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ABSTRACT

PURPOSE We report an analysis of minimal residual/detectable disease (MRD) as a
predictor of outcome in previously untreated patients with follicular lym-
phoma (FL) from the randomized, multicenter GALLIUM (ClinicalTrials.gov
identifier: NCT01332968) trial.

PATIENTS AND
METHODS

Patients received induction with obinutuzumab (G) or rituximab (R) plus
bendamustine, or cyclophosphamide, doxorubicin, vincristine, prednisone
(CHOP) or cyclophosphamide, vincristine, prednisone (CVP) chemotherapy,
followed by maintenance with the same antibody in responders. MRD status was
assessed at predefined time points (mid-induction [MI], end of induction [EOI],
and at 4-6 monthly intervals during maintenance and follow-up). Patients with
evaluable biomarker data at diagnosis were included in the survival analysis.

RESULTS MRDpositivitywas associatedwith inferior progression-free survival (PFS) atMI
(hazard ratio [HR], 3.03 [95%CI, 2.07 to 4.45]; P < .0001) and EOI (HR, 2.25 [95%
CI, 1.53 to 3.32]; P < .0001). MRD response was higher after G- versus
R-chemotherapy atMI (94.2% v 88.9%; P 5 .013) and at EOI (93.1% v 86.7%; P 5

.0077). Late responders (MI-positive/EOI-negative) had a significantly poorer
PFS than early responders (MI-negative/EOI-negative; HR, 3.11 [95% CI, 1.75 to
5.52]; P 5 .00011). The smallest proportion of MRD positivity was observed in
patients receiving bendamustine at MI (4.8% v 16.0% in those receiving CHOP;
P < .0001). G appeared to compensate for less effective chemotherapy regimens,
with similarMRDresponse rates observedacross theG-chemogroups.During the
maintenanceperiod,morepatients treatedwithR thanwithGwereMRD-positive
(R-CHOP, 20.7% v G-CHOP, 7.0%; R-CVP, 21.7% v G-CVP, 9.4%). Throughout
maintenance, MRD positivity was associated with clinical relapse.

CONCLUSION MRD status can determine outcome after induction and during maintenance,
and MRD negativity is a prerequisite for long-term disease control in FL. The
higher MRD responses after G- versus R-based treatment confirm more ef-
fective tumor cell clearance.

INTRODUCTION

The widespread use of immunochemotherapy followed by
maintenance with the anti-CD20 antibody rituximab (R) has
improved outcomes for previously untreated patients with
symptomatic follicular lymphoma (FL).1-3 However, most
patients will eventually relapse, with early relapse or non-
response associated with particularly poor prognosis.4

Obinutuzumab (GA101; G) is a glycoengineered type II

anti-CD20 antibody with enhanced direct cell killing and
antibody-dependent cellular phagocytosis,5 and proven ef-
ficacy in patients with chronic lymphocytic leukemia (CLL)6

and indolent non-Hodgkin lymphoma.7-9

The randomized GALLIUM trial (ClinicalTrials.gov identifier:
NCT01332968) evaluated the efficacy and safety ofG versusR in
combination with chemotherapy as induction and mainte-
nance in previously untreated patients with FL.10 G plus
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chemotherapy (G-chemo) significantly improved
investigator-assessed progression-free survival (PFS) com-
paredwithRplus chemotherapy (R-chemo; 3-year PFS, 80.0%
v 73.3%; P 5 .001).10,11

FL still remains incurable, and the duration of remission in
individual patients might be determined by quantitation of
residual lymphoma cells after treatment (minimal residual/
detectable disease [MRD]), as well as their proliferation
kinetics during follow-up. There is increasing evidence that
MRD status reflects depth of response and informs prognosis
after first-line therapy and relapse in patients with FL.12-15

This study reports the results of preplanned MRD assess-
ments during treatment periods in patients with FL enrolled
in the GALLIUM trial. Study objectives were to evaluate the
depth and kinetics ofMRD response tofirst-line G-chemo or
R-chemo, and explore the prognostic role of MRD-status in
a prospective setting to evaluate the use ofMRD as a dynamic
parameter for treatment modification.

PATIENTS AND METHODS

Study Design and Treatments

Patients with untreated, histologically documented, CD20-
positive FL were randomly assigned to G 1,000 mg versus R
375 mg/m2 combined with chemotherapy (6 cycles of
bendamustin on days 1 and 2 every 28 days, or 8 cycles of
cyclophosphamide, doxorubicin, vincristine, prednisone
[CHOP], or cyclophsphamide, vincristine, prednisolone once
every 21 days).10,11 Responding patients received G or R
maintenance according to randomized treatment arm every
2months for 2 years or until disease progression, patientswith
stable disease at end of induction (EOI) were observed. Posi-
tron emission tomography (PET) scans to assess metabolic

response at EOI were retrospectively assessed according to the
Lugano 2014 criteria.16,17

The study was conducted in accordance with the Declaration
of Helsinki and the ICH guidelines for Good Clinical Practice.
Approval was obtained from ethics committees of each
participating center and written informed consent including
MRD assessment was provided by patients.

MRD Assessment

MRD analysis was performed at the central reference lab-
oratory in Kiel, Germany.

After screening diagnostic peripheral blood (PB) and bone
marrow (BM) samples by polymerase chain reaction (PCR)18

to detect a t(14;18) translocation and/or a clonal immuno-
globulin (Ig) heavy or light chain rearrangement. Allele- or
translocation-specific, real-time quantitative PCR (qPCR)
assays were designed with a sensitivity of 1025.19 Quantifi-
cation by plasmid standards was conducted using amodified
protocol.20

MRD results were evaluated according to European Study
Group criteria for MRD detection/Euro-MRD.21 To confirm
qPCR results, qualitative nested PCR of two replicates (500 ng
DNA input each) was performed using the ASO primer.22

MRD statuswas classified as positive if both qPCR and nested
PCR were positive, and classified as negative if there was no
specific PCR signal in a sample with at least 104 control gene
copies.

MRD status was evaluated at mid-induction (MI; in PB), at
EOI (pooled PB and BM), during maintenance (in PB), and
during follow-up (in PB). MRD status at EOI was determined

CONTEXT

Key Objective
In the randomizedGALLIUM trial, we explored the role ofminimal residual/detectable disease (MRD) status during induction and
maintenance to explain differences in outcome after obinutuzumab (G)- or rituximab-based treatment and evaluated the use of
MRD as a marker for outcome and a dynamic parameter for treatment modification in patients with follicular lymphoma (FL).

Knowledge Generated
MRD positivity was associated with inferior progression-free survival during and after anti–CD20-based induction and was
less frequently detected after G-based chemotherapy and maintenance. Outcome was favorable for early MRD responders
during induction and throughout maintenance. MRD positivity or reappearance was prognostic for earlier clinical relapse.

Relevance (J.W. Friedberg)
This study leverages a large phase III trial to demonstrate the association of MRD status with outcomes in patients with FL.
With these current data demonstrating feasibility, it is time to begin designing trials utilizing this as an integral biomarker.*

*Relevance section written by JCO Editor-in-Chief Jonathan W. Friedberg, MD.

2 | © 2023 by American Society of Clinical Oncology

Pott et al

Downloaded from ascopubs.org by 138.246.3.190 on January 4, 2024 from 138.246.003.190
Copyright © 2024 American Society of Clinical Oncology. All rights reserved. 



as positive if at least one sample (PB or BM)was positive, and
the quantitatively higherMRDvaluewas used for calculation.

The MI time point was defined as cycle 4 day 1 for patients
treated with G-/R-bendamustine, or cycle 5 day 1 for those
treated with G-/R-CHOP or G-/R-CVP (day 85 for all
treatment groups). Assessments during maintenance were
conducted every 4 months during the first year, every
6 months thereafter, and at the final or early termination/
discontinuation visit. Assessments were conducted every
6months during follow-up (Data Supplement, Fig S1, online
only). Samples collected at or subsequent to documented
clinical relapse were not included in statistical analysis.

Progressing patients during induction were excluded from
the corresponding MRD analysis.

Statistical Analysis

MRD response at MI and EOI was tabulated against treat-
ment arm and the associationwas tested using Fisher’s exact
test. The potential association between MRD status (MRD-
negative or MRD-positive) and PFS and overall survival (OS)
was assessed using Kaplan-Meier methodology and Cox
proportional-hazard models. PFS was defined as the time
from random assignment to first occurrence of progression,
relapse, or death from any cause, and OS as the time from
random assignment to death from any cause. Landmark
analyses for PFS and OS included only patients in remission
at the landmark time point, and patients were categorized
according to MRD status at the corresponding landmark.
Statistical analyses were conducted using R (The R Project
for Statistical Computing,23 version 4.0.3).

RESULTS

Patients

Among 1,202 patients in the FL cohort, 1,064 had a baseline
sample and FL confirmed by reference pathology. A clonal
marker was detected in 939 (88.3%) and a qPCR assay
established in 815 (76.6%) patients (Fig 1; Data Supplement,
Table S1). Patients with a clonal marker at diagnosis had
more frequently advanced-stage and high-risk FL Inter-
national Prognostic Index (FLIPI) than those without
(Table 1). Availability of a clonal marker or a qPCR assay was
not associated with PFS (P 5 .44; Data Supplement, Fig S2).

MRD Status at MI and EOI

MRD response was achieved early during treatment in both
treatment arms. At MI, 57/680 (8.4%) patients were MRD-
positive in PB: 37/333 (11.1%) after R-chemo versus 20/347
(5.8%; P5 .013) after G-chemo (Data Supplement, Table S2).
All 20 MRD-positive patients in the G-chemo arm had
low-level MRD (positive below the quantitative range [BLQ]),
while 24/37 MRD-positive patients (64.9%) treated with
R-chemo showed quantifiable MRD.

At EOI, 70/693 (10.1%) were MRD-positive in PB or BM (Data
Supplement, Table S2), with a higher number of patients
MRD-positive afterR-chemo(46/347 [13.3%]) thanG-chemo
(24/346 [6.9%]; P 5 .0077). When analyzed separately, the
difference between the treatment armswas only significant
in BM samples, where 34/209 (16.3%) R-chemo compared
with 14/216 (6.5%) G-chemo patients were MRD-positive
(P 5 .0019).

The chemotherapy backbone affected the quality of re-
sponse. At MI, MRD positivity was more frequent in patients
receiving CHOP (34/213, 16.0%) compared with bend-
amustine (20/415, 4.8%; P < .0001). At EOI, 31/225 (13.8%)
patients treated with CHOP and 31/413 (7.5%) treated with
bendamustine were MRD-positive (P 5 .019; Data Supple-
ment, Table S2).

Antibody type also influenced MRD status in the context of
the different chemotherapy backbones. At EOI, MRD posi-
tivity was more frequent after R-CHOP (23/111, 20.7%) and
R-CVP (5/23, 21.7%) compared with G-CHOP (8/114, 7.0%)
and G-CVP (3/32, 9.4%; Data Supplement, Table S3). In the
bendamustine arm, the differencewas less pronounced, with
18/213 (8.5%) patients showing MRD positivity after
R-bendamustine and 13/200 (6.5%) after G-bendamustine
(Fig 2; Data Supplement, Table S3). However, the difference
was much more noticeable in BM after R-CHOP (19/77,
24.7%) compared with G-CHOP (5/81, 6.2%; Data Supple-
ment, Fig S3). The Data Supplement contains further details
on the association of MRD status with clinical response and
the comparison of MRD in the PB and BM compartments.

Prognostic Value of MRD

After a median follow-up of 59 months, MRD positivity was
strongly associated with poor PFS at both MI (hazard ratio
[HR], 3.03 [95%CI, 2.07 to 4.45]; P< .0001) and EOI (HR, 2.25
[95% CI, 1.53 to 3.32]; P < .0001; Figs 3A and 3C). Although
MRD status at MI was associated with PFS in both treatment
arms (R: HR, 3.30 [95% CI, 2.06 to 5.29]; P < .0001; G: HR,
2.31 [95% CI, 1.16 to 4.62]; P 5 .018; Fig 3B), MRD positivity
at EOI in the G arm was not strongly associated with adverse
prognosis (HR, 0.72 [95% CI, 0.26 to 1.98]; P 5 .53; Fig 3D).
Accordingly, prognostic effects of MRD status at EOI and
antibody treatment revealed a significant interaction (inter-
action P5 .0066). MRD status in clinical response groups was
independently associated with prognosis (Data Supplement,
Table S8 and Fig S4).

In a multivariate analysis including FLIPI and ECOG, MRD
status at MI and EOI was an independent prognostic factor
for PFS (MRD-positive atMI: HR, 3.08 [95%CI, 2.10 to 4.52];
P < .0001; MRD-positive at EOI: HR, 2.37 [95% CI, 1.59 to
3.51]; P < .0001).

Likewise, MRD status was associated with OS at both time
points in univariable analysis (MI: HR, 2.58 [95% CI, 1.25 to
5.32]; P5 .010; EOI: HR, 2.39 [95% CI, 1.15 to 4.97]; P5 .019),
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and when adjusted for FLIPI and ECOG (MRD-positive at MI:
HR, 2.45 [95% CI, 1.19 to 5.04]; P 5 .015; MRD-positive at
EOI: HR, 2.34 [95%CI, 1.13 to 4.87]; P5 .023). The association
between MRD status and outcome was independent of the
chemotherapy arm (Figs 3E and 4C); however, the difference
in OS was more pronounced in bendamustine-treated pa-
tients (Fig 4C). Interestingly, late responders (MI-positive/
EOI-negative) had a significantly poorer PFS than early
responders (HR, 3.11 [95% CI, 1.75 to 5.52]; P5 .00011; Fig 5).

MRD status at bothMI and EOI in PB/BMwas associatedwith
progression within 24 months from the start of treatment
(POD24; odds ratio [OR], 4.28; P < .0001 at MI; OR, 3.61;
P 5 .00021 at EOI; Data Supplement, Fig S5). At MI/EOI,
MRD status predicted 23%/25% of patients with POD24
and 93%/92% without POD24.

MRD Status and PET Response

Of 527 patients with FL with a PET result at EOI, 317 patients
also had an MRD result at EOI. Complete metabolic response
(CMR) was achieved by 246 patients (77.7%); of these, 229
(93%) were MRD-negative (Data Supplement, Table S4).
Patients with both CMR and MRD-negative response had
better PFS (3-year PFS after EOI, 81.1%; Data Supplement,
Fig S6) than patientswith CMRonly (n5 17, 58.8%;HR, 2.53;
P5 .01) or MRD-negative response only (n5 65, 73.9%; HR,
1.50; P 5 .095). Both PET and MRD results were indepen-
dently associated with poorer PFS in a Cox model including
these two variables (MRD-positive: HR, 2.70 [95% CI, 1.53 to
4.79]; P 5 .00063; no CMR: HR, 1.57 [95% CI, 1.01 to 2.42];
P 5 .043). The results remained similar with adjustment for
FLIPI and ECOG (Data Supplement, Table S5).

FL ITT 
(N = 1202)

Exclude Israel and China
(n = 1138)

Baseline sample available
(n = 1115)

Diagnosis not overturned
(n = 1064)

Clonal marker detected
(n = 939)

RQ-PCR assay established
(n = 815)

Evaluable at MI
(n = 680)

Patients from Israel and China 
excluded for local regulatory (n = 64)

Patients with no samples received
(n = 23)

Patients with FL diagnosis 
overturned (n = 51)

Patients with no clonal marker 
detected (n = 125)

Patients with no RQ-PCR with 
sufficient sensitivity established (n = 124) 

Patients with no sample provided (n = 53)
  at either MI or EOI assessment
Patient with PD at MI                        (n = 1)
Patients with PD at EOI                   (n = 16)
Patients censored at day 1               (n = 5)

Evaluable at EOI
(n = 693)

FIG 1. Flow diagram of the MRD-evaluable population of the GALLIUM trial. BM, bone marrow; EOI, end of
induction; FL, follicular lymphoma; ITT, intention-to-treat;MI, mid-induction;MRD,minimal residual/detectable
disease; PD, disease progression; RQ-PCR, real-time quantitative polymerase chain reaction.
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TABLE 1. Disease Characteristics of Patients With and Without a Clonal Marker

Characteristic Total Cohort (N 5 1,064) No Clone Detected (n 5 125) Clone Detected, No RQ-PCR Assay (n 5 124) Clone Detected, With RQ-PCR Assay (n 5 815) P

Age, years, median (range) 59 (23-88) 59 (33-88) 63 (33-81) 58 (23-85) .092

Male, No. (%) 497 (46.7) 55 (44.0) 46 (37.1) 396 (48.6) .047

ECOG PS, No. (%) .37

0-1 1,027 (96.6) 122 (97.6) 122 (98.4) 783 (96.2)

2 36 (3.4) 3 (2.4) 2 (1.6) 31 (3.8)

Ann Arbor stage, No. (%) <.0001

I 16 (1.5) 1 (0.8) 2 (1.6) 13 (1.6)

II 78 (7.4) 22 (17.9) 15 (12.2) 41 (5.0)

III 355 (33.6) 60 (48.8) 60 (48.8) 235 (28.9)

IV 609 (57.6) 40 (32.5) 46 (37.4) 523 (64.4)

FLIPI, No. (%) <.0001

Low 223 (21.0) 46 (36.8) 31 (25.0) 146 (17.9)

Intermediate 399 (37.5) 43 (34.4) 49 (39.5) 307 (37.7)

High 442 (41.5) 36 (28.8) 44 (35.5) 362 (44.4)

BM involvement, No. (%) <.0001

Positive 562 (53.2) 16 (12.8) 37 (29.8) 509 (63.1)

Negative 474 (44.9) 105 (84.0) 85 (68.5) 284 (35.2)

Indeterminate 20 (1.9) 4 (3.2) 2 (1.6) 14 (1.7)

Extranodal involvement, yes, No. (%) 705 (66.3) 50 (40.0) 61 (49.2) 594 (72.9) <.0001

Antibody treatment, No. (%) .80

Rituximab 528 (49.6) 61 (48.8) 65 (52.4) 402 (49.3)

Obinutuzumab 536 (50.4) 64 (51.2) 59 (47.6) 413 (50.7)

Abbreviations: BM, bone marrow; ECOG PS, Eastern Cooperative Oncology Group performance status; FLIPI, Follicular Lymphoma International Prognostic Index; RQ-PCR, real-time quantitative
polymerase chain reaction.
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MRD Status During Maintenance

TheMRD status of patients in remission at EOI was analyzed
at 4, 8, 12, and 18 months from the start of maintenance
treatment and at the end of maintenance (Data Supplement,
Fig S7). In the majority of patients, MRD status remained
unchanged during maintenance; 575 patients remained
negative throughout maintenance treatment and only six
were continuously MRD-positive. Four of these patients
showed progression (months 11, 12, 13, and 33), two of whom
died within 2.5 years after progression.

Twenty-two patients changed from MRD-negative to
MRD-positive and 12 from MRD-positive to MRD-negative,
and 22 had a fluctuating MRD level during the course of
maintenance treatment. Patients treated with R were more
often consistentlyMRD-positive or switchedmore often from
MRD-negative toMRD-positive,while patients treatedwithG
were more frequently MRD-negative (P 5 .16; Data Supple-
ment, Table S6).

Landmark analyses at 4, 8, 12, and 18 months from the start
of maintenance demonstrated that throughout maintenance
treatment, MRD positivity or MRD reappearance was highly
associated with clinical relapse and had a strong impact on
prognosis (Fig 6; Data Supplement, Table S7).

DISCUSSION

Sensitive MRD assessment is an important tool for predicting
relapse and directing therapy in hematologic malignancies
such as CLL, mantle cell lymphoma, and FL.24,25 In FL, MRD

analysis has demonstrated important prognostic value after
immunochemotherapy12-15 and after chemotherapy-free
treatment, including R and lenalidomide.26 However, one
major limitation of published studies in FL is the restriction of
MRD analysis to the patient populationwith a PCR-detectable
t(14;18) translocation, thereby excluding around40%-60%of
patients. By additionally tracking the clonal IG rearrangement
with a standardized allele-specific qPCR-based approach, we
were able to (1) show the standardized applicability in the
large prospective GALLIUM trial and (2) investigate a higher
number of study patients (77% of patients with a baseline
sample) for MRD.

The dropout rate of 23% was mainly because of low FL in-
filtration of the diagnostic PB and BM samples below the
limits of detection and of quantification according to Euro-
MRD criteria, and was not improved by use of BM, known to
contain a higher number of lymphoma cells than PB.27 This is
important information for prospective clinical trials usingMRD
by next-generation sequencing of Ig genes. Here, the critical
threshold for identification of a trackable dominant Ig clo-
notype is >5% read abundancy in PB.28,29 To further increase
the proportion of evaluable patients for MRD-based treatment
approaches, one should consider integrating diagnostic lymph
node samples for establishment of the MRD assay. Of note, for
MRD assessment after immunochemotherapy, using BM for
MRD detection seems preferable with a higher MRD positivity
rate, confirming data from other trials.13,15

MRD data in this trial were generated with a well-standardized
qPCR assay targeting circulating lymphoma cells, which was
the standard when this study was planned. New technologies
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such as targeted high-throughput sequencing of cell-free
circulating tumor DNA (ctDNA) currently used for MRD
tracking and molecular profiling in aggressive lymphoma30

might also be a suitable strategy for FL, not only overcoming
disadvantages of qPCR-based MRD assessment such as the
need for patient-specific assays and a limited sensitivity, but
also providing additional information on mutational profile
and potential clonal evolution. Whether dynamic ctDNA
measurement is informative for MRD in a low proliferative
disease such as FL with low ctDNA shedding should be

explored in future clinical trials, including the investi-
gation of earlier investigational time points for optimized
risk stratification.

By measuring MRD, the better outcome after G in the
GALLIUM trial10 could be attributed to a more effective re-
duction of tumor cells during induction treatment, reflected
by higher anddeeperMRD response rates in theG-chemoarm
across compartments (PB and/or BM) and chemotherapy
partners. Residual disease wasmore frequently detected atMI
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in R-treated patients compared with the G-chemo arm; this
difference was maintained at EOI and was demonstrated in
particular in BM samples, where the number ofMRD-positive
samples was reduced by 50% in the G arm. To investigate
future MRD-driven treatment strategies, the low MRD pos-
itivity rate already at MI should be overcome by looking at
earlier time points or improving on MRD assay sensitivity.

The MRD response rate in the R-chemo arm of the GALLIUM
trial (88.9%) was higher than previous reports of R-based
immunochemotherapy induction in patients with previously
untreated FL.13-15 This can in part be attributed to the frequent
use of bendamustine-based chemotherapy in GALLIUM
(57%).10 Although the trial was not powered to address dif-
ferencesby chemotherapy arms, 3-year PFS rateswerehighest
in the bendamustine group and lowest in the CVP group,
suggesting that CHOP/CVP were less effective partners.31

MRD data in this trial allowed a precise estimation of the
contribution of each treatment component to the reduction
of tumor burden over time. MRD response rates suggest that
bendamustine is not only the most effective chemotherapy
backbone in induction treatment of FL, but also that G can
compensate for a less effective chemotherapy, resulting in
comparable MRD response rates after CHOP-/CVP-based
induction. Thus, MRD assessment is an attractive tool for
measuring treatment efficacy of different therapies in a
timely manner and is an important contributor to future
study planning at the individual level.

Detectable MRD at both MI and EOI was highly associated
with poor PFS, independent of chemotherapy backbone,
clinical variables such as FLIPI and ECOG, and quality of
clinical response. These findings are consistent with pre-
vious studies of first-line (immuno)chemotherapy in FL,
which have suggested a prognostic role for MRD status at
EOI.13-15,32,33 However, our results suggest that G-chemo
might reduce the prognostic effects of MRD status, for ex-
ample, by achieving deeper MRD responses, a finding that
requires further validation considering the reduced statis-
tical power in light of the few PFS events observed so far with
G-chemo.

Interestingly, in our study, early MRD response at MI was
more predictive of outcome and could not be compensated for
by later MRD response at EOI. The importance of early MRD
response has been shown in other hematologic malignancies,
such as ALL and CLL,34,35 but data are scarce for FL. Our data
emphasize the importance of early response assessment in
effective induction treatment for an early readout of treat-
ment efficacy and prognosis. Of note,MRD time points should
be re-evaluated in the light of novel therapies with different
response kinetics than immunochemotherapy.

By comparingMRDandPET response in a subgroupofpatients,
we confirmed the correlation between both measurements
and show that in the setting of CMR, molecular assessment of
response further improves the ability to predict patient out-
comes. Therefore, in preplanned response-adapted trials, the
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combination of both methods should be performed for the
most precise response assessment.

POD24 is associated with adverse survival outcomes in FL.4

However, markers for early identification of these patients
are currently lacking. In this trial, POD24 was significantly
associated with MRD status during induction (both MI and
EOI), but did not identify the majority of POD24 patients and
was better suited to excluding than to predicting POD24. This
reflects that early progression in FL is a multifactorial
process, not only driven by the initial response to immu-
nochemotherapy. However, as one quarter of POD24 patients
can be identified early, strategies for treatment intensifi-
cation according to MRD risk profiles during and after in-
duction appear justified to improve prognosis of patients
with FL at risk for relapse.

The importance of maintenance treatment for long-term
disease control in FL has been shown by the PRIMA study.36

There are few data published investigating the clinical rele-
vance and prognostic role of MRD status during anti-CD20
maintenance treatment. A trial from the Fondazione Ital-
iana Linfomi investigated the role of R-maintenance in
elderly patients with FL, demonstrating a shorter PFS in
MRD-positive patients duringmaintenance.13 Similarly, the
recently published FOLL12 phase III trial demonstrated that
2-year R maintenance prolonged PFS mainly in patients
with CMR and MRD negativity, but was associated with
inferior efficacy in CMR/MRD-positive patients even when
administered in an intensified way.32 MRD data in GALLIUM
confirm the superiority of G for disease control in mainte-
nance: patients in the R-arm were more often consistently
MRD-positive or switchedmore often fromMRD-negative to
MRD-positive. In landmark analyses, we showed the strong
prognostic impact of MRD status throughout maintenance
treatment, with MRD positivity or MRD reappearance
being highly associated with clinical relapse and adverse
outcome. The strong association of clinical relapse with
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MRD positivity or reappearance raises the question whether
an intensified maintenance including novel drugs could pre-
vent clinical relapse and improve outcomes in MRD-positive
patients, a question that should be addressed in future clinical
trials. Our data confirm the importance of maintaining an
MRD-negative status for long-term disease control of FL
and discourage treatment reduction in MRD-negative
patients.

In conclusion, this analysis demonstrates that early and
continuous MRD response after immunochemotherapy in
first-line treatment is themost important factor for long-term
disease control and outcomes in FL and confirms the prog-
nostic value ofMRDstatus at EOI and throughoutmaintenance.
It also provides valuable concepts for MRD-driven trials, in-
cluding the timing of MRD analysis and potential intervention
time points for MRD-positive patients.

AFFILIATIONS
1University Hospital Schleswig-Holstein, Kiel, Germany
2Department of Internal Medicine III, University Hospital of the Ludwig-
Maximilians-University Munich, Munich, Germany
3Institute for Medical Information Processing, Biometry, and
Epidemiology, Faculty of Medicine, Ludwig-Maximilians-University
Munich, Munich, Germany
4Concord Repatriation General Hospital, University of Sydney, Sydney,
NSW, Australia
5HELIOS Klinikum, Erfurt, Germany
6University of Ottawa, Ottawa Hospital, Ottawa, ON, Canada
7University Hospitals Leuven, Leuven, Belgium
8University Hospital and Masaryk University, Brno, Czech Republic
9East Kent Hospital, Canterbury, United Kingdom
10F. Hoffmann-La Roche Ltd, Basel, Switzerland
11Roche Products Ltd, Welwyn Garden City, United Kingdom
12Kings College Hospital, London, United Kingdom

CORRESPONDING AUTHOR

Christiane Pott, MD, PhD, Second Medical Department, University
Hospital Schleswig-Holstein, Campus Kiel, Arnold-Heller St 3, Kiel
24105, Germany; e-mail: c.pott@med2.uni-kiel.de.

PRIOR PRESENTATION

Presented in part at the American Society of Hematology Annual
Meeting & Exposition, San Diego, CA, December 2, 2018.

SUPPORT

The GALLIUM trial was sponsored by F. Hoffmann-La Roche Ltd.

CLINICAL TRIAL INFORMATION

NCT01332968 (GALLIUM)

AUTHORS’ DISCLOSURES OF POTENTIAL CONFLICTS
OF INTEREST

Disclosures provided by the authors are available with this article at DOI
https://doi.org/10.1200/JCO.23.00838.

DATA SHARING STATEMENT

Qualified researchers may request access to individual patient-level data
through the clinical study data request platform (https://vivli.org/). Further
details on Roche’s criteria for eligible studies are available here (https://
vivli.org/members/ourmembers/). For further details on Roche’s Global
Policy on the Sharing of Clinical Information and how to request access
to related clinical study documents, see here (https://www.roche.com/
research_and_development/who_we_are_how_we_work/clinical_trials/
our_commitment_to_data_sharing.htm).

AUTHOR CONTRIBUTIONS

Conception and design: Christiane Pott, Michael Unterhalt, Kirsten
Mundt, Wolfgang Hiddemann, Eva Hoster
Administrative support: Michael Unterhalt, Wolfgang Hiddemann
Provision of study materials or patients: Judith Trotman, Michael
Herold, Richard van der Jagt, Ann Janssens, Jiri Mayer, Nathalie
Spielewoy, Wolfgang Hiddemann
Collection and assembly of data: Christiane Pott, Judith Trotman, Britta
Kehden, Michael Unterhalt, Richard van der Jagt, Ann Janssens, Jiri
Mayer, Moya Young, Christian Schmidt, Nathalie Spielewoy, Kirsten
Mundt
Data analysis and interpretation: Christiane Pott, Vindi Jurinovic, Judith
Trotman, Britta Kehden, Michael Unterhalt, Michael Herold, Richard van
der Jagt, Ann Janssens, Michael Kneba, Jiri Mayer, Andrea Knapp, Tina
Nielsen, Helen Brown, Nathalie Spielewoy, Chris Harbron, Alessia
Bottos, Kirsten Mundt, Robert Marcus, Wolfgang Hiddemann, Eva
Hoster
Manuscript writing: All authors
Final approval of manuscript: All authors
Accountable for all aspects of the work: All authors

ACKNOWLEDGMENT

The authors would like to thank the patients and their families, as well
as the study investigators, study coordinators, and nurses. The authors
would also like to thank Guenter Fingerle-Rowson for his valuable
contribution to the study design and Anne-Wiebke Kruse for excellent
technical support. Third-party editorial assistance, under the direction
of the authors, was provided by Aisling Lynch, PhD, of Ashfield
MedComms, an Inizio company, and was funded by F. Hoffmann-La
Roche Ltd.

REFERENCES
1. Herold M, Haas A, Srock S, et al: Rituximab added to first-line mitoxantrone, chlorambucil, and prednisolone chemotherapy followed by interferon maintenance prolongs survival in patients with

advanced follicular lymphoma: An East German Study Group Hematology and Oncology Study. J Clin Oncol 25:1986-1992, 2007.
2. Hiddemann W, Kneba M, Dreyling M, et al: Frontline therapy with rituximab added to the combination of cyclophosphamide, doxorubicin, vincristine, and prednisone (CHOP) significantly improves

the outcome for patients with advanced-stage follicular lymphoma compared with therapy with CHOP alone: Results of a prospective randomized study of the German Low-Grade Lymphoma
Study Group. Blood 106:3725-3732, 2005

3. Marcus R, Imrie K, Belch A, et al: CVP chemotherapy plus rituximab compared with CVP as first-line treatment for advanced follicular lymphoma. Blood 105:1417-1423, 2005
4. Casulo C, Byrtek M, Dawson KL, et al: Early relapse of follicular lymphoma after rituximab plus cyclophosphamide, doxorubicin, vincristine, and prednisone defines patients at high risk for death: An

analysis from the National LymphoCare Study. J Clin Oncol 33:2516-2522, 2015.

Journal of Clinical Oncology ascopubs.org/journal/jco | Volume nnn, Issue nnn | 11

Prognostic Value of MRD in FL Treated With Immunochemotherapy

Downloaded from ascopubs.org by 138.246.3.190 on January 4, 2024 from 138.246.003.190
Copyright © 2024 American Society of Clinical Oncology. All rights reserved. 

mailto:c.pott@med2.uni-kiel.de
https://www.clinicaltrials.gov/ct2/show/NCT01332968
https://ascopubs.org/doi/full/10.1200/jco.23.00838
https://vivli.org/
https://vivli.org/members/ourmembers/
https://vivli.org/members/ourmembers/
https://www.roche.com/research_and_development/who_we_are_how_we_work/clinical_trials/our_commitment_to_data_sharing.htm
https://www.roche.com/research_and_development/who_we_are_how_we_work/clinical_trials/our_commitment_to_data_sharing.htm
https://www.roche.com/research_and_development/who_we_are_how_we_work/clinical_trials/our_commitment_to_data_sharing.htm
http://ascopubs.org/journal/jco
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