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Key Points

• A new TMTV/ECOG-
PS prognostic score
was validated in 2174
patients of all ages with
DLBCL treated in
clinical trials and real-
world series.

• The combined TMTV
and ECOG-PS
prognostic score
allows identification of
patients with high-risk
DLBCL before first-line
treatment.
Aggressive large B-cell lymphoma (LBCL) has variable outcomes. Current prognostic tools

use factors for risk stratification that inadequately identify patients at high risk of

refractory disease or relapse before initial treatment. A model associating 2 risk factors,

total metabolic tumor volume (TMTV) >220 cm3 (determined by fluorine-18

fluorodeoxyglucose positron emission tomography coupled with computed tomography)

and performance status (PS) ≥2, identified as prognostic in 301 older patients in the

REMARC trial (#NCT01122472), was validated in 2174 patients of all ages treated in 2 clinical

trials, PETAL (Positron Emission Tomography-Guided Therapy of Aggressive Non-Hodgkin

Lymphomas; N = 510) and GOYA (N = 1315), and in real-world clinics (N = 349) across

Europe and the United States. Three risk categories, low (no factors), intermediate (1 risk

factor), and high (2 risk factors), significantly discriminated outcome in most of the series.

Patients with 2 risk factors had worse outcomes than patients with no risk factors in the

PETAL, GOYA, and real-world series. Patients with intermediate risk also had significantly

worse outcomes than patients with no risk factors. The TMTV/Eastern Cooperative Oncology

Group-PS combination outperformed the International Prognostic Index with a positive

C-index for progression-free survival and overall survival in most series. The combination

of high TMTV > 220 cm3 and ECOG-PS ≥ 2 is a simple clinical model to identify aggressive

LBCL risk categories before treatment. This combination addresses the unmet need to

better predict before treatment initiation for aggressive LBCL the patients likely to benefit

the most or not at all from therapy.
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Introduction

Aggressive large B-cell lymphoma (LBCL) is the most common
subtype of non-Hodgkin lymphoma in adults, accounting for 30%
to 40% of cases.1 The heterogeneity of this disease has been
recognized at the clinical, pathological,2,3 and molecular levels,4-10

leading to the identification of subtypes with different prognoses.1

The aim of the initial therapy administered to patients with diffuse
LBCL (DLBCL) is cure. Despite the complex heterogeneity of
aggressive LBCL, rituximab plus cyclophosphamide, doxorubicin,
vincristine, and prednisone (R-CHOP) has remained the standard
therapy in previously untreated DLBCL for >15 years, achieving a
cure in 60% of patients.11 However, relapsing and refractory
patients are reported in a large proportion of these patients,
including 10% to 15% with primary refractory disease within 3
months after treatment and another 20% to 35% who relapse after
initial efficacy.12,13

For the past 3 decades, tremendous efforts have been made to
develop accessible and reproducible tools to identify relapsing and
refractory patients early in the therapeutic management process.
Developed in the early 1990s, the International Prognostic Index
(IPI), is still widely used today. Validated in a cohort of 2031
patients of all ages, it incorporates 5 clinical parameters: age,
serum lactate dehydrogenase (LDH) level, Eastern Cooperative
Oncology Group performance status (ECOG-PS), disease stage,
and number of extranodal sites.14 The same clinical predictors
were subsequently validated in the rituximab era (in the revised IPI
[R-IPI]) in a real-world (RW) series of 365 patients.15 More granular
information about each of these 5 variables was included in the
recent National Comprehensive Cancer Network IPI (NCCN-IPI) by
analyzing outcomes from 1650 patients and validating the out-
comes from 1138 patients.16 The NCCN-IPI discriminates low- and
high-risk subgroups (5-year overall survival [OS], 96% vs 33%,
respectively) more effectively than the IPI (5-year OS, 90% vs 54%,
respectively). However, these different IPI prognostic indices do
not fully identify the relapsing and refractory patients. Attempts
based on tumor biology are promising but not widely used.

Fluorine-18 fluorodeoxyglucose positron emission tomography
coupled with computed tomography (PET-CT) is a highly precise
functional imaging technique based on glucose avidity, which is
recognized to be the most sensitive imaging modality for staging
DLBCL.17-21 The routine implementation of this technique has
improved the prognostic value of the IPI and R-IPI.22,23 More
recently, PET-CT studies have suggested that the baseline total
metabolic tumor volume (TMTV), that is, the sum of the metabolic
volume of all lesions, is an accurate quantification of tumor burden
and a strong prognostic indicator of outcome in DLBCL and
several lymphoma subtypes.24-29 Compared with molecular het-
erogeneity, TMTV improves the risk stratification in DLBCL.28-30

TMTV measures tumor burden and partially replaces several IPI
parameters that are surrogates of the tumor burden (LDH, stage,
and extranodal site).

We recently reported results of a study in 301 older patients with
aggressive LBCL responding to first-line R-CHOP in the phase 3
REMARC study, showing the strong prognostic value of the com-
bination of baseline high TMTV (>220 cm3) and worse ECOG-PS
(≥2), to identify, before receiving treatment, the refractory/relapsed
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population aged 60 to 80 years, that was not identified by IPI or
NCCN-IPI (supplemental Figure 1).29 This new score derives from
the IPI by combining TMTV and another parameter of the IPI, that
is, the ECOG-PS characterizing the patient status. Extending the
strong prognostic impact of this simple combination to other risk
categories of patients with DLBCL would render it a broadly
applicable, important new tool for detecting refractory/relapsed
patients, before the initiation of first-line treatment, thereby
allowing treating physicians to offer their patients innovative
therapeutic strategies.

We applied this combined TMTV and ECOG-PS score to a large
adult patient population with aggressive LBCL covering all age
groups, including 2174 patients with DLBCL identified from mul-
tiple international cohorts, to cover the most common clinical set-
tings since the introduction of PET in lymphoma management.
Patients from 2 large prospective randomized trials (with one trial
including a PET response to treatment-guided strategy) as well as
an RW series of patients (who were not treated in clinical trials),
were analyzed using the combined TMTV and ECOG-PS score
determined using the REMARC study.29 This validation approach
allowed the inclusion of patients with variable response to standard
first-line treatment and without selection bias. The goal of the study
was to validate the prognostic factor model for its broad application
in aggressive LBCL.

Methods

Study design and data collection

Clinical data were collected from 2174 patients with aggressive
LBCL treated in 2 randomized clinical trials in Europe and the
United States, GOYA (N = 1315) and PETAL (Positron Emission
Tomography-Guided Therapy of Aggressive Non-Hodgkin Lym-
phomas; N = 510), and patients treated in RW (N = 349) clinics
across multiple European centers (supplemental Table 1 provides
a brief description). The study database included data to assess
progression-free survival (PFS), OS, and the dichotomized
parameters that contribute to the IPI. Associations of TMTV
and ECOG-PS at baseline were explored according to the IPI and
survival outcomes. Patients participating in the 2 clinical trials and
patients receiving treatment in RW clinics provided written
informed consent for use of their data, and all contributing studies
were approved by the institutional review boards.

Baseline TMTV

Anonymized baseline PET-CT images were collected. TMTV mea-
surements were performed by experienced nuclear medicine phy-
sicians (L.V., A.-S.C., M.M., U.D., C.S., S.F.B., I.P.-C., L.K.) blinded
to patient outcomes.

TMTV was computed using either the 41% maximum standardized
uptake value (SUVmax) threshold method, as published for various
lymphoma subtypes,25,26,28,29,31-33 or with a systematic subtraction
of the SUVmax of the liver multiplied by 1.5 (GOYA study).30

Semiautomated software was used, including Hermes24 and
Beth Israel Fiji20 (www.petctviewer.org) for the RW series (as
used in the REMARC study),29 Medical Image Merge for the
GOYA trial,30 and Accurate (https://petralymphoma.org) for the
PETAL trial.27 The TMTV in the GOYA trial was computed using a
method that differed from the 41% SUVmax threshold method
13 DECEMBER 2022 • VOLUME 6, NUMBER 23
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used in the PETAL trial, RW series, and REMARC study. To ensure
the consistency of the results between the series despite different
initial TMTV measurements, the distribution of TMTV values of
GOYA was realigned on the TMTV REMARC distribution using the
combating batch effect method34 (described in the supplemental
Data for calibration methodology).

Statistical analysis

PFS was defined according to the revised response criteria for
malignant lymphomas.21 Survival functions were calculated by
Kaplan-Meier estimates, and confidence intervals were calculated
using Greenwood approximation.35 The Cox proportional hazards
model was used for the estimation of hazard ratio and its confi-
dence interval, using the low-risk group as the reference.

The combination of high TMTV (>220 cm3) and worse ECOG-PS
(≥2) was previously defined in a training set from the REMARC
study.29 Patients from GOYA, PETAL, and RW constituted the
validation set of the initial REMARC training population. The
discriminatory power of the TMTV/ECOG-PS model was
compared with that of the IPI using net reclassification improve-
ment (NRI)36 and C-index calculations. The category-free NRI and
the 3-category index (NRI0.2,0.4) with a cutoff at 0.20 and 0.40
defining low-, medium-, and high-risk categories were calculated to
ensure the robustness of conclusion. A P value of ≤.05 was
considered statistically significant. Statistical analyses were per-
formed using SAS version 9.3 and R version 3.6.2.

Results

Characterization of the GOYA, PETAL, and RW series

Clinical characteristics of the 2174 patients included in PETAL
(N = 510), GOYA (N = 1315), and the RW series (N = 349) are
summarized in Table 1. More than half of the patients were clas-
sified as IPI 0 to 2 (55%) and age-adjusted IPI (aaIPI) 0 to 1 (52%)
and had TMTV >220 cm3 (55%). The 3 cohorts differed in median
follow-up duration, selected clinical characteristics, and tumor
burden. Percentages of patients aged ≥60 years, ECOG-PS ≥2,
elevated LDH level, aaIPI 2 to 3, and IPI 3 to 5 were higher in the
RW series than in the PETAL and GOYA trials. In GOYA, median
TMTV and percentage of patients with TMTV >220 cm3 were
higher than in the PETAL and RW series. The percentage of
patients with TMTV ≤220 cm3 and ECOG-PS <2 (no factors) was
lower, and the percentage of patients with only 1 risk factor (either
TMTV >220 cm3 or ECOG-PS ≥2) was higher in the GOYA
cohort than in the PETAL and RW cohorts. The 2 risk factors
(TMTV >220 cm3 and ECOG-PS ≥2) were reported in a higher
proportion of the RW series than in the GOYA or PETAL series.
Differences were also seen in terms of clinical outcomes; the rate
of PFS events was higher in the RW series (41.8%) than in the
PETAL and GOYA trials (30.2% and 31.4%, respectively), as was
the rate of OS events (35.8% vs 21.2% and 20.1%, respectively).

Prognostic value of ECOG-PS, TMTV, and IPI

ECOG-PS, TMTV, and IPI were prognostic in all 3 series. The
factors ECOG-PS ≥2, TMTV >220 cm3, and IPI 3 to 5 discrimi-
nated subgroups of patients with significantly different prognoses
for PFS and OS, as reported in Tables 2 and 3. This was confirmed
in the analysis of the hazard ratio of ECOG-PS 0 to 1 vs ECOG-PS
13 DECEMBER 2022 • VOLUME 6, NUMBER 23
≥2, TMTV >220 cm3 vs TMTV ≤220 cm3, and IPI 3 to 5 vs IPI 0 to
2 (Tables 2 and 3).

Combined TMTV/ECOG-PS and IPI

The TMTV/ECOG-PS score stratifies patients in all studies into 3
different risk groups. Four-year PFS and OS decreased (Figure 1A;
Tables 2 and 3) from the low-risk group with no risk factors (TMTV
≤220 cm3, ECOG-PS <2) to the intermediate-risk group with 1
adverse factor (TMTV >220 cm3 or ECOG-PS ≥2). The lowest
PFS and OS were observed in the high-risk group with 2 risk
factors (TMTV >220 cm3 and ECOG-PS ≥2). We performed a
comparison between the classification of patients in the high-risk
category using the TMTV/ECOG-PS score or the IPI score (IPI
3-5). Kaplan-Meier survival curves considering risk groups (IPI 0-1,
IPI 2, IPI 3, and IPI 4-5) based on the IPI are shown in supplemental
Figure 2. In the PETAL, GOYA, and RW series, 47 of 510 (9%),
130 of 1315 (10%), and 62 of 349 (18%) patients, respectively,
were identified as high risk, according to the combined TMTV/
ECOG-PS, vs 195 of 510 (38.3%), 579 of 1315 (44%), and
207 of 349 (59.3%) patients with an IPI score of 3 to 5. The
combined TMTV/ECOG-PS allowed better identification of
patients with shorter PFS and OS than did the IPI (Figure 1B;
Table 3). The combined TMTV/ECOG-PS model displayed higher
model performance than IPI in most of the series, showing (1) a
higher C-index for both PFS and OS observed in the RW and
PETAL series (Table 4); and (2) a higher category-free NRI index
for PFS, mainly owing to NRIne (from +48.1% to +56.5% in PETAL,
from −7.0% to +12.3% in GOYA, and from +25.0% to +60.0% in
RW series), suggesting that the TMTV/ECOG-PS score improves
prediction for nonevents. The same trend was observed in the
PETAL trial for OS with a NRIne from +43.1% to +55.0% but not in
GOYA where higher NRI is mainly owing to NRIe (from +8.9%
to +20.3%). No trend either in favor of NRIne or in favor of NRIe was
observed in the RW series for OS (Table 4). The same conclusion
was observed with the 3-category index (data not shown).

Stratification by age <60 vs ≥60 years

We further examined the performance of the predictive value of the
combined TMTV/ECOG-PS model in subgroups of patients using
the age threshold of 60 years. Patient characteristics in these
subgroups are described in supplemental Table 2. The percentage
of patients with 2 risk factors (TMTV >220 cm3 and ECOG-PS ≥2)
was higher in the RW series than in the PETAL and GOYA trials for
patients aged <60 years and for patients aged ≥60 years. PFS and
OS are displayed for patients according to the 60-year age
threshold in supplemental Figures 3 and 4. In all 3 studies, the
combined TMTV/ECOG-PS displayed high model performance,
except for patients aged <60 years in the GOYA study (Table 4).

Discussion

This study validates in 2174 patients with aggressive LBCL across
multiple international cohorts, the prognostic impact of the com-
bination of the metabolic tumor volume from baseline PET-CT
scans and a simple, routine clinical evaluation, ECOG-PS, which
was first described in 301 older patients with aggressive LBCL
who presented with a chemosensitive lymphoma to first-line treat-
ment.29 Our validation cohort was derived from 2 large global
prospective randomized clinical trials (one of which was a
TUMOR VOLUME: PERFORMANCE STATUS MODEL FOR DLBCL 5997



Table 1. Clinical characteristics of patients included in the 3 clinical series used to validate the TMTV/ECOG-PS model

Characteristics PETAL (N = 510) GOYA (N = 1315) RW series (N = 349)

Median age, y, n (range) 62 (18-80) 62 (18-86) 66 (17-92)

Age ≥60 y, n (%) 280 (54.9) 758 (57.6) 255 (73.1)

Sex

Male, n (%) 279 (54.7) 698 (53.1) 169 (48.4)

Female, n (%) 231 (45.3) 617 (46.9) 180 (51.6)

Histology

DLBCL not otherwise specified, n (%) 479 (93.9) 1186 (90.2) 186 (92.1)

FL grade 3B, n (%) 14 (2.7) 0 (0) 0 (0)

De novo transformed, n (%) 17 (3.3) 0 (0) 10 (5.0)

Other, n (%) 0 (0) 129 (9.8) 6 (3.0)

Missing, n 0 0 147

ECOG-PS

0–1, n (%) 451 (89.1) 1152 (87.6) 259 (74.2)

≥2, n (%) 55 (10.9) 163 (12.4) 90 (25.8)

Missing, n 4 0 0

Ann Arbor stage

I-II, n (%) 214 (42.0) 314 (23.9) 93 (26.7)

III-IV, n (%) 295 (58.0) 1001 (76.1) 256 (73.3)

Missing, n 1 0 0

Extranodal sites

<2, n (%) 350 (68.8) 854 (64.9) 210 (62.3)

>2, n (%) 159 (31.2) 461 (35.1) 127 (37.7)

Missing, n 1 0 12

Elevated LDH (>upper limit of normal)

No, n (%) 222 (43.6) 558 (42.6) 130 (37.4)

Yes, n (%) 287 (56.4) 753 (57.4) 218 (62.6)

Missing, n (%) 1 4 1

Age-adjusted IPI

0-1, n (%) 290 (57.1) 686 (52.2) 146 (41.8)

2-3, n (%) 218 (42.9) 629 (47.8) 203 (58.2)

Missing, n 2 0 0

IPI

0-2, n (%) 314 (61.7) 736 (56.0) 142 (40.7)

3-5, n (%) 195 (38.3) 579 (44.0) 207 (59.3)

Missing, n 1 0 0

Treatment

R-CHOP, n (%) 486 (95.3) 654 (49.7)

G-CHOP, n (%) — 661 (50.3) 349 (100)

Intensified CHOP/CHOP, n (%) 24 (4.7) — —

TMTV (cm
3)

Median, n (range) 177 (1-8896) 269 (2-8113) 188 (0-3764)

TMTV >220 cm3, n (%) 231 (45.3) 725 (55.1) 157 (45.0)

Number of patients (%) presented unless otherwise specified.
G-CHOP, obinutuzumab CHOP.
*Risk factors are TMTV >220 cm3 and ECOG-PS ≥2.
PET-guided trial) and a RW series of patients treated across
multiple European centers. This combination of simple, accessible,
and highly reproducible imaging and clinical parameters allows us
to identify before treatment the patients at the lowest risk and those
5998 THIEBLEMONT et al
who are at high risk of treatment failure and death before receiving
the first dose of first-line standard or intensified immunochemo-
therapy. This novel TMTV/ECOG-PS tool enabled the prediction of
patients likely or unlikely to benefit from the treatment. The small
13 DECEMBER 2022 • VOLUME 6, NUMBER 23



Table 1 (continued)

Characteristics PETAL (N = 510) GOYA (N = 1315) RW series (N = 349)

Combined TMTV and ECOG-PS risk factors*

0 factor, n (%) 270 (53.0) 553 (42.1) 164 (47.0)

1 factor, n (%) 192 (37.7) 636 (48.4) 123 (35.2)

2 factors, n (%) 47 (9.2) 126 (9.6) 62 (17.8)

Missing, n 1

Median follow-up, mo 54.7 47.1 76.5

Number of patients (%) presented unless otherwise specified.
G-CHOP, obinutuzumab CHOP.
*Risk factors are TMTV >220 cm3 and ECOG-PS ≥2.
high-risk set of patients identified by the TMTV/ECOG-PS tool
represents in our study ~10% to 20% of patients with aggressive
LBCL. This is in the order of magnitude of the percentage of
patients with poor prognosis, including patients with a lymphoma
refractory to R-CHOP11,12 or patients who initially responded to
R-CHOP but who subsequently relapsed.29

In the 27 years since the publication of the IPI, this index has been
refined numerous times to account for the evolving treatment
landscape, including the widely implemented R-IPI and the recent
NCCN-IPI.37 These indices use standard clinical and laboratory
factors to predict outcome. Other clinical factors, such as tumor
size, have also been correlated with outcome; however, the defi-
nition of “bulky disease” varies among studies, ranging from 5 to
10 cm.38 In our study, baseline tumor burden was assessed using
TMTV by different investigators, methods, and software across
Europe and North America,39 within large and heterogeneous
patient populations. Importantly, we confirmed that measurement
of TMTV is feasible in this setting and is prognostic of outcome
irrespective of the method used, including free online or commer-
cialized software, thus representing a widely accessible tool. TMTV
more accurately quantifies tumor burden for determining prognosis
than the diameter of the largest lesion. It has been shown in
DLBCL that there is a continuous increase of risk for PFS and OS
with increasing TMTV. In the GOYA study, the number of events
increased with TMTV quartiles.30 For this reason, our threshold of
220 cm3 could be applied successfully in the GOYA study despite
differences in TMTV measurement. Furthermore, the results of the
combating match effect method, which calibrates TMTV mea-
surements to a given reference, the TMTV GOYA calibrated
measures, confirms the validity of this cutoff. In this analysis, the
distribution of the TMTV values in the REMARC study was used
as a reference. After this transformation, the 2 distributions can
be safely compared despite the different methods of TMTV
measurement. We have demonstrated that the TMTV threshold of
220 cm3 combined with ECOG-PS is a sensitive tool to detect not
only the high-risk groups among responders to R-CHOP who were
included in the REMARC study but also these high-risk groups in a
large population of patients with different levels of risk. This was
true in the clinical settings of both experimental clinical trials with
selected patients and in the RW sample. Interestingly, the clinical
characteristics of the cohorts of patients among these 3 series
were not identical, with more patients with ECOG-PS 0 to 1 in the
PETAL and GOYA series than in the RW series, and a lower
percentage of patients with disseminated disease, elevated
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disease, and IPI 4 to 5 in the PETAL series than in the GOYA and
RW series. However, the discrimination based on the TMTV/
ECOG-PS score was maintained.

We also validated the tool in subsets of patients using the 60-year
age threshold. This stratification has been used historically, notably
with the specific aaIPI developed for patients aged <60 years. The
aaIPI is routinely used in clinical practice and trials in which more
intensive experimental approaches are tested in younger patients.
In both age-based subgroups, the combination TMTV/ECOG-PS
was more powerful for predicting high-risk patients than the IPI,
highlighting the robustness of the TMTV/ECOG-PS combination,
and could be used to further refine available prognostic factor
models for aggressive LBCL.

In this validation analysis, we identified those patients with low,
intermediate, and high risk of poor outcome based on a single
imaging and a single clinical estimate before treatment initiation,
reflecting the ease and feasibility of its implementation in the
routine clinical setting. These parameters represent only a small
aspect of the heterogeneity that exists in aggressive LBCL, such as
the spread of the lesions measured by distance between lesions,
as previously reported.40 Furthermore, estimation of tumor burden
based on circulating tumor DNA (ctDNA) is emerging as a non-
imaging biomarker in B-cell lymphoma to capture and monitor
refractory disease. Pretreatment ctDNA levels have been shown to
reflect tumor burden and to predict treatment outcomes.41

Together, radiomics, of which TMTV is the main feature on which
most of the other features depend, clinical parameters, lymphoma
biology, ctDNA, genomics, and minimal residual disease are likely
to play an increasingly prominent role in selecting patients for
specific therapies in future investigations and to refine the current
index to achieve a risk-tailored therapy.42 To exploit and translate
these results into clinical practice, we need to continue moving
toward standardization of these tools. This study with data from
prospective trials and RW scenarios contributes to this standard-
ization. The goal of treatment would then be anticipatory; patients
at low risk may be treated with conventional approaches, unless an
appropriate clinical trial is available. This will avoid exposing them to
unnecessary treatment. Within intermediate- and high-risk groups,
patients will be encouraged to enroll in studies exploring the effi-
cacy of novel regimens directed at specific targets suggested by
genetic and molecular subtyping, with some specific agents
already available (eg, tazemetostat, Bruton tyrosine kinase inhibi-
tors, venetoclax, upfront chimeric antigen receptor T cells, or bis-
pecific T-cell engager antibodies).42
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Table 2. Impact of TMTV, ECOG-PS, IPI, and combined TMTV/ECOG-PS for survival (PFS and OS) in the PETAL, GOYA, and RW series

Variables and index

PETAL, HR (95% CI), P value GOYA, HR (95% CI), P value RW, HR (95% CI), P value

PFS OS PFS OS PFS OS

ECOG-PS ≥2 1.94 (1.30-3.00), .006 2.46 (1.50-4.00), <.001 1.75 (1.37-2.22), <.001 1.95 (1.47-259), <0.001 2.18 (1.50-3.10), <.001 2.61 (1.80-3.80), <.001

TMTV >220 cm3 2.88 (2.10-4.00), <.001 2.69 (1.80-4.00), <.001 1.75 (1.43-2.14), <.001 1.84 (1.42-2.38), <.001 2.73 (1.90-3.80), <.001 2.80 (1.90-4.10), <.001

IPI 3-5 2.33 (1.70-3.20), <.001 2.41 (1.70-3.50), <.001 1.81 (1.50-2.2), <.001 2.1 (1.70-2.60), <.001 2.42 (1.70-3.50), <.001 3.23 (2.10-5.00), <.001

Combined TMTV/ECOG-PS*

1 risk factor 2.92 (2.00-4.20), <.001 2.71 (1.80-4.20), <.001 1.47 (1.18-1.82), .00493 1.46 (1.11-1.92), .00683 2.37 (1.60-3.50), <.001 2.24 (1.40-3.50), <.001

2 risk factors 3.32 (2.00-5.50), <.001 3.85 (2.20-6.80), <.001 2.85 (2.11-3.84), <.001 3.35 (2.34-4.78), <.001 3.85 (2.50-5.90), <.001 4.61 (2.90-7.30), <.001

CI, confidence interval; HR, hazard ratio.
*Risk factors are TMTV >220 cm3 and ECOG-PS ≥2.

Table 3. Four-year PFS and OS according to prognostic scoring systems in the PETAL, GOYA, and RW series

Scores

PETAL GOYA RW

4-y PFS, % (95% CI) 4-y OS, % (95% CI) 4-y PFS, % (95% CI) 4-y OS, % (95% CI) 4-y PFS, % (95% CI) 4-y OS, % (95% CI)

TMTV/ECOG-PS high risk* 54 (39-67) 61 (45-73) 49 (40-59) 61 (52-70) 36 (24-48) 41 (28-53)

IPI 3-5 59 (52-66) 70 (63-76) 58 (54-62) 72 (69-76) 55 (48-62) 59 (52-65)

TMTV/ECOG-PS intermediate risk† 57 (50-64) 72 (65-79) 65 (61-69) 80 (76-83) 57 (47-65) 64 (54-72)

IPI 0-2 79 (73-83) 86 (82-90) 73 (70-76) 85 (83-88) 75 (67-81) 84 (77-89)

TMTV/ECOG-PS low risk 84 (79-88) 90 (85-93) 73 (69-77) 85 (82-89) 78 (71-83) 84 (77-89)

*Two risk factors, ECOG-PS ≥2 and TMTV >220 cm3.
†One risk factor, ECOG-PS ≥2 and TMTV ≤220 cm3 or ECOG-PS <2 and TMTV >220 cm3.
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Figure 1. Kaplan-Meier estimates of survival (PFS and OS) according to risk groups. (A-F) Estimates are based on the risk factors TMTV >220 cm3 and ECOG-PS ≥2
in the PETAL (A,B), GOYA (C,D), and RW (E,F) series.
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Table 4. Comparison of the combined TMTV/ECOG-PS with IPI in high-risk patients

Indexes

PETAL GOYA RW

PFS OS PFS OS PFS OS

All patients (N = 2174)

NRI (±SE) +0.21 (0.09) +0.24 (0.10) +0.24 (0.07) +0.15 (0.056) 0.00 (0.10) −0.17 (0.11)

NRIe/NRIne, % −35.1/+56.5 −31.5/+55.0 −9.9/+12.3 +8.9/+6.5 −28.8/+29.1 −0.8/−16.1

C-index (difference vs IPI) 0.655 (+0.046) 0.658 (+0.039) 0.6065 (-0.0379) 0.6237 (−0.0367) 0.643 (+0.048) 0.666 (+0.043)

<60 y (n = 884)

NRI (±SE) +0.54 (0.15) +0.66 (0.19) +0.041 (0.08) +0.14 (0.06) +0.48 (0.20) +0.06 (0.23)

NRIe/NRIne, % +5.1/+48.5 +22.6/+43.1 +1.1/+3.1 +20.3/−5.9 −11.8/+60.0 +21.7/−15.5

C-index (difference vs IPI) 0.687 (+0.091) 0.695 (+ 0.096) 0.6199 (−0.0387) 0.6495 (−0.0327) 0.600 (+0.022) 0.619 (+0.008)

>60 y (n = 1293)

NRI (±SE) +0.54 (0.12) +0.55 (0.13) +0.07 (0.07) +0.13 (0.07) +0.03 (0.13) +0.01 (0.13)

NRIe/NRIne, % +6.4/+48.1 +10.5/+44.8 +14.3/−7.0 +12.3/+1.1 −22.4/+25.0 −4.4/+5.4

C-index (difference vs IPI) 0.633 (+0.030) 0.640 (+ 0.045) 0.5994 (−0.0457) 0.6074 (−0.0521) 0.654 (+0.068) 0.665 (+0.068)

NRIe, event NRI; NRIne, nonevent NRI; SE, standard error.
In conclusion, despite themarked heterogeneity of aggressive LBCL,
we have demonstrated that the combination of TMTV and ECOG-PS
is a reliable tool that may be used in complement to IPI with important
clinical implications for upfront identification of those patients with
aggressive LBCL who can feasibly be enrolled in studies exploring
the efficacy of novel regimens directed at specific targets.
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