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Baseline metabolic tumor volume (MTV) is a promising prognostic
marker in diffuse large B-cell lymphoma (DLBCL). We assessed the
prognostic value of 4 novel metabolic risk scores in a real-life DLBCL
cohort and compared them with the revised international prognostic
index (IPI). Methods: We included a consecutive series of untreated
DLBCL, not otherwise specified cases that were diagnosed in our
hospital from 2008 to 2021 with available baseline [18F]FDG PET/CT.
Clinical data were collected retrospectively, including the individual
components of the revised IPI. MTV and other radiomic features,
including lesion dissemination and tumor volume surface ratio, were
calculated. Four novel metabolic risk scores including the international
metabolic prognostic index (IMPI), theMTV/World Health Organization
performance status, the MTV/standardized maximum distance, and
clinical PET models were used to calculate the risk of progression
using predefined cutoffs. Survival outcomes considered were 3-y pro-
gression free survival (PFS), 3-y time to progression (TTP), and 3-y
overall survival (OS). The Harrell C-index was used to assess the dis-
criminative performance of the risk scores. A multivariable model was
built.Results:We included 355 DLBCL, not otherwise specified cases
with a median MTV of 219 cm3 (range, 0–5,656 cm3). The IMPI had
the highest C-index for 3-y PFS, 3-y TTP, and 3-y OS among the 4
metabolic risk scores (0.674, 0.696, and 0.677, respectively). For the
3-y TTP, the IMPI outperformed the strongest clinical risk score, the
IPI, although the difference in the Harrell C-indices was small (0.696
vs. 0.693). Regarding the 3-y PFS and 3-y OS, the IPI has the highest
C-index of all risk scores (0.696 and 0.693). The IMPI, the MTV/World
Health Organization performance status, and the IPI score can recog-
nize a poor risk group with a 3-y OS below 50% (43%, 32%, and
39%, respectively). In multivariable analysis, the IMPI remains an inde-
pendent prognostic factor (P 5 0.0089; hazard ratio, 1.207; 95% CI,
1.048–1.389). MTV and standardized maximum distance have the
strongest prognostic values when used as a continuous variable. The
tumor volume surface ratio has no significant prognostic value in our
analysis. Conclusion: The IMPI has the strongest prognostic perfor-
mance compared with the other 3 novel metabolic risk scores. How-
ever, in our real-world dataset, the IMPI could not replace the IPI, and
further prospective trials are needed to compare their performance.
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Diffuse large B-cell lymphoma (DLBCL) is the most common
lymphoid malignancy in adults, accounting for approximately
30% of all non-Hodgkin lymphomas in Western countries (1).
More than 60% of patients can be cured with upfront R-CHOP
(rituximab, cyclophosphamide, doxorubicin, vincristine, and pred-
nisone). However, up to one third of the patients will become pri-
mary refractory or experience a relapse. Despite the development
of novel treatments, including chimeric antigen receptor T-cell
therapy, these patients are difficult to treat and have a poor prognosis
(2). Recognizing high-risk patients upfront is of utmost importance
to offer novel treatments early on and potentially improve prognosis.
In contrast, recognizing low-risk patients can lead to deescalation of
therapy and reduce short- and long-term toxicity of treatment. In
1993, the international prognostic index (IPI) was developed, con-
sisting of 5 clinical factors (age, Ann Arbor stage, World Health
Organization performance status (WHO PS), serum lactate dehydro-
genase level, and extranodal involvement) (3). Since then, new treat-
ments (such as the monoclonal antibody rituximab) have been
introduced, and although the IPI remains prognostic, its ability to
predict treatment failure has diminished (4,5). A recent report
showed that the 5-y overall survival (OS) of the group with the poor-
est prognostic was still more than 50% (4). Efforts to improve on the
IPI, such as the revised IPI (R-IPI) (6) and National Comprehensive
Cancer Network IPI (7), have only made modest improvements.
[18F]FDG PET/CT–derived metabolic parameters, such as baseline

metabolic tumor volume (MTV), have shown strong prognostic value
in several lymphoma subtypes, including DLBCL (8–11). Besides
MTV, which measures the tumor burden, other radiomic features can
add additional information about the tumor characteristics. Lesion dis-
semination features, such as the maximum distance between 2 lesions
(Dmax) and the maximum distance between the bulkiest lesion and
another lesion (Dmaxbulk), measure the spread of the disease and have
been shown to be correlated with outcome (12–14). The tumor vol-
ume surface ratio (TVSR) or fragmentation index, corresponding to
the ratio of MTV divided by total tumor surface, describes the tumor
fragmentation, and a higher TVSR (which indicates a more aggre-
gated tumor) correlates with poorer prognosis in DLBCL (15).
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Recently, novel risk scores have been developed combining clin-
ical or metabolic characteristics. These include the MTV/WHO PS,
MTV/standardized Dmax (SDmax), the international metabolic

prognostic index (IMPI) (Ann Arbor stage, age, MTV), and the
clinical PET score (age, WHO PS, MTV, SUVpeak, and Dmaxbulk).
The advantage of the 2 latter risk scores is the use of MTV as a
continuous variable as opposed to using a dichotomous cutoff,
allowing for individual patient risk prediction. These 4 novel risk
scores have been developed and validated in large clinical trials of
untreated DLBCL and show a strong correlation with outcome
(12–14,16–19). However, these risk scores have not yet been vali-
dated in real-life settings, in which patients with multiple comor-
bidities and patients of all ages are included, resulting in different
outcomes compared with prospective trials.
The aim of this study is to validate the prognostic value of the 4

novel metabolic risk scores in a real-life DLBCL cohort and to
compare them with the existing IPI and R-IPI clinical risk scores.
Furthermore, we investigate the prognostic value of MTV, lesion
dissemination, and TVSR in this real-life cohort.

MATERIALS AND METHODS

A detailed description of materials and methods can be found in the
supplemental materials (supplemental materials are available at http://
jnm.snmjournals.org).

A consecutive series of untreated DLBCL, not otherwise specified
(NOS) patients diagnosed between January 1, 2008, and December 31,
2021, in our institution receiving mainly R-CHOP (rituximab, cyclo-
phosphamide, doxorubicin, vincristine, and prednisone) treatment and
who had a baseline [18F]FDG PET/CT scans were included in our
study. Image analysis of [18F]FDG PET/CT was performed using MIM
software (MIM Software Inc.). Two sets of semiautomatic delineations
were created using an SUV of at least 4.0 and an SUVmax threshold of
41%. Subsequently, lesions that were not automatically segmented but
were suspected of malignancy were manually delineated. Sites of phys-
iologic uptake or nondisease-related uptake were manually removed.
Finally, we calculated SUVmean, SUVmax, SUVpeak, MTV, total lesion
glycolysis, total tumor surface, and TVSR from the union of the result-
ing volumes of interest. Lesion dissemination features were extracted,
including Dmax, SDmax normalized by the patient’s body surface
area, and Dmaxbulk. Four novel metabolic risk scores including the
IMPI (age, stage, MTV), MTV/WHO PS, MTV/SDmax, and clinical
PET model (MTV, Dmaxbulk, SUVpeak, WHO PS, and age) were used

TABLE 1
Patient Characteristics (n 5 355)

Parameter N (%)

Median age at diagnosis (y) 69 (IQR, 58–76)

#60 y 107 (30.1)

.60 y 248 (69.9)

Sex

Female 144 (40.6)

Male 211 (59.4)

WHO PS

0 117 (33.0)

1 194 (54.7)

2 31 (8.7)

3 13 (3.7)

Number of extranodal sites

#1 243 (68.5)

.1 112 (31.6)

LDH

Normal 196 (55.5)

Elevated 157 (44.5)

Unknown 2

Ann Arbor stage

I 66 (18.6)

II 78 (22.0)

III 40 (11.3)

IV 171 (48.2)

CNS invasion at diagnosis 6 (1.7)

IPI

Low 128 (36.3)

Low–intermediate 83 (23.5)

High–intermediate 73 (20.7)

High 69 (19.6)

Unknown 2

R-IPI

Very good 35 (9.9)

Good 176 (49.7)

Poor 143 (40.4)

Unknown 1

First-line treatment

R-CHOP or R-mini-CHOP 315 (88.7)

Platinum-based 2 (0.6)

Noncurative radiotherapy 6 (1.7)

Best supportive care 16 (4.5)

Other 16 (4.5)

IQR 5 interquartile range; LDH 5 serum lactate dehydrogenase
at diagnosis; CNS 5 central nervous system.

TABLE 2
Descriptive Statistics of Conventional Metabolic,
Dissemination, and Fragmentation PET Features

Parameter Median IQR Range

SUVmax 22.2 13.6–29.6 3.4–57.9

SUVpeak 18.9 11.7–26.1 2.8–52.7

SUVmean 8.3 6.4–11.3 2.4–19.6

MTV (cm3) 219 45–651 0–5,656

TLG 1930 400–6,822 0–48,517

Dmax (cm) 23 0–50 0–128

SDmax (cm/m2) 13 0–27 0–74

Dmaxbulk (cm) 19.8 0–38.9 0–127

TTS 254 67.6–606 0–4004

TVSR 0.84 0.66–1.13 0.41–2,500

IQR 5 interquartile range; TLG 5 total lesion glycolysis; TTS 5

total tumor surface.
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to calculate the risk of progression using predefined cutoffs as previ-
ously described (12,14,16,17).

RESULTS

Patients and Characteristics
In total, 383 eligible patients with de novo DLBCL, NOS

and a baseline [18F]FDG PET/CT scan were included in this
analysis. Patients scanned with a stand-alone PET camera
(n 5 24), with missing Digital Imaging and Communications in
Medicine information (n 5 3) or treatment before [18F]FDG PET/CT
(n 5 1), were excluded, leading to a final total of 355 patients
included in this study. Main patient characteristics are summarized in
Table 1.
Of the 355 patients, 144 patients (40.6%) died during follow-up,

including 20.8% (74/355) due to lymphoma progression, 6.20% (22/
355) due to infection, 12.1% (43/355) due to other unrelated reasons,
and 1.41% (5/355) due to unknown cause. The number of events for
3-y progression-free survival (PFS), OS, and time to progression
(TTP) were 112, 90, and 65, respectively.
The outcomes for the entire cohort after 3 y
were 67.6% (95% CI, 62.4%–72.3%) for
PFS, 73.8% (95% CI, 68.8%–78.2%) for
OS, and 79.1% (95% CI, 74.1%–83.3%)
for TTP (Supplemental Fig. 2).
The descriptive statistics of the conven-

tional metabolic, dissemination, and frag-
mentation PET features are reported in
Table 2. The relationship between baseline
MTV as a continuous variable and 3-y PFS
was examined. On the basis of previous
data, we first fitted a linear spline model
with 1 knot located at the median MTV
value (16). However, a second model based
on a logarithmic transformation of MTV
provided a better model fit than did the lin-
ear spline model (Supplemental Fig. 3).
Patients without measurable disease on

[18F]FDG PET/CT (n 5 20) before the
start of any treatment (no macroscopic dis-
ease after resection of index lesion) were
considered to have an MTV of 0mL. In
all stage I patients, we found no significant

difference in outcome when compared with patients with an MTV
greater than 0 (Supplemental Table 1).

Diagnostic Performance of Metabolic Risk Scores
Table 3 summarizes the discriminative value of currently used

risk scores and novel metabolic risk scores using the Harell
C-index for all 3 outcomes considered. Using a 3-y PFS as the out-
come, the C-index of the IPI is the highest (0.696), followed by
the IMPI (0.674), the clinical PET score (0.656), and the R-IPI
(0.652). The lowest discriminative power is seen for MTV/SDmax
(0.568), followed by Ann Arbor stage (0.588) and MTV/WHO
PS (0.615). Among the 4 metabolic risk scores, the IMPI
yielded the highest C-indices for all 3 outcomes, outscoring the
clinical risk scores for 3-y TTP. We hypothesized that the risk
models would have reduced prognostic value for patients with
central nervous system invasion at diagnosis or those receiving
palliative treatment. However, removing these patients yielded
C-indices similar to those for the whole cohort (Supplemental
Table 2).

TABLE 3
Prognostic Value of Tested Clinical and Metabolic Risk Scores Using 3-Year PFS, 3-Year TTP, and 3-Year

OS as Outcomes

Risk score 3-y PFS* 3-y TTP* 3-y OS*

IPI 0.696 (0.646–0.745) 0.693 (0.628–0.758) 0.723 (0.670–0.776)

R-IPI 0.652 (0.608–0.696) 0.649 (0.592–0.706) 0.681 (0.634–0.727)

Ann Arbor stage 0.588 (0.540–0.636) 0.623 (0.564–0.681) 0.590 (0.537–0.643)

MTV/WHO PS 0.615 (0.565–0.664) 0.591 (0.527–0.655) 0.635 (0.580–0.690)

MTV/SDmax 0.568 (0.517–0.618) 0.590 (0.524–0.657) 0.573 (0.517–0.629)

IMPI 0.674 (0.625–0.723) 0.696 (0.635–0.757) 0.677 (0.623–0.732)

Clinical PET score 0.656 (0.604–0.707) 0.679 (0.613–0.746) 0.673 (0.618–0.728)

*Values are C-index and 95% CI in parentheses.

A

% PFS (95% CI)
Years low Intermediate High

1 83.2 (77.8;87.5) 67.6 (56.6;76.4) 43.1 (26.1;58.9)
2 77.4 (71.4;82.3) 62.5 (51.3;71.9) 40.0 (23.5;55.9)
3 75.4 (69.3;80.5) 56.8 (45.4;66.8) 40.0 (23.5;55.9)

% PFS (95% CI)
Years Low risk (0 RF) Intermediate risk (1 RF) High risk (2 RF)

1 82.5 (76.7;87.0) 71.2 (61.9;78.6) 38.5 (20.4;56.3)
2 76.9 (70.6;82.1) 64.9 (55.4;72.9) 38.5 (20.4;56.3)
3 74.8 (68.3;80.2) 62.0 (52.4;70.3) 33.0 (15.6;51.6)

B

C D

% PFS (95% CI)
Years Low risk (0 RF) Intermediate risk (1 RF) High risk (2 RF)

1 79.1 (72.9;84.0) 74.7 (65.4;81.8) 58.3 (40.7;72.4)
2 73.9 (67.3;79.4) 70.8 (61.2;78.4) 47.2 (30.5;62.3)
3 71.8 (65.0;77.5) 67.6 (57.8;75.6) 44.3 (27.8;59.5)

% PFS (95% CI)
Years Low Intermediate High

1 83.9 (78.0;88.3) 60.8 (50.4;69.6) 58.8 (40.6;73.2)
2 78.0 (71.5;83.2) 54.5 (44.2;63.7) 55.6 (37.4;70.4)
3 75.8 (69.1;81.2) 51.1 (40.7;60.5) 51.9 (33.7;67.3)

P < 0.0001

P < 0.0001P = 0.0006

P < 0.0001

FIGURE 1. Kaplan–Meier survival curves for PFS by IMPI with low-risk (60%), intermediate-risk
(30%), and high-risk (10%) categories (A); MTV/WHO PS by number of risk factors (0, 1, or 2) (B);
MTV/dissemination by number of risk factors (0, 1, or 2) (C); clinical PET score with low-risk (60%),
intermediate-risk (30%), and high-risk (10%) categories (D). P values show significance. RF 5 risk
factor.
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To visually present the diagnostic performance of the continuous
metabolic risk scores (IMPI and clinical PET score) in comparison
to categoric risk scores, continuous scores were categorized and
data were presented by Kaplan–Meier curves for metabolic (Figs. 1
and 2) and clinical risk scores (Fig. 3). For the IMPI, 3 risk groups
were defined on the basis of the following cutoff values for risk of
3-y PFS: less than 0.285 (low), 0.285–0.406 (intermediate), greater

than 0.407 (high). These categories corre-
spond to primary refractory disease inci-
dence (10%), relapse after initial response
(30%), and long-term remission (60%).
For the clinical PET score, 3 groups were
defined as those with 10% worse risk
scores (high), 60% best risk scores (low),
and 30% in between (intermediate risk)
(14,16). Kaplan–Meier analysis showed
that 3-y PFS for the highest risk group was
40% in the IMPI, 33% in the MTV/WHO
PS, 44.3% in the MTV/SDmax, and 51.9%
in the clinical PET score. The 3-y PFS in
the highest risk groups was 35.8% in the
IPI score and 51.7% in the R-IPI score.
MTV/WHO PS and IMPI can recognize a
small group of patients (7.3% (26/355) and
9.6% (34/355), respectively) with a very
poor prognosis with a 3-y OS of less than
50%. Both MTV/SDmax and clinical PET
scores can only recognize 2 risk groups in
this analysis. Of note, when dividing the
population into a low-risk group (81%)
and a high-risk group (19%) for the clinical
PET score (as was suggested in the original
research and is based on the proportion of

patients with an IPI of 4 or 5), the highest risk group had a 3-y PFS
of 62.3% (Supplemental Fig. 4) (19).
A further exploratory analysis of the role of MTV per the IPI

and R-IPI risk groups was performed (Fig. 4). For the IPI, the
prognostic value of MTV is mainly driven by the patients in
the intermediate–low risk and intermediate–high risk groups.
High-risk patients according to the IPI have a high risk of progres-

sion, regardless of MTV. For the R-IPI
good-risk category, there is no difference
between high or low MTV, whereas good
and poor-risk categories can be dichoto-
mized on the basis of the MTV level.

Prognostic Value of MTV,
Dissemination, and TVSR
MTV can be used as a continuous or

categoric variable using an optimal cutoff
as determined by maximum likelihood esti-
mation, cutoff by median or quartiles, or
by expected clinical outcomes (60/30/10%
rule). In our analysis, the strongest prog-
nostic value for all 3 outcomes was found
using MTV as a continuous value. That
and the same analysis for SDmax and
TVSR can be found in Table 4. We
observed the strongest prognostic value
for SDmax used as a continuous variable.
TVSR has no significant prognostic value
in our data.

Building a Multivariable Model
In univariable analysis, all separate com-

ponents of the IPI, the type of first-line
treatment, the R-IPI, the presence of cen-
tral nervous system invasion, MTV, total

% OS (95% CI)
Years Low Intermediate High

1 90.1 (85.5;93.3) 79.0 (68.8;86.2) 55.2 (36.9;70.1)
2 84.4 (79.0;88.5) 71.6 (60.7;80.0) 42.9 (26.0;58.8)
3 81.1 (75.3;85.6) 66.1 (54.7;75.3) 42.9 (26.0;58.8)

% OS (95% CI)
Years Low risk (0 RF) Intermediate risk (1 RF) High risk (2 RF)

1 91.0 (86.3;94.2) 80.8 (72.3;86.9) 41.4 (22.5;59.4)
2 85.1 (79.5;89.3) 71.9 (62.6;79.2) 37.3 (19.2;55.5)
3 80.9 (74.8;85.7) 70.0 (60.6;77.5) 32.0 (14.7;50.7)

% OS (95% CI)
Years Low risk (0 RF) Intermediate risk (1 RF) High risk (2 RF)

1 87.3 (82.0;91.2) 82.8 (74.4;88.7) 69.4 (51.7;81.8)
2 80.9 (74.7;85.6) 78.0 (69.0;84.7) 55.6 (38.1;69.9)
3 77.6 (71.1;82.8) 74.9 (65.5;82.1) 49.9 (32.8;64.8)

% OS (95% CI)
Years Low Intermediate High

1 89.9 (84.8;93.4) 73.8 (64.0;81.4) 73.5 (55. 3;85.3)
2 85.8 (80.0;90.0) 62.4 (52.0;71.2) 61.5 (43.0;75.5)
3 82.4 (76.2;87.1) 59.0 (48.6;68.1) 54.6 (36.1;69.8)

A B

C D

P < 0.0001 P < 0.0001

P = 0.0005 P < 0.0001

FIGURE 2. Kaplan–Meier survival curves for OS by IMPI with low-risk (60%), intermediate-risk
(30%), and high-risk (10%) categories (A); MTV/WHO PS by number of risk factors (0, 1, or 2)
(B); MTV/dissemination by number of risk factors (0, 1, or 2) (C); clinical PET score with low-risk
(60%), intermediate-risk (30%), and high-risk (10%) categories (D). P values show significance.
RF5 risk factor.

P < 0.0001P < 0.0001

% PFS (95% CI)
Years Low Low-intermediate High-intermediate High

1 89.8 (83.1;94,0) 82.9 (72.9;89.5) 77.7 (66.1;85.7) 40.6 (29.0;51.8)
2 85.7 (78.2;90.7) 72.9 (61.8;81.2) 71.5 (59.3;80.6) 39.1 (27.6;50.3)
3 84.8 (77.2;90.0) 70.2 (58.9;78.9) 66.2 (53.4;76.2) 35.8 (24.6;47.1)

% OS (95% CI)
Years Low Low-intermediate High-intermediate High

1 93.7 (87.8;96.8) 91.5 (82.9;95.8) 84.6 (74,0;91.2) 56.5 (44.0;67.2)
2 91.3 (84.9;95.1) 84,0 (74.0;90.4) 77.1 (65.4;85.3) 43.4 (31.6;54.7)
3 89.6 (82.7;93.8) 82.7 (72.5;89.4) 72.1 (59.6;81.2) 38.7 (27. 2;50.0)

B

P < 0.0001P < 0.0001

% PFS (95% CI)
Years Very good Good Poor

1 94.3 (79.0;98.5) 85.1 (78.9;89.6) 59.8 (51.2;67.3)
2 91.4 (75.7;97.2) 77.8 (70.8;83.4) 56.0 (47.3;63.7)
3 91.4(75.7;97.2) 75.9 (68.8;81.7) 51.7 (43.0;59.7)

% OS (95% CI)
Years Very good Good Poor

1 97.1 (81.4;99.6) 92.0 (86.8;95.2) 71.0 (62.7;77.8)
2 94.3 (79.0;98.5) 86.7 (80.6;90.9) 61.4 (52.8;68.9)
3 94.3 (79.0;98.5) 84.7 (78.4;89.4) 55.7 (46.9;63.6)

A

FIGURE 3. PFS (top) and OS (bottom) according to IPI subgroups (A) and R-IPI subgroups (B).
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lesion glycolysis, and dissemination were significantly correlated
with outcome. Since the IMPI was found to be the strongest meta-
bolic risk score, it was also considered as a variable, showing a sig-
nificant association with PFS (P , 0.0001). Sex, SUVmax, SUVmean,
SUVpeak, and TVSR were not associated with PFS. The following
variables were considered in the building of a multivariable model:
the IMPI score, the WHO PS, the lactate dehydrogenase level, the
number of extranodal sites, central nervous system invasion, total
lesion glycolysis, and SDmax. Since all separate components of the
R-IPI were included, the R-IPI was no longer included. In multivari-
able analysis, 4 factors were independently associated with worse
PFS: a WHO PS greater than 1 (hazard ratio, 2.836; 95% CI, 1.771–
4.543), elevated lactate dehydrogenase level (hazard ratio, 1.713;
95% CI, 1.009–2.671), central nervous system invasion (hazard
ratio, 3.347; 95% CI, 1.202–9.316), and IMPI (hazard ratio, 1.207;

95% CI, 1.048–1.389) (Table 5). A weighted
combination of these 4 risk factors (Sup-
plemental Appendix 1) led to a novel real-
world metabolic risk score with a C-index
of 0.706 (95% CI, 0.656–0.756) for PFS in
our cohort (Fig. 5).

DISCUSSION

In this study, we validated the prognos-
tic value of 4 novel metabolic risk scores
(IMPI, MTV/WHO PS, MTV/SDmax, and
clinical PET score) in a real-life untreated
DLBCL, NOS cohort and compared them
with the existing clinical risk scores.

Furthermore, we developed a real-world metabolic risk score in
our cohort.
The development of the IMPI represents a significant advance

for implementing MTV in lymphoma research and clinical care,
for example, by selecting high-risk patients upfront for novel treat-
ments. Using MTV and age as continuous variables in combination
with disease stage as a categoric variable (I–IV), the 3-y PFS can be
predicted on an individual basis for newly diagnosed DLBCL treated
with R-CHOP (16). Although the original research found a linear
spline model with 1 knot located at the median MTV value to be the
best expression of the relationship between MTV and survival, in
our analysis, the best fit was a logarithmic transformation of MTV.
Only one other study evaluated the prognostic value of IMPI in first-
line setting (20). In a post hoc analysis of 166 patients receiving
risk-adapted frontline immunochemotherapy for untreated DLBCL,
the IMPI overestimated the event rates, possibly due to a more
intensified treatment in these trials (patients received additional
immunochemotherapy with rituximab, ifosfamide, carboplatinum,
and etoposide). Two other studies investigated the performance of
the IMPI in a relapsed/refractory setting. A correlation between
IMPI and PFS was found in a small group (n 5 39) of relapsed/
refractory DLBCL patients treated with chimeric antigen recep-
tor T-cell therapy but not with a duration of response or OS. In
this setting, the IMPI outperformed the IPI; however, the results
need to be interpreted with caution because of the limited num-
ber of subjects (21). Lastly, an analysis of 138 patients with
relapsed/refractory DLBCL treated with loncastuximab tesirine
in the LOTIS-2 trial showed that the IMPI demonstrated an
appropriate performance; however, it was not better than MTV
alone (22). In our dataset, the IMPI had the highest model per-
formance for 3-y PFS, 3-y TTP, and 3-y OS among the 4
recently developed novel risk scores. For 3-y TTP, the IMPI
even outperformed the strongest clinical risk score, the IPI,
although the difference in the Harrell C-indices was small
(0.696 vs. 0.693, P 5 0.524). Since DLBCL is generally a dis-
ease of elderly patients, their outcome is determined not only by
lymphoma but also by age-related comorbidities and limited life
expectancy. Therefore, TTP is an important outcome parameter
for prognostication as it is not affected by age, unlike PFS and
OS. Furthermore, the IMPI retained statistical significance in
multivariable analysis for PFS. Regarding the 3-y PFS and 3-y
OS, the IPI still has the highest model performance of all risk
scores. Thus, our results confirm the prognostic value of IMPI,
outperforming the other 3 recently developed novel metabolic
volume risk scores. However, in our dataset, the IMPI could not

FIGURE 4. Kaplan–Meier survival curves for PFS according to IPI (A) and R-IPI (B) score, dichoto-
mized into low MTV (#135mL) or high MTV (.135mL).

TABLE 4
Prognostic Value of MTV, Dissemination, and

Fragmentation Index

Parameter

C-index

3-y PFS 3-y OS 3-y TTP

MTV

Continuous predictor 0.641 0.638 0.673

Optimal cutoff* 0.611 0.606 0.607

Cutoff by median (219 cm3) 0.604 0.598 0.611

Cutoff by quartiles 0.627 0.623 0.652

Cutoff by 60/30/10 0.602 0.605 0.633

SDmax

Continuous predictor 0.617 0.619 0.660

Optimal cutoff (0.1) 0.611 0.608 0.644

Cutoff by median (0.1) 0.611 0.608 0.644

Cutoff by quartiles 0.621 0.624 0.651

TVSR

Continuous predictor 0.497 0.494 0.516

Optimal cutoff (1.1) 0.518 0.507 0.556

Cutoff by median (0.8) 0.532 0.499 0.505

Cutoff by quartiles 0.542 0.512 0.574

*Optimal cutoff 135 cm3 (PFS), 604 cm3 (OS), and 1,123 cm3

(TTP) based on our cohort.
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replace the IPI, and further prospective trials will be needed to
compare their performance.
Survival analysis shows a significant separation of the 3 risk

groups of the IMPI, whereas the curves of intermediate–low and
intermediate–high IPI overlap. Lastly, the R-IPI was best at detect-
ing a group of patients (35/355, 9.9%) with a very favorable out-
come (3-y PFS, 91.4%; 3-y OS, 94.3%).

A recent analysis of 2,124 DLBCL patients treated in random-
ized clinical trials found that neither the IPI nor the R-IPI could
identify a patient subgroup with long-term survival clearly below
50% in the rituximab era (4). In our analysis, the IPI can detect a
high-risk group with a 3-y OS of 38.7%. Furthermore, the IMPI
and MTV/WHO PS can also detect a high-risk group with a long-
term survival of less than 50%. The worse outcome in our cohort

TABLE 5
Univariable and Multivariable Analysis of Factors Influencing PFS

Characteristic

Univariable Multivariable

HR (95% CI) P HR (95% CI) P

Age at diagnosis . 60 y 2.293 (1.414–3.720) ,0.0001

Female 0.859 (0.586–1.260) 0.4367

WHO PS . 1 4.185 (2.736–6.402) ,0.0001 2.836 (1.771–4.543) ,0.0001

LDH elevated 2.413 (1.644–3.540) ,0.0001 1.713 (1.009–2.671) 0.0174

Number of extranodal sites . 1 2.307 (1.591–3.345) ,0.0001

Ann Arbor stage III–IV 2.087 (1.379–3.157) 0.0005

IPI* ,0.0001

Low–intermediate 2.057 (1.127–3.755) 0.0189

High–intermediate 2.418 (1.317–4.441) 0.0044

High 7.077 (4.123–12.145) ,0.0001

R-IPI† ,0.0001

Good 2.920 (0.904–9.431) 0.0732

Poor 7.521 (2.364–23.922) 0.0006

CNS invasion 2.832 (1.043–7.685) 0.0410 3.347 (1.202–9.316) 0.0207

First-line treatment‡ ,0.0001

None 17.646 (10.154–30.667) ,0.0001

Platinum-based 9.847 (3.062–31.661) 0.0001

Radiotherapy 7.866 (3.166–19.545) ,0.0001

Other 1.253 (0.508–3.091) 0.6224

SUVmax
§ 1.016 (0.998–1.034) 0.0891

SUVpeak
§ 1.018 (0.999–1.038) 0.0639

SUVmean
§ 0.984 (0.928–1.044) 0.5987

TVSR§ 0.965 (0.762–1.222) 0.7653

MTV (cutoff 135 cm3) 2.710 (1.747–4.204) ,0.0001

MTV (continuous)jj 1.861 (1.439–2.406) ,0.0001

TLG (cutoff 1,280g) 2.492 (1.632–3.805) ,0.0001

Dmax (cutoff 20 cm) 2.543 (1.687–3.833) ,0.0001

SDmax (cutoff 10 cm) 2.529 (1.677–3.812) ,0.0001

IMPI¶ 1.412 (1.263–1.578) ,0.0001 1.207 (1.048–1.389) 0.0089

*Reference: IPI low.
†Reference: R-IPI very good.
‡Reference: R-CHOP or R-mini-CHOP.
§Per unit increase.
jjPer 310 unit increase.
¶Per 10% increased risk of relapse.
HR 5 hazard ratio; LDH 5 lactate dehydrogenase; TLG 5 total lesion glycolysis.
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can likely be explained by the fact that we investigated a real-life
cohort. This includes patients with comorbidities, higher age, and
even noncurative intent. Notably, removing the noncurative intent
patients from the cohort did not alter the prognostic value of the
risk scores.
We evaluated the prognostic power of [18F]FDG PET/CT

metrics as continuous or dichotomous variables. Our dataset con-
firms the use of MTV as a continuous variable, which has the
advantage of making individual survival predictions and avoid-
ing the loss of valuable information. Dissemination features
such as SDmax offer additional information on tumor spread
and were significantly correlated with the outcome in our analy-
sis; however, the discriminatory power was less than that for
MTV or the IMPI. TVSR showed no clear correlation with out-
come in this analysis.
The limitations of our analysis are the retrospective nature of

our study and the monocentric design. As strengths of the study,
we note that this is a consecutive series of real-life patients pre-
senting in the daily clinic. Furthermore, patients without measur-
able disease on [18F]FDG PET/CT are typically excluded when
developing imaging-based prognostic indices. We included these
patients and assigned an MTV of 0, since excluding these
patients represents an important limitation of any risk score in
daily practice. However, since SUVpeak cannot be calculated in
these patients, the clinical PET score could not be used in these
patients, and this is a limitation of this scoring system. Impor-
tantly, using predefined cutoff points (as described in previous
publications) for all 4 novel risk scores, our results were not
data-driven. Lastly, we used both the fixed threshold SUV of at
least 4.0 method and the SUVmax of 41% method for lesion delin-
eation, using the first method for the clinical PET and IMPI models
and the second method for the MTV/WHO PS and MTV/SDmax
models as was previously described.

CONCLUSION

In this real-life cohort of untreated DLBCL, NOS patients, we
validated the prognostic value of 4 novel metabolic risk scores
(the IMPI, the MTV/WHO PS, the MTV/SDmax, and clinical
PET scores) and compared them with the existing clinical risk
scores. The IMPI has the strongest prognostic performance

compared with the other 3 novel metabolic
risk scores. However, in our dataset, the
IMPI could not replace the IPI, and further
prospective trials are needed to compare
their performance.
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KEY POINTS

QUESTION: Which of the recently developed metabolic risk
scores is best at predicting outcome in untreated DLBCL in
real life? And can these metabolic risk scores replace the current
clinical risk scores (IPI and R-IPI)?

PERTINENT FINDINGS: In a retrospective analysis of 355
untreated DLBCL, NOS patients, the IMPI was the strongest at
predicting outcome compared with 3 other novel metabolic risk
scores. The IMPI can detect a high-risk group with a dismal
prognosis (3-y OS, 43%). When the metabolic risk scores were
compared with the clinical risk scores, the IPI remains the best
prognostic tool for predicting 3-y PFS and 3-y OS. However, the
IMPI is best at predicting disease relapse.

IMPLICATIONS FOR PATIENT CARE: Incorporating baseline
MTV in risk scores can improve outcome prediction, enabling us
to recognize high-risk patients upfront and select them for novel
treatments. However, in our real-world dataset, these novel risk
scores could not replace the IPI.
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