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Medecine, René Descartes University, Paris, France; 3Service d’Hématologie Clinique, Centre Hospitalier Universitaire Dijon, INSERM UMR1231, Dijon, France;
4Department of Hematology, Centre Henri Becquerel, University Rouen, INSERM U1245, Rouen, France; 5Department of Hematology, Centre Hospitalier
Universitaire Nancy, INSERM 1256, Nancy, France; 6The Lymphoma Academic Research Organisation, Statistic, Centre Hospitalier Lyon Sud, Pierre-Benite, France;
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20Hematology, Université Lille, Centre Hospitalier Universitaire Lille, EA 7365 Groupe de Recherche sur les formes Injectables et les Technologies Associées, Lille,
France; 21Concord Repatriation General Hospital, University of Sydney, Concord NSW, Australia; 22Service d’Hématologie Clinique, Centre Hospitalier Regional
Annecy, Annecy, France; 23Hematology, Centre Hospitalier Dr Duchenne, Boulogne-Sur-Mer, France; 24Hematology, Algemeen Ziekenhuis Sint-Jan, Brugge,
Belgium; 25Hematology, Centre Hospitalier Bretagne Atlantique, Vannes, France; 26Pathology, INSERM U955, University Hospital Henri-Mondor, Assistance
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KEY PO INT S

l Early identification of
ultra-risk DLBCL
patients is needed to
aid stratification to
alternative treatment
approaches.

l High baseline TMTV
(6ECOG) was a strong
prognosticator of
inferior PFS and OS in
REMARC patients
post-R-CHOP,
irrespective of
maintenance.

Early identification of ultra-risk diffuse large B-cell lymphoma (DLBCL) patients is needed to
aid stratification to innovative treatment. Previous studies suggested high baseline total
metabolic tumor volume (TMTV) negatively impacts survival of DLBCL patients. We ana-
lyzed the prognostic impact of TMTV and prognostic indices in DLBCL patients, aged 60
to 80 years, from the phase 3 REMARC study that randomized responding patients to
R-CHOP (rituximab plus cyclophosphamide, doxorubicin, vincristine, and prednisone) into
maintenance lenalidomide or placebo. TMTV was computed on baseline positron emission
tomography/computed tomography using the 41% maximum standardized uptake value
method; the optimal TMTV cutoff for progression-free (PFS) and overall survival (OS) was
determined and confirmed by a training validation method. There were 301 out of 650
evaluable patients, including 192 patients classified as germinal center B-cell–like (GCB)/
non-GCB and MYC/BCL2 expressor. Median baseline TMTV was 238 cm3; optimal TMTV
cutoff was 220 cm3. Patients with high vs low TMTV showed worse/higher Eastern Co-
operative Oncology Group performance status (ECOG PS) ‡2, stage III or IV disease, >1
extranodal site, elevated lactate dehydrogenase, International Prognostic Index (IPI) 3-5,

and age-adjusted IPI 2-3. High vs low TMTV significantly impacted PFS andOS, independent of maintenance treatment.
Although the GCB/non-GCB profile and MYC expression did not correlate with TMTV/survival, BCL2 >70% impacted
PFS and could be stratified by TMTV. Multivariate analysis identified baseline TMTV and ECOG PS as independently
associated with PFS and OS. Even in responding patients, after R-CHOP, high baseline TMTV was a strong prog-
nosticator of inferior PFS and OS. Moreover, TMTV combined with ECOG PS may identify an ultra-risk DLBCL pop-
ulation. This trial was registered at www.clinicaltrials.gov as #NCT01122472. (Blood. 2020;135(16):1396-1405)
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Introduction
In the western world, the number of aging and elderly patients
with diffuse large B-cell lymphoma (DLBCL) will rise continuously,
since it is a disease with a typical median age at initial diagnosis of
.70 years.1,2 Unsatisfactory treatment of these aging patients and
decreasing overall survival (OS) rates are thus of great concern.
Indeed, approximately one-third of elderly patients relapse or
require retreatment within the first 24 months following first-line
induction therapy.3 Effective salvage options after failure to
standard R-CHOP (rituximab plus cyclophosphamide, doxorubi-
cin, vincristine, and prednisone) induction are limited, particularly

for the most elderly, who are ineligible for autologous stem cell
transplantation.4-6 Therefore, innovative therapeutic strategies are
needed to optimize induction and prevent or delay relapse after
R-CHOP. This will require a refined risk-scoring approach for early
identification of high-risk patients to aid stratification to modified
and innovative treatment approaches. Prognostic indices such as
the International Prognostic Index (IPI) do not stratify the very
elderly patients.7-9 The recently devised National Comprehensive
Cancer Network (NCCN) IPI has improved patient classification
relative to age.10 Recently the results of the RICOVER-no-RTh cohort
have shown that in elderly patients with aggressive lymphoma,
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tumor bulk.7.5 cm is a negative prognostic factor, in contrast to
that observed in younger patients, leading to interest in the
evaluation of tumor burden to help risk classification.11 Based
on these findings, the total metabolic tumor volume (TMTV)
measured by baseline fluorodeoxyglucose positron emission
tomography/computed tomography (PET/CT) could be a useful
tool. Indeed, several retrospective studies have shown in DLBCL
that high baseline TMTV measured by fluorodeoxyglucose PET/
CT was associated with worse progression-free survival (PFS)
and/or OS.12-14 Furthermore, baseline TMTV differentiated risk
groups when combined with cell of origin (COO), BCL2, and
MYC12-14 or according to PET response to treatment.15,16 These
data remain to be confirmed in elderly DLBCL patients.

The phase 3 REMARC study showed that lenalidomidemaintenance
significantly prolonged PFS compared with placebo in 650 DLBCL
patients aged $60 years who had achieved a complete response
(CR) or partial response (PR) to R-CHOP.17 No difference in OS
betweenarmswas foundat amedian follow-upof 52months.Nearly
half of these patients had a baseline PET/CT measurement. In the
present study, we evaluated whether baseline TMTV demonstrated
prognostic value in this group of elderly patients who responded to
R-CHOP. We also analyzed the relationships among TMTV, clinical
parameters, the maintenance treatment arms, and molecular profile
to explore if additional prognostic indices could be identified.

Materials and methods
Study population
REMARC study design details have been reported elsewhere
(registered at www.clinicaltrials.gov as #NCT01122472; the original
study protocol is included as a data supplement available with the
online version of this article).17 Briefly, 650 patients with CD201

DLBCL or aggressive non-Hodgkin lymphoma, aged 60 to 80 years,
Eastern Cooperative Oncology Group performance status (ECOG
PS) 0-2, stage II-IV, and age-adjusted IPI (aaIPI).1 who responded
with a CR or PR by Cheson 2007 criteria18 after 6 or 8 cycles of
standard R-CHOP given for 14- or 21-day cycles (R-CHOP14 or
R-CHOP21) were included and randomized 1:1 to lenalidomide
maintenance 25mg/day or placebo for 21 of every 28-day cycle for

2 years. In REMARC, only a contrast-enhanced CT was required at
baseline, and PET/CTwas optional, but not mandatory. All imaging
data were centralized during the trial on a dedicated platform.

For the current study, only patients with a baseline PET/CT
available in the platform in an anonymized Digital Imaging and
Communications in Medicine format and allowing measurement
of baseline TMTVwere included (supplemental Figure 1, available
at the Blood Web site).

Baseline TMTV
Measurement of TMTV was performed by 2 senior nuclear med-
icine physicians (L.V. and A.-S.C.) who were blinded to patient
outcomes and each analyzed a randomized half of the population.

TMTV was computed with the 41% maximum standardized
uptake value threshold method as recommended by the Euro-
pean Association of Nuclear Medicine and published in various
lymphoma subtypes.19 The free semiautomatic software Beth
Israel Fiji20 was used (http://petctviewer.org).20 Regional volumes
automatically identified by the software were checked by visual
assessment to confirm inclusion of only pathological lesions. PET
images were scaled using a fixed display and color table scaled to
the standardized uptake value as recommended.21,22 TMTV was
obtained by summing the metabolic volumes of all local (L) nodal
and extranodal lesions. Bone marrow involvement was included
in volume measurement only if there was focal uptake. Spleen
was considered as involved and included if there was focal uptake
or diffuse uptake .150% of the liver background.

Clinical data
Baseline patient and disease characteristics, including individual
components of the IPI and survival data, were obtained. PFS was
assessed by an independent review committee according to
European Medical Agency censoring rule, and OS was defined
according to revised National Cancer Institute criteria.

Pathology
Histologic diagnoses were centrally reviewed by expert patholo-
gists (J.B., J.C., and P. Gaulard). Expression of CD10, BCL6, and

Excluded patients (n = 349)
Patients without baseline FDG-PET, or

FDG-PET not suitable for TMTV analysis

Study population (n = 301)
Patients with baseline FDG-PET available

for TMTV analysis

Eligible patients (n = 650)
Patients included in the REMARC study

CD20+ DLBCL or aggressive NHL, 60-80 years,
ECOG PS 0-2, stage II-IV, aaIPI  1, responder to

R-CHOP

Lenalidomide subgroup
(n = 155)

Placebo subgroup
(n = 146)

Figure 1. CONSORT flowchart of patients by TMTV
analysis and treatment arm. FDG, fluorodeoxyglucose;
NHL, non-Hodgkin lymphoma.
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MUM1was examined by immunohistochemistry to classify all cases
as germinal center B-cell-like (GCB) or non-GCB by the Hans
algorithm.23

BCL2 and MYC expression
Percentages of BCL2 and MYC protein expression were assessed
using immunohistochemistry.24 Different thresholds of positivity
were tested (50% and 70% for BCL2 and 40% and 70% for MYC)
based on studies by Petrella and colleagues.24

Statistical analysis
The optimal TMTV cutoff for PFS and OS was determined by X-tile
analyses and confirmed by a training validation method. A random
sample of two-thirds of the patients was the training cohort; the
remaining one-third was the validation cohort. In the present study,
PFS was measured from the date of randomization to the date of
death from any cause, disease relapse or progression, or the date of
last contact. OS was calculated from the date of randomization until
the date of death from any cause or the date of last contact.17,18

Survival functions were calculated by Kaplan-Meier estimates
and comparison between categories using the log-rank test.
Characteristics of populations were compared using the x2 or
Fisher’s exact test for discrete variables and the Student t test or
Mann-Whitney U test for continuous variables.

Variables considered for model building included TMTV results;
treatment arm; and lactate dehydrogenase (LDH) level, b2
microglobulin, albumin, ECOG PS, Ann Arbor stage, time to
treatment, IPI, andNCCN-IPI score in classes.Multivariable analyses
were performed by using Cox proportional hazards models. For
comparisonwith the IPI, eachmodel’s discriminationwas computed
using Net Reclassification Improvement (NRI).25 A P value of # .05
was considered statistically significant. Statistical analyses used SAS
9.3 and X-tile 3.6.1 software (Yale University, New Haven, CT).

Results
Population
In all, 360 out of 650 patients from the REMARC trial had baseline
PET/CT. From those, 301 patients with baseline PET/CT allowing
TMTVmeasurement were included in this study, accounting for 155

Table 1. Characteristics of patients based on baseline
TMTV £220 or >220

Characteristic, n (%)
TMTV £220
(n 5 142)

TMTV >220
(n 5 159) P

Age (y), median (range) 68 (58-78) 68 (59-80) .51

Sex .02*
Male 73 (51) 103 (65)
Female 69 (49) 56 (35)

Histology .12
DLBCL NOS 98 (69) 115 (72)
FL grade 3B 2 (1) 1 (1)
De novo transformed 18 (13) 8 (5)
Other 16 (11) 15 (9)
Central review

missing
8 (6) 20 (13)

ECOG PS .029
0-1 123 (87) 124 (78)
$2 16 (11) 33 (21)
Missing 3 (2) 2 (1)

Ann Arbor stage .043
I-II 18 (13) 9 (6)
III-IV 124 (87) 150 (94)

aaIPI ,.001
0-1 85 (60) 41 (26)
2-3 56 (39) 115 (72)
Missing 1 (1) 3 (2)

IPI ,.001
0-2 59 (42) 23 (15)
3-5 82 (58) 133 (84)
Missing 1 (1) 3 (2)

NCCN-IPI ,.001
Low-intermediate 54 (38) 22 (14)
High-intermediate 67 (47) 101 (64)
High 10 (7) 29 (18)
Missing 11 (8) 7 (4)

Extranodal sites ,.001
#1 86 (61) 58 (37)
.1 56 (39) 101 (64)

Elevated LDH (>ULN) ,.001
No 77 (54) 41 (26)
Yes 64 (45) 115 (72)
Missing 1 (1) 3 (2)

b2 microglobulin
(mg/L)

,.001

,3 76 (54) 48 (30)
$3 33 (23) 69 (43)
Missing 33 (23) 42 (26)

Albumin (g/L) .005
#35 24 (17) 47 (30)
.35 93 (66) 77 (48)
Missing 25 (18) 35 (22)

Table 1. (continued)

Characteristic, n (%)
TMTV £220
(n 5 142)

TMTV >220
(n 5 159) P

R-CHOP induction
cycles

.45

6 45 (32) 43 (27)
8 cycles 97 (68) 116 (73)

Response to R-CHOP
induction

.99

CR 107 (75) 119 (75)
PR 35 (25) 39 (25)
ORR 142 (100%) 158 (99)

All data are n (%) unless otherwise stated. Percentages may not sum to 100 because of rounding.

NOS, not otherwise specified; FL, follicular lymphoma; ORR, overall response rate; ULN,
upper limit of normal.

*Expected to be an artifact of multiple comparisons (no significant interaction was observed
between gender and TMTV [P 5 .36] on PFS analysis).
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out of 323 patients in the lenalidomide arm of the whole trial and
146 out of 327 patients in the placebo arm (Figure 1). The GCB or
non-GCB profile was determined in a subset of 192 patients, of
whom 95 had an evaluation of BCL2 and MYC overexpression.

Clinical characteristics did not differ from the overall population
of the trial,17 except for ECOG PS (17% of patients with an ECOG

PS $2 in TMTV population vs 28% in non-TMTV population,
P , .001) and number of induction cycles (71% of patients with
.6 cycles of induction treatment in TMTV population vs 57% in
non-TMTV population, P , .001). After a median follow-up of
5 years, 92 patients (31%) presented a PFS event and 56 patients
(19%) presented an OS event; the 4-y PFS was 68% and 4-y OS
was 83%, and they did not differ significantly from those of the
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Figure 2. PFS and OS according to TMTV before R-CHOP and per maintenance treatment arms. (A) PFS for all patients, (B) OS for all patients, (C) PFS in patients receiving
lenalidomide maintenance after R-CHOP, (D) PFS in patients receiving placebo after R-CHOP, (E) OS in patients receiving lenalidomide maintenance after R-CHOP, and (F) OS
in patients receiving placebo after R-CHOP.
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entire trial. There was no difference between the clinical and
biological characteristics of the 2maintenance treatment arms of
the trial (supplemental Appendix, Table A1). Following R-CHOP
induction, a total of 226 (75%) patients were in CR and 74 (25%) of
patients were in PR (Table 1).

Baseline TMTV
Themedian baseline TMTVwas 238 cm3 (interquartile range [IQR],
78 to 523). Based on results from X-tile to determine the best
TMTV cutoff,26 a TMTV threshold of 220 cm3 was selected and
validated as the optimal cutoff for PFS and OS (supplemental
Appendix). Sensitivity, specificity, and positive and negative

predictive values and accuracy of this cutoff for PFS were 0.68,
0.54, 0.40, 0.80, and 0.58, respectively.

The area under the curve for the receiver-operating character-
istic curves for PFS and OS were 0.64 and 0.66 respectively.
Regions of focal spleen uptake were observed in 42 patients
resulting in median metabolic volume of 119 cm3 (IQR, 14-286
cm3), and increased diffuse uptake was observed in 29 with
a median metabolic volume of 372 cm3 (IQR, 127-713 cm3).
The median baseline TMTV excluding the spleen volume was
197 cm3 (IQR, 64-412 cm3). A similar cutoff was found (224 cm3)
for PFS and OS as when spleen was included.

Table 2. Univariable and multivariable analyses for PFS

Label Modality

Univariable Multivariable

HR 95% CI P HR 95% CI P

IPI 3-5 1.8 1.1-3.1 .0195

TMTV .220 2.3 1.5-3.5 .0002 2.1 1.3-3.2 .0018

Treatment arm Lenalidomide 0.6 0.4-0.9 .0152 0.6 0.4-0.9 .0486

NCCN-IPI score High-intermediate 2.0 1.0-3.9 .035
High 1.4 0.8-2.3 .22

ECOG PS $2 2.3 1.4-3.7 .0004 2.0 1.2-3.3 .0044

Ann Arbor stage III-IV 2.0 0.8-4.9 .13

LDH level Elevated 1.2 0.8-1.8 .53

b2 microglobulin $3 mg/L 1.3 0.8-2.1 .23

Albumin .35 g/L 0.7 0.4-1.1 .08

Time to treatment (days) 1.0 0.99-1.0 .53

Table 3. Univariable and multivariable analyses for OS

Label Modality

Univariable Multivariable

HR 95% CI P HR 95% CI P

IPI 3-5 2.9 1.3 to 6.4 .0063

TMTV .220 3.3 1.8 to 6.2 ,.0001 3.1 1.6-5.7 .0005

Treatment arm Lenalidomide 1.0 0.6 to 1.7 .90 1.2 0.7-2.0 .5

NCCN-IPI score High-intermediate 3.3 1.3 to 8.3 .0097
High 2.3 1.1 to 4.9 .0359

ECOG PS $2 2.5 1.4 to 4.4 .0011 2.2 1.3-4.0 .0066

Ann Arbor stage III-IV 2.9 0.7 to 12.0 .14

LDH level Elevated 1.3 0.8 to 2.3 .31

b2 microglobulin $3 mg/L 1.3 0.7 to 2.3 .45

Albumin .35 g/L 0.5 0.3 to 0.9 .01

Time to treatment (days) 1.0 0.99 to 1.0 .61
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TMTV measurement was highly reproducible. In a subset of 25
patients, there was no difference between the means; the Lin
concordance correlation coefficient was 0.998 (95% confidence
interval [CI], 0.996 to 0.999) between the 2 reviewers. The overall
agreement using dichotomization for the 220 threshold was
excellent (k 5 1.0).

The presence of a high TMTV (.220 cm3) was significantly asso-
ciated with ECOG PS $ 2; stage III to IV disease; higher aaIPI, IPI,
and NCCN-IPI scores; more extranodal sites; increased LDH and
b2 microglobulin; and lower albumin (Table 1). The 159 patients
with a high TMTV (.220 cm3) had a significantly worse outcome
than the 142 patients with a lower TMTV (PFS: hazard ratio
[HR], 2.3; 95% CI, 1.5 to 3.5; P 5 .0002; Figure 2A) (OS: HR, 3.3;
95% CI, 1.8 to 6.2; P5 .0001; Figure 2B). For high vs low TMTV,
the 4-year PFS was 56% vs 82% and 4-year OS was 74% vs 92%.

High TMTV remained significantly associated with worse PFS
andOS in the lenalidomide arm (PFS: HR, 3.2; 95%CI, 1.5 to 6.6;
P5 .0009 for PFS; OS: HR, 3.0; 95% CI, 1.3 to 6.9; P5 .005) and

the placebo arm (PFS: HR, 1.8; 95% CI, 1.0 to 3.2; P5 .039; OS:
HR, 3.8; 95% CI, 1.4 to 9.9; P 5 .004; Figure 2C-F).

Hans score and BCL2 and MYC
Analysis of outcomes per Hans criteria23 did not show any sig-
nificant impact for GCB (n5 91) and non-GCB (n5 101) patients

Censored 2 risk factors

0 risk factors

1 risk factor

Patients at risk

2 risk factors

0 risk factors

1 risk factor

123 115 114 108 96 81 61 45 33 20 12 4 0

142 126 110 102 87 72 60 46 35 26 12 5 1 0

33 28 19 18 15 11 9 7 5 1 1 1 0

Su
rv

iva
l p

ro
ba

bi
lit

y

PFS (months)

0.0

0.2

0.4

0.6

0.8

1.0

0 6 12 18 24 30 36 42 48 54 60 66 72 78

PFS according to ECOG PS and TMTV (Cutoff > 220) at Randomization
With Number of Subjects at Risk and 95% Confidence Interval

A

Censored

2 risk factors

0 risk factors

1 risk factor

Patients at risk

2 risk factors

0 risk factors

1 risk factor

123 119 119 118 114 106 99 85 67 45 34 23 16 7

142 137 127 123 116 110 92 82 67 52 40 33 17 7

33 31 27 26 22 20 17 15 12 9 7 3 3 1

Su
rv

iva
l p

ro
ba

bi
lit

y

OS (months)

0.0

0.2

0.4

0.6

0.8

1.0

0 6 12 18 24 30 36 42 48 54 60 66 72 78

OS according to ECOG PS and TMTV (Cutoff > 220) at Randomization
With Number of Subjects at Risk and 95% Confidence Interval

B

Figure 3. PFS and OS according to ECOG PS and TMTV at
randomization. (A) PFS for all patients. (B) OS for all patients.

Table 4. Model performance for PFS and OS

Label

PFS OS

IPI TMTV 1 ECOG IPI TMTV 1 ECOG

NRI (6SE) Ref 10.26 (60.11) Ref 10.37 (60.14)

NRIe Ref 242% Ref 230%

NRIne Ref 167% Ref 167%

NRIe, event NRI; NRIne, nonevent NRI; Ref, reference; SE, standard error.
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on PFS (P 5 .82) or OS (P 5 .30). A significant impact of BCL2
expression on PFS (HR, 3.8; P5 .0496) was found only with a 70%
threshold. Patients with BCL2 $70% (n 5 76) had a 4-year
PFS of 58% vs 89% for patients with BCL2 ,70% (n 5 18)
(P 5 .0496). No significant impact for OS was observed (P 5 .07).
MYC overexpression did not impact outcomes irrespective of
the positivity threshold of ,70% vs $70% (P 5 .73 for PFS and
P 5 .50 for OS) or ,40% vs $40% (P 5 .99 for PFS and P 5 .98
for OS).

Baseline TMTV combined with clinical and
biological parameters
In univariate analysis, Ann Arbor stage, LDH level, b2 micro-
globulin, time to treatment, and albumin were not associated
with either PFS or OS. Among the IPI components, only ECOG
PS $2 was significantly associated with both inferior PFS (HR,
2.3; 95% CI, 1.4 to 3.7) and OS (HR, 2.5; 95% CI, 1.4 to 4.4)
(Tables 2 and 3). IPI score 3 to 5 was significantly associated
with both inferior PFS (HR, 1.8; 95% CI, 1.1 to 3.1) and OS (HR,
2.9; 95%CI, 1.3 to 6.4). High-intermediate and highNCCN-IPI were
significantly associated with inferior OS (HR, 3.3; 95% CI, 1.3 to 8.3
and HR, 2.3; 95% CI, 1.1 to 4.9, respectively), but not PFS.

A significant impact of treatment arm on PFS, but not OS, was
observed as published for the entire trial (Tables 2 and 3). The
4-year PFS was 76% for patients treated with lenalidomide
compared with 61% for patients receiving placebo (HR, 0.6;
95% CI, 0.4 to 0.9).

In patients with BCL2$70%, a significant impact of TMTV on PFS
(P 5 .0189) and OS (P 5 .0096) was observed. The 4-year PFS
was 73% for patients with TMTV #220 compared with 35%
for patients with TMTV .220. The 4-year OS was 85% for
patients with TMTV #220 compared with 61% for patients with
TMTV .220.

In multivariate analysis, 3 factors were independently associated
with worse PFS: TMTV .220 (HR, 2.1), placebo maintenance
(HR, 1.5), and ECOG PS $2 (HR, 2.0) (Table 2). There was no
evidence of interaction between variables associated with PFS.
Only 2 factors were independently associated with worse OS:
TMTV .220 (HR, 3.1) and ECOG (HR, 2.2) (Table 3).

Combination of baseline TMTV and ECOG PS
A significant impact of combined variables (TMTV and/or
ECOG PS [2 groups]) was observed on PFS and OS. Survival
was better for patients with no risk factors (TMTV #220 and
ECOG ,2). The 4-year PFS was 82% for these patients com-
pared with 63% for patients with 1 risk factor (either TMTV
.220 or ECOG $ 2) and 41% for patients with 2 risk factors
(TMTV .220 and ECOG $2) (Figure 3A). The 4-year OS was
94% for patients with no risk factors compared with 79% for
patients with 1 risk factor and 59% for patients with 2 risk factors
(Figure 3B). When comparing the combined TMTV 1 ECOG
variable to the IPI score, the combined variable displayed
higher model performances as assessed by positive NRI
(Table 4).

Discussion
The current study reports the strong and significant prognostic
value of baseline TMTV in DLBCL patients in CR or PR after

R-CHOP. High baseline TMTV identifies a subset of approxi-
mately half of the patients with a 20-point reduction in 4-year PFS
and OS. This impact was maintained irrespective of the main-
tenance arm (lenalidomide or placebo). In multivariate analy-
sis, only TMTV and ECOG PS were independent predictors
of PFS and OS. Interestingly, ECOG PS was the only parame-
ter among the 5 IPI factors to maintain its prognostic value in
this model.

We already knew that quantifying the tumoral volume rather
than the single largest diameter of the bulk mass gave a more
relevant estimation of tumor burden. PET studies across
a range of lymphomas suggested that quantifying baseline
TMTV more accurately quantifies tumor burden for determining
prognosis.25,27,28 In 2 retrospective DLBCL series, a median
TMTV of ;320 cm3 was reported using the 41% threshold
method.12,29 Patient populations could be stratified by TMTV,
with anOS risk increasing with each TMTV distribution quartile.29

The optimal TMTV cutoff, separating high- from low-risk
patients, was 300 cm3. Patients with a large baseline meta-
bolic volume (.300 cm3) had significantly worse 5-year PFS
and OS than those with a volume#300 cm3.30 In a prospective
study of 167 young patients (,60 years) with an aaIPI score of 2
or 3 who received either R/CHOP14 or R/ACVBP, the median
TMTV was 380 cm3. A 7% increase in the risk of events for each
100-cm3 TMTV increase was observed, and TMTV .660 cm3

was the strongest predictor of inferior PFS and OS.15 In
R-CHOP-responding patients from REMARC, the median
TMTV was lower than that in previous series, with a 220 cm3

cutoff separating high- from low-risk patients. This analysis
included only patients with available baseline PET/CT who
responded to R-CHOP, which explains the low median TMTV
the lower cutoff as well as the lower sensitivity and specificity
achieved compared with other DLBCL studies performed
in higher risk population; however, these findings are in
agreement with the observation that elderly patient prognosis
is impacted by small levels of tumor volume.11 Therefore, as
already documented, a lower tumor burden value is likely
enough to discriminate elderly patient prognosis.12 A similar
cutoff was recently reported from a retrospective study that
included mainly elderly DLBCL patients.14 As documented by
general consensus, the median TMTV values found in REMARC
were dependent on the 41% maximum standardized uptake
value thresholding method used for TMTV measurement.31

and of the inclusion, as in previous studies from our group, of
the volume of intense diffuse spleen uptake. In this study, we
verified that excluding spleen volume does not change the
TMTV predictive value. However, irrespective of methodology,
the role of TMTV as a prognostic factor has been demonstrated
in DLBCL and several lymphoma subtypes. As a result, rep-
resentatives from research groups active in the field have
launched an initiative to align methods within an accept-
able prespecified range worldwide, with the goal of making
TMTV measurement possible and consistent in routine clinical
practice.31

All previous studies have shown the prognostic impact of
TMTV in DLBCL patient series, including those who pro-
gressed or did not respond to treatment. In the present study,
only patients responding to first-line R-CHOP were included.
The observation of a significant role of TMTV to predict PFS
and OS in this setting emphasizes the strength of TMTV as
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a prognostic biomarker for early identification of high-risk
DLBCL patients.

TMTV has potential to refine COO risk assignment in DLBCL.
Both patients with GCB genotype and high tumor volume, and
patients with ABC disease with a small TMTV had a 5-year PFS of
;50%.12,13 In the REMARC study, we did not observe any impact
from the tumor’s COO, and TMTV maintained its prognostic
value irrespective of GCB/ABC genotype. Although BCL2 ex-
pression was predictive of PFS, as already reported in elderly
DLBCL patients, only TMTV remained significantly prognostic in
multivariate analysis.

ECOG PS is one of 5 IPI factors developed in the 1990s and is the
most commonly used variable for predicting DLBCL survival.32

Other than ECOG PS, factors of age, serum LDH, stage, and
number of extranodal sites help identify 4 IPI risk groups. In the
postrituximab era, the revised IPI confirms the prognostic sig-
nificance of IPI. Baseline TMTV allows for accurate quantification
of tumor burden for determining prognosis. Interestingly,
combining both ECOG PS and TMTV variables was able to more
precisely define patient prognosis in the REMARC study. This
may be important in an era where new possibilities for multiple
“druggable” targets are possible, although to date, none of the
novel drugs combined with R-CHOP have demonstrated a sig-
nificant impact in terms of improved outcome. This may be due
to the difficulty in selecting patients truly in need of new
strategies. One way to improve this could be to refine the se-
lection criteria based on other parameters extracted from
functional imaging such as the spread of the lesions33 and
evaluation of performance status. Since baseline PET was not
mandatory in the REMARC study, one limit of our study is that
only 50% of patients having available baseline PET are in-
cluded in this analysis. A validation of this model is therefore
needed and ongoing in a large series of DLBCL patients in-
cluded in other published prospective phase 3 clinical trials
and in real life.

In conclusion, TMTV measured on baseline PET/CT is a strong
prognosticator of survival outcomes in DLBCL, even in patients
who responded after R-CHOP. High TMTV at baseline was
significantly associated with inferior PFS and OS in patients
receiving either lenalidomide maintenance or placebo.
Baseline TMTV combined with ECOG PS could improve risk
stratification for patients who respond to R-CHOP induction,
meeting an unmet need for early and better identification of
ultra-risk DLBCL patients.
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