy versus
chemotherapy alone [10]. Based on the evi-
dence provided by these studies, rituximab
therapy plus chemotherapy has been adopted as
the standard of care for the 1L treatment of
patients with FL.

Two years of rituximab maintenance was
subsequently found to improve PFS in patients
responding to induction immunochemother-
apy [3, 11]. The PRIMA trial compared ritux-
imab maintenance with observation in patients
who had responded to induction with immuno-
chemotherapy [3, 12]. The final analysis of
PRIMA, performed after a median of 9 years of
follow-up, demonstrated the clinically relevant
long-term benefit of rituximab maintenance on
PFS in patients who had responded to induction
with immunochemotherapy [12]. Rituximab
maintenance led to a significant improvement
in PFS compared with observation [10.5 vs. 4.1
years, hazard ratio (HR) 0.61; 95% confidence
interval (CI) 0.52–0.73], but there was no evi-
dence of a difference in OS (HR 1.04; 95% CI
0.77–1.40), and the 10-year OS rate was
approximately 80% in both arms. A 2017 indi-
vidual patient data meta-analysis showed that
rituximab maintenance improved OS versus
observation in patients with FL [13], although
this analysis included heterogeneous trials in
the relapsed setting, with and without ritux-
imab induction therapy.

Obinutuzumab-Based Compared
with Rituximab-Based
Immunochemotherapy

Nonclinical studies have shown that obinu-
tuzumab mediates superior induction of direct
cell death and effector cell-mediated, antibody-
dependent cellular cytotoxicity and antibody-
dependent cellular phagocytosis, together with
reduced CD20 internalisation, compared with
the type I CD20 antibodies rituximab and ofa-
tumumab [14, 15]. The GALLIUM trial was
designed to show the superiority of obinu-
tuzumab over rituximab in 1L FL. Overall, 1202
patients were randomised 1:1 to receive obinu-
tuzumab-based or rituximab-based
immunochemotherapy (with CHOP, CVP or
bendamustine) as induction treatment, and
those exhibiting a response continued with the
same antibody as maintenance treatment for up
to 2 years. Details of the trial have been pub-
lished previously [16, 17]. Investigator-assessed
PFS was the primary endpoint, with a target HR
of 0.74, and, at the time of the primary analysis,
the observed HR was 0.66 with 95% CI
0.51–0.85 (p = 0.001; Fig. 1) [17]. Similarly, in
later analyses after a median 76.5 months of
follow-up, the HR was 0.76, 95% CI 0.62–0.92
(p = 0.0043) [18]. This is the only trial to date
that compares obinutuzumab-based versus
rituximab-based immunochemotherapy in
patients with FL.

RATIONALE FOR USING PFS
AS A PRIMARY OUTCOME MEASURE
IN PHASE III CLINICAL TRIALS
OF FIRST-LINE FOLLICULAR
LYMPHOMA

In most cases, regulatory agency guidelines
recognise that endpoints other than OS may
represent a benefit to the patient and that these
alternative endpoints may potentially be used
for accelerated and full approval of new thera-
pies [19, 20]. EMA guidelines state that ‘‘pro-
longed PFS is considered to be of benefit to the
patient’’, and that the choice of primary end-
point should be guided by the relative toxicity
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of the experimental therapy. Additional factors
such as expected survival after progression,
availability of next-line therapies, the preva-
lence of the condition and health-related qual-
ity of life, while the magnitude of treatment
effect on all relevant measures must also be
taken into account, and may help to identify
what is the real clinical benefit for the patients
[20]. FDA guidelines note that PFS has served as
a primary endpoint for drug approval, and that
it has the advantage of not being confounded

by subsequent therapy [19]. These FDA and
EMA guidelines provide methodological con-
siderations for using PFS.

The finding of significantly improved PFS,
but not OS, in the PRIMA trial after a median 9
years of follow-up illustrates the difficulty in
demonstrating OS advantages in the setting of
indolent FL, and why PFS is sometimes consid-
ered an appropriate primary measure of efficacy
in 1L FL [12]. Some of the lack of effect on OS in
the PRIMA trial may have been due to treatment

Table 1 Randomised Phase III studies of rituximab plus chemotherapy versus comparator (chemotherapy control or
different chemotherapy backbone) in previously untreated FL

Publication Regimen Primary
endpoint

Median PFS OS rate

R-chemo vs.
comparator

HR Time
point
(years)

R-chemo vs.
comparator

HR

Rituximab in induction

Marcus [8] R-CVP vs. CVP TTF Median TTP:

34 vs. 15 months

0.44 4 83% vs. 77% NA

Hiddemann [2] R-CHOP vs.

CHOP

TTF NA NA 2 95% vs. 90% NA

FL2000 [68] R-CHVP ? I

vs. CHVP ? I

EFS Median EFS: NR

vs. * 35 months

NA 5 84% vs. 79% 0.64

Herold [7] R-MCP vs. MCP RR (CR

? PR)

NR vs. 29 months NR 4 87% vs. 74% NA

FOLL05 [69] R-CVP vs.

R-CHOP vs.

R-FM

TTF NA; 3-year rate:

52% vs. 68%

vs. 63%

0.64 (R-CHOP vs.

R-CVP) 0.66 (R-

FM vs. R-CVP)

3 95% for whole series

(trial not powered

for OS analysis)

NA

Rummel [59, 70] BR vs. R-CHOP PFS 69.5 vs. 31.2

months

0.58 10 71% vs. 66% 0.82

Rituximab maintenance

PRIMA [12] R vs. Obsa PFS 10.5 vs. 4.1 years 0.61 9 NR vs. NR 1.04

ECOG1496 [11] R vs. Obsb PFS 4.3 vs. 1.3 years 0.4 3 92 vs. 86 0.6

B bendamustine; chemo chemotherapy; CHOP cyclophosphamide, doxorubicin, vincristine, and prednisone; CHVP cyclophosphamide,
adriamycin, teniposide, and prednisone; CR complete response; CVP cyclophosphamide, vincristine, and prednisone; EFS event-free
survival; FL follicular lymphoma; FM fludarabine and mitoxantrone; HR hazard ratio; I interferon-alpha2a; MCP mitoxantrone,
chlorambucil and prednisolone; NA not available; NR not reached; Obs observation; OS overall survival; PR partial response; PFS
progression-free survival; R rituximab; RR response rate; TTF time to treatment failure; TTP time to progression
a In patients who responded to immunochemotherapy induction therapy
b In patients who responded to CVP induction therapy
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crossover in the maintenance setting and/or use
of subsequent therapies. Although data regard-
ing the use of crossover maintenance treatment
in the relapse setting were not available, it is
likely that imbalances in using rituximab at
relapse may have also influenced survival out-
comes. In total, 81.5% of patients in the obser-
vation arm received rituximab-based therapy at
relapse or progression. This probably affected
the time from progression to death, and diluted
the OS HR [12]. Crossover can be accounted for
in statistical analyses, although this requires
various assumptions to be made about the data,
and may not be accepted by regulators and
payers [21], especially when a substantial num-
ber of patients in the control arm cross over to
the experimental arm. Additionally, OS data
take much longer to mature than PFS in FL due
to the indolent nature of the disease.

The justification for considering PFS as the
primary endpoint rests on the limitations of OS
in light of current excellent patient prognoses,
trial treatment crossovers and multiple effective
additional anti-cancer therapies, all of which
together makes it difficult, if not impossible, to
show a clear improvement in OS. A trial that
could never show a clinically meaningful and
statistically significant benefit for OS is unlikely

to be funded, as having a long and expensive
trial outweighs the likely small chance of
showing an OS improvement. This may be an
unsatisfactory view, but cancer therapy is a
rapidly changing environment (e.g. changes in
background patient care and the available
therapeutic options), so a 12- to 15-year trial is
unlikely to have sufficient appeal. Nevertheless,
investigators are encouraged to consider higher-
risk patient groups (poor prognosis), potentially
using modern novel biomarkers for risk strati-
fication, for which OS is appropriate.

There is extensive published literature dis-
cussing the strengths and limitations of PFS as a
surrogate endpoint for OS in various cancers, as
well as how to evaluate surrogacy [22–26]. Zhu
et al. [27] examined trial-level data on various
surrogate markers in FL, but were unable to
evaluate the correlation between PFS and OS
due to an insufficient number of trials.

PFS is likely not a surrogate for OS in FL.
Statistical modelling indicates that the associa-
tion between PFS and OS tends to weaken with
increasing post-progression survival time, and
this period is prolonged with indolent malig-
nancies such as FL [28]. Historically, payers have
been reluctant to accept PFS as a patient-rele-
vant endpoint in FL. However, future trials of 1L
treatments for FL are expected to demonstrate
benefits on PFS but not on OS.

There are several limitations to using PFS as a
primary endpoint in clinical trials of FL. In
lymphoma, progression is generally defined
using either Cheson 2007 [29] or Lugano 2014
criteria [30], both of which have a subjective
element. Progression assessment may also be
influenced by the size and location of the target
lesions, and the timing of the assessment. Sev-
eral other considerations apply to using PFS as a
primary endpoint, particularly what its clinical
value is to patients and clinicians when the trial
cannot show a benefit on OS and only an
improvement in PFS, and whether this is
complemented by other benefits such as
improvements in health-related quality of life
and/or cost savings due to lower costs associated
with the management of disease progression.
For example, a trial might show that PFS is
improved using combination immunoche-
motherapy compared to rituximab
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Fig. 1 Kaplan–Meier estimates of investigator-assessed
PFS in the GALLIUM trial [17]. Chemotherapy was
stipulated at each site, with all patients at that site receiving
the same regimen; options included CHOP, CVP, or
bendamustine. CHOP cyclophosphamide, doxorubicin,
vincristine, and prednisone; CI confidence interval; CVP
cyclophosphamide, vincristine, and prednisone; HR hazard
ratio; PFS progression-free survival. Copyright � 2017,
Massachusetts Medical Society
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monotherapy, but if most patients survive for
many years on both arms and 30% never need
additional chemotherapy [31], the advantage of
PFS might be less clear cut to patients and
payers.

Work is currently ongoing in some cancer
types to ascertain how patients interpret PFS,
and there is also research on whether improve-
ments in PFS are directly linked to improve-
ments in quality of life or reduction in resource
use [32]. If such associations can be demon-
strated in FL, this could give more support to
the value of PFS in this disease. Although using
PFS might be uncertain in some cases, it does
allow a comparison between two trial arms, and
avoids issues that might occur when patients
cross over between treatment arms or receive
effective subsequent therapies.

DIFFERENT MEASURES OF EFFICACY

Clinical trial efficacy results can be summarised
in several different ways: HRs, differences in
event rates (proportions) at a specific time
point, or differences in medians. They each
indicate different aspects of the effect of a
treatment.

Hazard Ratio

In the primary analysis of the GALLIUM trial,
the HR for PFS was 0.66, which represents a 34%
reduction in the risk (hazard) of progression,
relapse or death at any time point among
patients treated with obinutuzumab [17]. It is a
measure of relative effect. Because the HR
summarises information for all patients over the
entire time they have each been followed, it is
often considered to be a reliable measure of
efficacy. It takes into account the number and
timing of events, and therefore reflects whether
few or many patients benefit from a new treat-
ment. Relying on the assumption of propor-
tional hazards over time, the HR can be
estimated early on in a trial. This implies that it
is particularly useful when the median PFS (or
OS) has not been reached, which can occur with
FL, especially in 1L studies.

The assumption underlying the use of pro-
portional hazards is that the ratio of hazard
functions between two treatment groups is the
same at all time points (i.e. the hazards are
proportional). However, it is likely that the
treatment effect will not last forever, so the
hazards will start to approach each other over
time. Therefore, this assumption may not be
valid during the later years of follow-up that are
reported in a trial paper, when, for example,
curves overlap each other. One needs to then
carefully assess whether the HR still provides a
meaningful quantifier of the effect and an esti-
mate of the ‘risk’ (e.g. of progression) when
comparing outcomes between treatments. Also,
when long-term benefits are seen in plateauing
survival curves, this effect may not be appro-
priately summarised using a single HR. How-
ever, quantification of such effects can be
important for understanding the effects of 1L
treatments for FL.

Event Rates (Proportions)

If we specify a particular milestone time point,
the estimated event rates at that point can be
compared. In the GALLIUM trial, the PFS rates
at 3 years were 80.0% (95% CI 75.9–83.6) and
73.3% (95% CI 68.8–77.2) for the obinu-
tuzumab and rituximab arms, respectively [17].
This represents an absolute risk difference of 6.7
percentage points (i.e. among 100 patients
given obinutuzumab, an estimated extra 6.7 are
alive and progression-free at 3 years compared
with 100 patients given rituximab). A limitation
of using event rates is that they only summarise
the treatment effect at a single specified mile-
stone. Furthermore, estimates at one time point
typically come with higher uncertainty than a
HR, meaning they can be influenced by chance
‘blips’ on the curve. A sufficient number of
patients need to have been followed up to the
chosen milestone. However, event rates at 3 or 5
years can describe the longer-term benefits of
treatments for FL in an easily accessibly way, so
they are useful when considered alongside HRs.
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Medians

Median PFS (or OS or other time-to-event end-
points) is typically measured on the scale of the
actual endpoint, i.e. months or years, so com-
paring two median PFS times is often easily
understood by patients and clinicians. How-
ever, in order to give a meaningful and suffi-
ciently precise estimate, enough trial
participants need to have been followed up long
enough to reach the median in both groups,
and, as with event rates, the median represents
only one point on a Kaplan–Meier curve. Taking
an early snapshot of median PFS increases the
degree of uncertainty with that estimate, and
for a long-term endpoint, e.g. PFS in clinical
trials such as GALLIUM, it may take a long time
until a reasonably precise estimate of the med-
ian difference is available. In the GALLIUM trial
(Fig. 1), no accurate assessment of the median
PFS could be made, even at a median follow-up
of 54 months. The situation is even more pro-
nounced for OS, where we expect the median
could take many years to be observed, and, even
if the OS median was observed earlier, it
remains a very imprecise estimate. Therefore,
unlike advanced cancers, evaluating new 1L
treatments for FL would rarely involve exami-
nation of the median PFS, and only HRs or
event rates at early milestones are used.

INTERPRETATION OF SUBGROUP
ANALYSES

Subgroup analyses are commonly reported for
Phase III clinical trials, but they are sometimes
misinterpreted. Investigators use subgroup
analyses to provide some assurance that the size
of a treatment effect (e.g. HR) seems consistent
across groups with different patient or disease
characteristics. This is a reasonable approach;
however, great care is required when these types
of analyses are used to make claims that a new
treatment is beneficial (or harmful) for one
group of patients but not another [33, 34].

There are two commonly used but funda-
mentally different statistical approaches for
subgroup analyses [35]. The first involves
observing whether any of the CIs for the

subgroups exclude the overall treatment effect
(investigators sometimes incorrectly compare
the CIs to HR = 1). Examining the subgroup
analyses for the GALLIUM trial (Fig. 2), the HR
for male patients was 0.82, with a 95% CI
0.59–1.15, and for female patients was 0.49 with
95% CI 0.33–0.74 [17]. Both of these CIs clearly
overlap the overall HR of 0.66, so there is
insufficient evidence to suggest the size of the
treatment effect of obinutuzumab among either
males or females differs from the effect seen in
all patients. Statistical evidence of a subgroup
effect would occur if either of the 95% CIs
excluded 0.66, but further confirmation is
required.

The second approach is a test for interaction
that compares the HRs between two subgroups
[35]. For example, this tells us whether the HR
of 0.82 (observed in males) is statistically sig-
nificantly different from the HR of 0.49 (fe-
males) in GALLIUM. Here, the p value was 0.056
[17], so again there is insufficient evidence of a
subgroup effect using this statistical test [36].
Small p values (B 0.05 and ideally B 0.01) pro-
vide some statistical evidence of a subgroup
difference, and in GALLIUM none of the tests of
interaction for any factor had a p value B 0.05.

Subgroup analyses have limitations. First,
any subgroup is by definition smaller than the
overall study sample, so the results in each
subgroup are less reliable by construction. Sec-
ond, the more subgroups that are investigated,
the more likely it is that we will find a differ-
ential treatment effect just by chance alone.
This is a multiplicity issue. The following crite-
ria should be used to assess the validity of sub-
group claims [34, 35]:

1. Have both statistical tests been met (could
chance alone explain the finding[s])?

2. Is the subgroup effect consistent across
independent studies?

3. Was the subgroup hypothesis one of a small
number of hypotheses developed a priori?

4. Is there strong underlying biological
support?

None of the factors in Fig. 2 meet all these
criteria. In the GALLIUM trial, patients with a
low Follicular Lymphoma International Prog-
nostic Index (FLIPI) score had a PFS HR of 1.17
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          R-chemo            G-chemo
           (N = 601)            (N = 601)

Total  
Stratification factors      N 

                     1 year          
n          etar MK    stnevE       

 1 year         
n          etar MK   stnevE     HR   (95% CI)

All patients 15.0( 66.0 939.39 101 106          637.98 441 106 2021 –0.85)
IPI/FLIPI

36.0( 71.1 753.49 22 821          950.39 81 521 352 woL IPILF LF    –2.19)
73.0( 95.0 642.69 13 422          671.09 94 322 744 etaidemretnI IPILF LF    –0.92)
14.0( 85.0 266.19 84 942          587.78 77 352 205 hgiH IPILF LF    –0.84)

Chemotherapy regimen
    CHOP 05.0( 77.0 636.39 53 591          148.39 64 302 893 –1.20)
    CVP 23.0( 36.0 000.59 61 16           369.87 02 75 811 –1.21)

34.0( 16.0 829.39 05 543          120.98 87 143 686 ENITSUMADNEB    –0.86)

Geographic region
    Asia 22.0( 64.0 212.49 11 29          940.39 22 39 581 –0.95)

63.0( 17.0 731.29 51 87          149.58 12 97 751 eporuE nretsaE    –1.37)
93.0( 77.0 037.59 51 57          600.29 02 77 251 aciremA htroN    –1.50)

    Other 41.0( 04.0 503.89 5 26          881.29 31 66 821 –1.12)
15.0( 37.0 700.39 55 492         126.88 86 682 085 eporuE nretseW    –1.04)

0.05 0.1 0.2 0.5 1 2 5 10

0.05 0.1 0.2 0.5 1 2 5 10

  Total
  N

A

B
  Events   n    Events

R-chemo
(N = 601)

G-chemo
(N = 601)

1 year
KM rate

 1 year
  KM rate

All patients
Sex

Male
Female

Race
Asian
White
Other

Bulky disease at baseline (7 cm threshold)
Yes
No

B symptoms (≥ 1) at baseline
Yes
No

Ann Arbor stage
I
II
III
IV

ECOG PS at baseline
0–1
2

ADL at baseline
0–2
3–4
5–6
Outside valid range

IADL at baseline
0
1–4
5–8
Outside valid range

1202

563
639

198
968
36

526
674

407
794

18
85

417
675

1161
38

10
9

921
99

2
23

1005
27

 n

601

280
321

98
481
22

271
329

206
394

8
44

209
336

576
23

7
5

462
47

1
14

501
11

144

73
71

23
115

6

72
71

49
95

2
6

43
93

133
10

1
3

109
7

0
6

110
5

89.736

86.250
92.808

92.330
88.998
95.000

87.703
91.395

89.462
89.849

85.714
90.398
89.576
89.720

90.528
73.913

85.714
60.000
89.351
93.333

100.000
70.714
90.616
81.818

601

283
318

100
487
14

255
345

201
400

10
41

208
339

585
15

3
4

459
52

1
9

504
16

101

64
37

12
88
1

46
55

42
59

2
7

31
60

96
5

0
1

72
9

0
2

85
0

93.939

91.341
96.328

94.703
93.821
92.857

91.820
95.487

90.097
95.847

100.000
94.924
92.996
94.151

94.154
83.333

100.000
100.000
93.675
97.959

100.000
88.889
93.816

100.000

Favours G-chemo Favours R-chemo

Favours G-chemo Favours R-chemo

HR

0.66

0.82
0.49

0.46
0.72
0.30

0.65
0.69

0.86
0.57

0.76
1.16
0.70
0.59

0.67
0.85

< 0.01
0.54
0.63
1.20

NE
0.53
0.74

< 0.01
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Fig. 2 GALLIUM trial prespecified subgroup analyses
[17]. ADL activities of daily living; Chemo chemotherapy;
CHOP cyclophosphamide, doxorubicin, vincristine and
prednisone; CI confidence interval; CVP cyclophos-
phamide, vincristine and prednisone; ECOG Eastern
Cooperative Oncology Group; FL follicular lymphoma;

FLIPI Follicular Lymphoma International Prognostic
Index; G obinutuzumab; HR hazard ratio; IADL instru-
mental activities of daily living; IPI International Prog-
nostic Index; KM Kaplan–Meier; NE not estimable;
R rituximab. Copyright � 2017, Massachusetts Medical
Society
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[17], and it might seem biologically plausible
that the benefit of obinutuzumab is smaller in
patients with a good prognosis, compared with
those who had a worse prognosis (high FLIPI
score, HR 0.58). However, there is no statistical
evidence to support this from the trial (both
statistical tests for subgroup analyses mentioned
above do not provide sufficient evidence of an
effect of FLIPI).

ENDPOINTS OTHER THAN PFS

Several endpoints other than PFS may be useful
for trials of 1L treatments for FL. Such endpoints
are not accepted by regulatory authorities for
the registration of new drugs, but they might be
candidates for primary or co-primary endpoints
in academic trials. Key considerations regarding
the value of alternative endpoints include
whether they are clinically relevant to patients,
whether they can be standardised when mea-
sured, and whether they can serve as a surrogate
for OS and/or PFS. Any conclusion about whe-
ther an endpoint is a valid surrogate depends on
the type/class of drug, type of cancer and line of
therapy. They all have limitations.

Time to Next Antilymphoma Treatment

Time to next antilymphoma treatment (TTNT)
is defined as time from randomisation to the
start of any subsequent antilymphoma therapy,
for whatever reason (usually progression). In
the primary analysis of the GALLIUM trial, the
TTNT HR was 0.68 (95% CI 0.51–0.91; p =
0.009), meaning that patients in the obinu-
tuzumab group were less likely to receive a
subsequent anticancer treatment than patients
in the rituximab group [17]. With longer follow-
up, 84.2% of the obinutuzumab group versus
76.7% of the rituximab group had not started
further therapy at 4 years, indicative of a
worthwhile longer-term benefit [37]. However,
the criteria for initiation of subsequent therapy
can vary, introducing a degree of subjectivity to
TTNT (and hence potential bias). TTNT is
therefore likely to remain as a secondary (sup-
portive) endpoint for regulatory purposes,
especially in open-label studies such as

GALLIUM, and needs to be precisely defined
upfront in study protocols in order to act as a
valuable endpoint. Nevertheless, TTNT might
be considered a clinically relevant endpoint
because it reflects a direct change in how a
patient is managed and treated. Indeed, the
NICE review of GALLIUM commented that
TTNT may be more meaningful to patients than
PFS, and that TTNT is expected to be longer in
clinical practice than in research trials, because
patients are assessed less frequently in the real
world [38]. Extending TTNT using a new ther-
apy might therefore be useful.

Progression of Disease Within 24 Months

Disease progression or death due to progressive
disease within 24 months of randomisation
(POD24) is a potential early endpoint. It was
explored in FL in an analysis of pooled data
from 13 randomised trials [39]. Studies con-
ducted before or after the introduction of
rituximab were included in the analysis, and
POD24 was found to be strongly associated with
poor OS (HR 5.24 95% CI 4.63–5.93, p\ 0.01)
[39]. More recently, the risk of POD24 was
evaluated in an exploratory analysis of the
GALLIUM trial, and obinutuzumab-based
chemotherapy was associated with a lower risk
of POD24 than rituximab-based chemotherapy
(average risk reduction 46.0%, 95% CI
25.0–61.1) [40]. More patients with POD24
received a new antilymphoma treatment com-
pared with patients with later disease progres-
sion (64.5% vs. 27.3%, respectively) [40]. In
addition, the earlier the POD24 event, the
higher the mortality observed [40].

While POD24 correlates with OS at the
patient level, surrogacy for OS at the trial level
has not been demonstrated. Notably, Bachy
et al. [41] recently reported that POD24 was a
correlate, but not a surrogate, for OS in the
PRIMA study. Another limitation is the paucity
of POD24 events with contemporary therapies,
which will make it difficult to demonstrate a
difference with a new therapy using this end-
point. In the GALLIUM trial, less than 10% of
patients treated with obinutuzumab-based
chemotherapy experienced an event within 2
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years, but statistical significance for the POD24
HR was reached [40].

Complete Response at 30 Months

Achieving durable remission is an important
goal in the 1L treatment of FL, and a complete
response as assessed by computed tomography
(CT) scan at 30 months (CR30) is proposed as a
surrogate for PFS in trials in this setting. Shi
et al. assessed this endpoint using data from 13
randomised trials [42]. The results (Fig. 3) show
a high correlation between the treatment effects
on CR30 and PFS (correlation coefficient 0.88; a
good surrogate marker should have values C

0.8). The authors concluded that CR30 could be
a primary endpoint in trials of 1L treatment for
FL.

However, in an analysis of the GALLIUM
trial, the HR for PFS (0.66) was not accompanied
by any material improvement in CR30 (obinu-
tuzumab-based chemotherapy 44.3%, ritux-
imab-based chemotherapy 42.1%; difference of
2.2% [Roche Data on file]). It appears, therefore,
that CR30 may not be a good surrogate when
evaluating obinutuzumab-based combinations,
which appear to exert their anti-lymphoma
activity through extension of relapse-free
intervals. As such, while CR30 may be a good
alternative to PFS for some compounds, it may
not be wise to use it to replace PFS as a regis-
tration endpoint for all compounds.

Minimal Residual Disease

Minimal residual disease (MRD) status provides
an indication of the depth of tumour response,
and many studies have shown a correlation
between MRD and PFS [43–45]. Chronic lym-
phocytic leukaemia (CLL) was the first mature
B-cell malignancy for which MRD was used [46].
Over the last two decades, MRD has been
investigated in haematological disease includ-
ing acute leukaemias, CLL, chronic myeloid
leukaemia and FL to enable a better under-
standing of response patterns in different clini-
cal settings [45, 47, 48]. There is accumulating
evidence that MRD is a strong independent
prognostic factor in FL [49]. In GALLIUM, MRD

status in peripheral blood or bone marrow was
defined as negative (‘‘MRD response’’) if real-
time quantitative polymerase chain reaction
(RQ-PCR) and subsequent nested PCR were
negative at the respective time point [50].
Overall, 696 of 1202 enrolled patients were
evaluable for MRD status. Significantly higher
MRD response rates were seen with obinu-
tuzumab-based chemotherapy versus ritux-
imab-based chemotherapy at mid-induction
(92.0% vs. 84.9%; p = 0.0041, in peripheral
blood and/or bone marrow) and end of induc-
tion (94.3% vs. 88.9%; p = 0.013) [50].

Despite these promising findings, MRD is
likely to remain a secondary or exploratory
endpoint in new trials in FL until it can be
properly validated as a surrogate. Furthermore,
despite ongoing development of laboratory
assays, evaluation of MRD status is currently
largely confined to academic research centres
and not used in routine practice. MRD status is
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Fig. 3 Trial-level correlation between CR30 and PFS in a
FLASH analysis of 13 randomised trials [42]. Gold
rituximab trials, blue non-rituximab trials; triangles induc-
tion trials, circles maintenance trials; the size of the
triangles and circles is proportional to the trial population
size. The fitted weighted least squares regression line (solid
line) is log(HRPFS) = – 0.093 – 0.636 9 log(ORCR30);
dashed lines 95% prediction limits, horizontal dashed line
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log(ORCR30) of 0 (i.e. OR of 1). CR30 complete response
at 30 months, FLASH follicular lymphoma analysis of
surrogacy hypothesis, HR hazard ratio, OR odds ratio, PFS
progression-free survival. Copyright � 2017, ASCO
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not evaluable for a sizeable number of patients
using currently available assays. These issues
limit its potential for use as a regulatory end-
point for now. Changes in circulating tumour
DNA levels have shown promise as a sensitive
early marker of efficacy in a number of indica-
tions, including diffuse large B-cell lymphoma
[51], and should be investigated in FL.

Complete Metabolic Response by Positron
Emission Tomography

Positron emission tomography (PET) is recog-
nised as a standard post-treatment evaluation
tool in FL, due to its ability to distinguish
between viable residual tumour and necrosis or
fibrosis in residual mass(es) often present after
treatment, thereby allowing more precise
response evaluation than CT [52]. Several stud-
ies have reported significantly longer PFS in
patients with negative PET status at end of
treatment compared with those with positive
PET status [53–55]. In GALLIUM, PET was
compared with contrast-enhanced CT at the
end of induction therapy, with independent
central review of the images. Among patients in
the PET-evaluable population (n = 595), the
complete response rate for CT (using Interna-
tional Harmonisation Project 2007 criteria [29])
was 29.9% (27.5% with rituximab-based
immunochemotherapy vs. 32.3% with obinu-
tuzumab-based immunochemotherapy), but
when using PET (Lugano 2014 criteria [30]), the
complete metabolic response rate was 75.6%
(72.5% with rituximab-based immunoche-
motherapy vs. 78.8% with obinutuzumab-based
immunochemotherapy). When comparing PFS
between complete responders and patients with
less than a complete response, the HR was 0.50
(p = 0.001) for CT but 0.20 (p\0.0001) for PET,
indicating a greater reduction in risk of PFS [56].
Achieving a complete metabolic response by
PET was also associated with better OS [HR 0.2
(95% CI 0.1–0.5) log-rank p \ 0.0001]. The
authors concluded that PET is a better imaging
method than contrast-enhanced CT to measure
response, although it should be noted that
patients with a partial metabolic remission were
considered with those who achieved a non-

metabolic response. Also, OS rates for PET-pos-
itive patients were still good. A further analysis
of the GALLIUM trial examined PET response
together with MRD response and their associa-
tion with PFS [57]. The risk of progression or
death in patients who had either PET complete
metabolic response or MRD negativity (but not
both) was 2.5-fold higher than in patients who
had both outcomes. This suggests that PET and
MRD responses could provide complementary
information for prognosis [57]. Overall, the
available PET data are promising, and a formal
assessment of whether PET response can be used
as a surrogate for PFS would now be valuable.

FUTURE CLINICAL TRIALS IN FIRST-
LINE FOLLICULAR LYMPHOMA

The positive results in GALLIUM raise the bar
further in terms of efficacy in 1L FL, and the
negative outcome of the Phase III RELEVANCE
trial of rituximab plus lenalidomide highlights
how challenging it is to demonstrate superiority
over rituximab–CHOP in an FL patient popula-
tion [17, 58]. The design of future 1L FL studies
must account for the prolonged responses to
existing treatment, such as the benchmark
3-year PFS rate of 80% reported in GALLIUM
with obinutuzumab-based chemotherapy [17].
Even if the treatment benefit versus obinu-
tuzumab were substantial, a large number of
patients or a very long trial would be needed for
a superiority study. It may be hypothesised that
a new treatment can stop progression in 25% of
the current 20% of patients who progress or die
within 3 years. This would increase the 3-year
PFS rate from 80% to 85%, and (based on an
exponentiality assumption) the median PFS
would increase from 9.3 to 11.9 years (HR 0.78).
A trial with 80% power to detect this HR, with a
2-sided significance level of 0.05, would require
approximately 517 events. To achieve this
within a meaningful timeframe, the size of the
trial would be similar to the requirements in
early breast cancer (e.g. 2000 patients), but due
to the rarity of the disease, recruitment time,
and hence time to primary analysis, the trial
duration would be longer (* 4 and * 7 years,
respectively). In this context, establishing valid
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surrogate endpoints that are measured earlier
and that predict long-term treatment benefit is
an important goal for future drug development.
Furthermore, as patient prognoses improve, PFS
may also become unfeasible as a primary end-
point and alternative endpoints are likely to be
used.

Finding new therapies that are even more
effective than current standards will be chal-
lenging. Therefore, non-inferiority studies are
expected to be used where a new treatment has
a better safety/tolerability profile than the
existing standard of care (perhaps using treat-
ment de-escalation) or is cheaper or easier to
administer. Non-inferiority studies require a
non-inferiority margin for the primary efficacy
endpoint to be pre-defined, based on preserva-
tion of a certain proportion of the efficacy seen
in the control arm. For comparison against
obinutuzumab, a new study would need to
show the preservation of a proportion of the
benefit with obinutuzumab versus rituximab,
and non-inferiority margins are often chal-
lenging to specify. In a previous 1L FL non-in-
feriority study, rituximab–bendamustine was
compared with rituximab–CHOP, and a non-
inferiority margin of 10% in PFS rate after 3
years (corresponding to HR of 1.32) was used for
the primary endpoint [59]. However, few major
non-inferiority studies have been performed in
the 1L FL setting to date.

Many 1L FL trials have included all patients,
but, given the excellent prognoses in the
majority of them, there is merit in trying to
focus on subsets. Methods that identify patients
who are at risk of shortened PFS and OS could
be used to select more suitable patients for
clinical trials (i.e. those with poorer prognosis
and higher unmet need). If there is a patient
group in whom OS is relatively short, it may
then be feasible to design trials with OS as the
primary endpoint [60]. In patients with newly
diagnosed FL, FLIPI is the most widely used
prognostic index. Although this index was
originally based on data from the pre-rituximab
era, an updated version (FLIPI2) includes
refinements made since the introduction of
rituximab, with low-, intermediate-, and high-
risk groups according to FLIPI2 having esti-
mated 3-year PFS proportions of 91%, 69%, and

51%, respectively [61]. A novel model based on
clinical variables, the Follicular Lymphoma
Evaluation Index, has demonstrated prognostic
value for identifying patients receiving 1L
immunochemotherapy at risk of poor PFS and
early progression (POD24) [62]. A simple model
based on two factors, bone marrow involve-
ment and b2-microglobulin levels, the PRIMA-
Prognostic Index, also stratifies patients
according to low-, medium-, and high-risk of
progression [63]. In future, gene-expression
profiling at diagnosis may be more widely used
to identify patients with high-risk disease. A
prognostic model developed by Huet et al. [64]
identified 23 genes expressed in high-tumour-
burden FL capable of identifying patients at
high risk of progression when treated with 1L
rituximab-based immunochemotherapy. Simi-
larly, evolution of the FLIPI risk score to include
the mutation of seven genes associated with
varying survival outcomes (m7-FLIPI) improved
prognostication of FL compared with clinical or
genetic predictors alone [65]. A limitation of
models incorporating genetic markers is their
apparent chemotherapy dependence. In
exploratory analyses conducted in the GAL-
LIUM trial, high-risk m7-FLIPI and a high-risk
23-gene signature were associated with an
increased risk for disease progression or death
only in patients receiving CHOP or CVP
[66, 67]. The recruitment of patients with
medium to high risk may make superiority trials
feasible, although this could lead to considera-
tion for approval only in the patient popula-
tions included in the superiority trial(s), with an
assumption that current treatments would be
adequate for low-risk patients.

Another approach to increasing the likeli-
hood of demonstrating treatment improve-
ments could be to use endpoints other than PFS
and OS as surrogates. As discussed above, several
endpoints such as CR30, MRD and PET status
may have the potential to be used as primary
endpoints in a superiority trial. However, it is
not yet certain whether any of these endpoints
will successfully increase our ability to detect a
treatment benefit, while also satisfying the
requirements of regulatory and health technol-
ogy agencies for robust clinical evidence.
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CONCLUSIONS

Prolonged PFS times are now achievable in 1L
FL. While this is beneficial for patients, the
challenges for designing trials to show that new
treatments provide further benefits have
increased. Available options already achieve
very good results in FL, making it hard to dif-
ferentiate new agents in development, which
can delay access to new and effective drugs.
Endpoints that were traditionally used to assess
drugs in this setting (e.g. OS and PFS) may not
be feasible in a realistic timeframe, and new
endpoints might be needed to reflect the long
remission times, low relapse rates, and the
impact of subsequent anticancer therapies.
Inclusion of quality of life endpoints is impor-
tant, given the impact of lymphoma symptoms
or therapies on a patient’s well-being. Subgroup
analyses are standard practice, but there is a
need for cautious interpretation, considering
the small size of many subgroups and the like-
lihood of chance findings without a biological
rationale. Finally, the potential for using risk-
adapted trials to direct treatment, perhaps based
on MRD or PET imaging, or restricting studies to
patients with high-risk disease should be
explored.
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