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Abstract

This retrospective analysis of the phase Il GOYA study investigated the prognostic value of baseline metabolic tumor volume
parameters and maximum standardized uptake values for overall and progression-free survival (PFS) in treatment-naive diffuse
large B-cell lymphoma. Baseline total metabolic tumor volume (determined for tumors >1 mL using a threshold of 1.5 times the
mean liver standardized uptake value +2 standard deviations), total lesion glycolysis, and maximum standardized uptake value
positron emission tomography data were dichotomized based on receiver operating characteristic analysis and divided into
quartiles by baseline population distribution. Of 1,418 enrolled patients, 1,305 had a baseline positron emission tomography scan
with detectable lesions. Optimal cut-offs were 366 cm?® for total metabolic tumor volume and 3,004 g for total lesion glycolysis.
High total metabolic tumor volume and total lesion glycolysis predicted poorer PFS, with associations retained after adjustment
for baseline and disease characteristics (high total metabolic tumor volume hazard ratio: 1.71, 95% confidence interval [CI]: 1.35-
2.18; total lesion glycolysis hazard ratio: 1.46; 95% Cl: 1.15-1.86). Total metabolic tumor volume was prognostic for PFS in subgroups
with International Prognostic Index scores 0-2 and 3-5, and those with different cell-of-origin subtypes. Maximum standardized
uptake value had no prognostic value in this setting. High total metabolic tumor volume associated with high International
Prognostic Index or non-germinal center B-cell classification identified the highest-risk cohort for unfavorable prognosis. In
conclusion, baseline total metabolic tumor volume and total lesion glycolysis are independent predictors of PFS in patients with
diffuse large B-cell lymphoma after first-line immunochemotherapy.

IIItIOd]lCtiOIl in combination with cyclophosphamide, doxorubicin, vin-

cristine, and prednisone (CHOP)."2DLBCL is a heterogene-
Current standard of care for patients with previously un- ous disease that is reflected in transcriptionally defined,
treated diffuse large B-cell lymphoma (DLBCL) is immu- molecularly distinct subtypes.** Consequently, 10-15% of
nochemotherapy with the anti-CD20 antibody rituximab patients have primary refractory disease, and 20-30% of
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patients experience relapse after initial response to first-
line therapy.® Identification of high-risk patients is chal-
lenging with the currently available risk-stratification
models.®” Gene expression profiling and other molecular
signatures can predict outcome, independently of clinical
International Prognostic Index (IPI) score.®*
8F-fluorodeoxyglucose (FDG) positron emission tomo-
graphy (PET)/computed tomography (CT) is an important
tool for the diagnosis, staging, and early evaluation of re-
sponse to therapy in patients with DLBCL. FDG-PET/CT
together with baseline quantitative measures of FDG up-
take, which act as indicators of metabolically active
whole-body disease burden, have demonstrated good
prognostic value for the prediction of long-term survival
outcomes in a number of small studies of patients with
previously untreated DLBCL.5" Examples of quantitative
PET variables currently being explored for potential prog-
nostic value include total metabolic tumor volume (TMTV),
total lesion glycolysis (TLG), and maximum standardized
uptake value (SUV__). Other studies have investigated the
prognostic value of interim response assessment by PET,
with this having limited predictive value,’®"” or end-of-
treatment complete response by PET, which was shown
to be associated with improved survival outcomes.’®2°
The phase Il GOYA study (clinicaltrials gov. Identifier:
NCT01287741) compared the glycoengineered type Il anti-
CD20 antibody, obinutuzumab, plus CHOP with rituximab
plus CHOP in patients with previously untreated DLBCL.?
Although improvements in progression-free survival (PFS)
have been demonstrated with obinutuzumab- versus rituxi-
mab-based therapy in follicular lymphoma?? and chronic
lymphocytic leukemia,?® no significant PFS difference was
found between the obinutuzumab and rituximab arms in
the GOYA study (hazard ratio [HR]: 0.92; 95% confidence in-
terval [CI]: 0.76-1.11; P=0.39).”" Here, we report a post hoc
analysis of data from the GOYA study, evaluating the prog-
nostic value of baseline quantitative PET parameters (TMTV,
TLG and SUV__), independently and combined with other
risk factors, as potential prognostic markers for PFS and
overall survival (OS) in this large population of patients with
DLBCL. In GOYA, no statistically significant difference in PFS
was found between treatment arms?' so the two arms were
pooled for this post hoc analysis.

Methods

GOYA was a phase Ill, open-label, multicenter, randomized
study. The study design and patient disposition have been
described previously (see the Online Supplementary Ap-
pendix).?’ GOYA was conducted in accordance with the In-
ternational Conference on Harmonisation guidelines for
Good Clinical practice, and the protocol was approved by
the ethics committees of participating centers. Patients

L. Kostakoglu et al.

provided written informed consent.

FDG-PET/CT scans were performed at baseline (<35 days
before the first dose of study treatment) and at end of
treatment (6-8 weeks after the last antibody treatment),
or in the event of early discontinuation (4-8 weeks after
the last dose of antibody treatment). TMTV, TLG, and
SUV__ were centrally determined by three experienced
nuclear medicine physicians from each baseline PET/CT
scan collected in real time during the study. TMTV was
calculated using a tumor threshold of 1.5 times the mean
SUV of the liver +2 standard deviations. Only those tumors
that measured >1 mL were included in the TMTV calcula-
tion. Gene expression profiling using the NanoString Lym-
phoma Subtyping Research-Use-Only assay (NanoString
Technologies, Inc., Seattle, WA, USA) was used for cell-of-
origin classification.

The primary objective of this retrospective analysis was to
determine the prognostic value of baseline quantitative
PET parameters (TMTV, TLG, and SUV__) for OS and PFS
in the overall patient population. Secondary objectives
were to investigate their prognostic value according to IPI
risk category and DLBCL cell-of-origin subtype.

Statistical analysis

Statistical analyses were performed on the PET intent-to-
treat (ITT) population, which included all randomized pa-
tients with a baseline PET scan with detectable lesions.
PFS and OS from randomization were estimated using the
Kaplan—-Meier method. In order to determine the optimal
cut-offs, baseline TMTV and TLG were dichotomized based
on time-dependent receiver operating characteristic (ROC)
curves, selecting the 24-month landmark (i.e., considering
investigator-assessed PFS events that occurred between
randomization and 2 years). PFS and OS were evaluated
according to these cut-offs and also an a priori cut-off of
300 cm?® (not validated) for TMTV.? Covariate effects on
PFS were estimated using multivariable Cox models, in-
cluding treatment and study stratification factors. Hazard
ratios were stratified for IPI score and number of planned
chemotherapy cycles.

Baseline TMTV values were dichotomized according to the
ROC-derived cut-off, while for TLG, data were dichot-
omized according to the median TLG value at baseline.
Quartiles of TMTV and TLG were defined based on their
distribution in the available population at baseline. Associ-
ations between PFS and OS, and baseline TMTV and TLG
quartiles, were assessed using the Kaplan—-Meier method.
The association between PFS and baseline TMTV and TLG
quartiles was also evaluated separately in patients with
germinal center B cell (GCB) and activated B cell (ABC)
cell-of-origin subtypes, and in patients with IPI scores of
0-2 and 3-5. Impact of PET parameters on PFS was also
evaluated, adjusting for IPI score as well as cell-of-origin
subtype, to determine the prognostic value they provide
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in addition to other known factors.

Statistical analyses were performed using SAS v9.4 (SAS
Institute, Inc., Cary, NC, USA); P values <0.05 were con-
sidered significant.

Results

Patient population and baseline demographics

The GOYA study enrolled 1,418 patients between July 2011
and June 2014, with 1,414 patients included in the final
analysis population (GOYA ITT population). Of these, 1,305
(92.3%) had a PET scan with detectable lesions at baseline
from which quantitative data could be obtained (PET ITT
population; see the Online Supplementary Appendix). Base-
line demographics and disease characteristics according to
dichotomized baseline TMTV values in the PET ITT popu-
lation are displayed in Table 1. Demographics and baseline
characteristics were similar in the GOYA ITT and PET ITT
populations (Online Supplementary Table S7). The propor-
tion of patients with an IPI score of 3-5, Ann Arbor stage
[11/1V, Eastern Cooperative Oncology Group performance
status (ECOG PS) =2, extranodal involvement and elevated
serum lactate dehydrogenase (LDH) was significantly
greater in the high versus low TMTV group, and the high
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TMTV group also had a significantly greater median sum of
products of diameter (SPD) of up to six target lesions (Table
1). TMTV was associated with median time to randomiza-
tion, with a shorter median time in the high versus low
TMTV group (0.69 vs. 0.92 months). Dichotomized TLG data
and both TMTV and TLG quartiles showed a similar overall
pattern to dichotomized TMTV data, with respect to the two
study populations, clinical characteristics and median time
to randomization (Online Supplementary Tables S2 and S3).
There was no association between quantitative PET
measures and cell-of-origin.

Based on the data cut-off of January 31, 2018 for the final
analysis of GOYA, the median duration of follow-up from
randomization to last contact or death was 48 months
(range, 0.1-78 months).

Association between baseline quantitative positron
emission tomography parameters and
investigator-assessed progression-free and

overall survival

Total metabolic tumor volume

ROC analysis identified 366 cm?® as the optimal cut-off
for determining the association between TMTV and PFS.
Using this cut-off, Kaplan—-Meier analysis showed that
PFS was shorter for patients with high versus low TMTV

Table 1. Demographics and baseline characteristics according to high (=366 cm?) or low (<366 cm?) baseline total metabolic
tumor volume in the positron emission tomography intent-to-treat population (n=1,305).

High TMTV

Low TMTV

P*
(N = 636) (N = 669)
Median age, years (range) 61.0 (18-86) 62.0 (18-85) 0.003
Male, N (%) 358 (56.3) 333 (49.8) 0.0198
Median time from diagnosis [N =632] [N = 668] 0
to randomization, months (range) 0.69 (0.1-36.3) 0.92 (0.0-8.7)
Ann Arbor stage, N (%) 0
lorll 91 (14.3) 223 (33.3)
[l or IV 545 (85.7) 446 (66.7)
IPI score, N (%) 0
0-2 251 (39.5) 484(72.3)
3 234 (36.8) 140 (20.9)
4-5 151 (23.7) 45 (6.7)
ECOG PS, N (%) [N = 635] - 0
0-1 521 (82.0) 623 (93.1)
2-3 114 (18.0) 46 (6.9)
Any extranodal involvement, N (%) 458 (72.0) 418 (62.5) 0.0003
Serum LDH elevated, N (%) [N =633] 501 (79.1) [N = 668] 244 (36.5) 0
Median SPD, mm 8,198 [N =666] 2,570 0
(range) (160-510,000) (0-194,400)
Cell-of-origin subtype, N (%) [N =410] [N =451] 0.740
GCB 239 (58.3) 255 (56.5)
ABC 103 (25.1) 124 (27.5)
Unclassified 68 (16.6) 72 (16.0)

*Kruskal-Wallis rank sum test (numeric variables) or Fisher's exact test (categorical variables). ABC: activated B-cell-like; ECOG PS: Eastern
Cooperative Oncology Group performance status; GCB: germinal center B-cell-like; IPI: International Prognostic Index; LDH: lactate dehydro-
genase; SPD: sum of products of diameter of up to six target lesions; TMTV: total metabolic tumor volume.

Haematologica | 107 July 2022
1635



ARTICLE - Total metabolic tumor volume predicts survival

L. Kostakoglu et al.

A 1.0 4 B 1.0 1
0.8 - 0.8 -
0.6' %ﬁ__ 0-6" %ﬁq_
P 04] P 04]
o o
0.2 — High (N=636) 0.24 — High (N=704)
— Low (N=669) — Low (N=601)
x Censored x Censored
0 6 12 18 24 30 36 42 48 54 60 66 72 78 0 6 12 18 24 30 36 42 48 54 60 66 72 78
No. at risk Time (months) No. at risk Time (months)

High 636 536 440 410 381 354 342 306 205 113 66
Low 669 623 573 543 510 485 456 401 245 134 78

31 1
24

High 704 599 498 465 435 406 393 350 234 127 75 36 1
Low 601 560 515 488 456 433 405 357 216 120 69 19

Figure 1. Kaplan—Meier analysis of investigator-assessed progression-free survival according to baseline total metabolic tumor
volume cut-offs. Total metabolic tumor volume (TMTV) cut-off of (A) 366 cm? and (B) 300 cm?.

Covariate Hazard ratio (95% CI) P
TMTV, highvs.low 1.95 (1.59-2.38) 0 —
TLG, high vs.low 1.71 (1.40-2.09) <0.0001 —
Treatment group, obinutuzumab vs. rituximab 0.95 (0.78-1.16) 0.627 ——
Sex, female vs.male 0.95 (0.78-1.15) 0.577 —a—
Age at randomization 1.01 (1.00-1.02) 0.032 ]
Time from diagnosis to randomization 0.79 (0.67-0.94) 0.009 —a—
Geographic region

Eastern Europe vs. Asia 0.71(0.51-0.99) 0.043 e

Western Europe vs. Asia 0.69 (0.55-0.88) 0.002 -

North America vs. Asia 0.73 (0.54-0.98) 0.035 -

Other vs. Asia 0.75 (0.45-1.26) 0.279 "
Ann Arbor stage

Ilvs.| 1.13 (0.66-1.94) 0.660 .

lvs.| 1.65 (1.00-2.70) 0.048 o

IV vs.| 2.24 (1.39-3.63) 0.001 &
ECOG PS, 2-3 vs.0-1 1.71(1.32-2.23)  <0.0001 -
Extranodal involvement, yes vs. no 1.32(1.06-1.63) 0.013 -
Serum LDH, elevated vs. not elevated 1.37 (1.12-1.68) 0.002 -
SPD 1.00 (1.00-1.00) 0.318 '
IPI, 3-5vs.0-2 1.69 (1.39-2.05) <0.0001 o

0.50 1.0 2.0 4.0

Figure 2. Univariate Cox regression model evaluating factors associated with investigator-assessed progression-free survival
(positron emission tomography intent-to-treat population; n=1,305). Total metabolic tumor volume (TMTV) high defined as
>366 cm?® and TMTV low defined as <366 cm?; TLG high defined as = median total lesion glycolysis (TLG) and TLG low defined as
<median TLG. CI: confidence interval; ECOG PS: Eastern Cooperative Oncology Group performance status; IPl: International

Prognostic Index; LDH: lactate dehydrogenase; SPD: sum of products of diameters of up to 6 target lesions.

(Figure 1A), with a stratified HR for PFS of 1.73 (95% CI:
1.40-2.13) (P<0.0001). The same association was ident-
ified when the a priori cut-off of 300 cm?® was evaluated
(stratified HR: 1.53; 95% CI: 1.24-1.90; P<0.0001; Figure
1B). Four-year PFS rates were lower for patients with
baseline TMTV 2366 cm?® compared with <366 cm? (4-year
rate: 569.7% vs. 74.7%), and univariate followed by multi-
variable Cox regression analysis confirmed the associ-
ation between high TMTV and shorter PFS (multivariable
analysis: HR: 1.71; 95% CI: 1.35-2.18; P<0.0001; Figure 2;
Online Supplementary Figure S1A). Inferior PFS was also
independently associated with other characteristics in

the multivariable model, including Asian geographic re-
gion (Western European vs. Asian region: HR: 0.61; 95%
Cl: 0.48-0.78; P<0.0001; North American vs. Asian region:
hazard ratio: 0.63; 95% CI: 0.47-0.86; P=0.004). The as-
sociation between high TMTV and poorer PFS was
stronger for the subgroup of patients with an IPI risk
score of 3-5 (HR: 1.93; 95% CI: 1.41-2.65) than for those
with a score of 0-2 (HR: 1.59; 95% CI: 118-2.14), when ad-
justed for treatment group, geographic region, sex and
SPD (P=0.002 for the TMTV HR adjusted for interaction
with IPI score; Online Supplementary Table S4).

When TMTV was divided into quartiles according to base-
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Figure 3. Kaplan—Meier analysis of investigator-assessed progression-free survival according to a baseline total lesion
glycolysis cut-off of 3,004 g. PFS: progression-free survival; TLG: total lesion glycolysis.

line values, the highest quartile was associated with worse
prognosis for investigator-assessed PFS, compared with
the lowest quartile in both IPI categories 0-2 and 3-5
(quartile 4 vs. quartile 1, stratified HR: 1.95; 95% CI: 1.45-
2.61; P<0.0001; Online Supplementary Figure S2). Kaplan—
Meier graphs for PFS according to baseline TMTV quartiles
in patients with low and high IPI scores are shown in the
Online Supplementary Figure S3A and B.

OS was also found to be poorer in patients with high ver-
sus low TMTV, based on the tumor volume cut-off of 366
cm? (stratified HR: 1.76; 95% Cl: 1.34-2.30; P<0.0001; 4-year
OS rate: 74.5% vs. 86.6%) and the 300 cm?® cut-off (Online
Supplementary Figure S4).

Total lesion glycolysis

ROC analysis identified a cut-off of 3,004 g as the optimal
value for assessing the association with PFS. Using this
cut-off, Kaplan—Meier analysis showed that patients with
high TLG had significantly poorer PFS compared with pa-
tients who had low TLG (P<0.0001) (Figure 3), with 4-year
PFS rates of 61.3% and 73.5%, respectively. Univariate fol-
lowed by multivariable Cox regression analysis confirmed
the independent association with high TLG (multivariable
analysis: HR: 1.46; 95% CI: 1.15-1.86; P=0.002) and other
characteristics in the model, including Asian geographic
region (Western European vs. Asian region: HR: 0.62; 95%
Cl: 0.48-0.79; P=0.0001; North American vs. Asian region:
HR: 0.64; 95% Cl: 0.47-0.88; P=0.005) (Figure 2; Online
Supplementary Figure S1B). This association was stronger
in the subgroup of patients with an IPI risk score of 3-5

(HR: 1.64; 95% CI: 1.21-2.23), compared with those who
had a score of 0-2 (HR: 1.44; 95% CI: 1.07-1.94), when ad-
justed for treatment group, geographic region, sex and SPD
(P=0.016 for the TLG hazard ratio adjusted for interaction
with IPI score) (Online Supplementary Table S4).

When TLG was divided into quartiles according to baseline
values, the highest quartile was associated with worse prog-
nosis for investigator-assessed PFS, compared with the lo-
west quartile (quartile 4 vs. quartile 1, stratified HR: 1.73; 95%
Cl: 1.30-2.31; P<0.0001). Kaplan—Meier graphs for PFS accord-
ing to baseline TLG quartiles in patients with low and high IPI
scores are shown in Online Supplementary Figure S3C and D.

Maximum standardized uptake value

A utilizable SUV__ ROC curve for PFS could not be gener-
ated, and it was therefore impossible to define a reason-
able cut-off for this parameter. An alternative ROC curve,
generated for 2-year PFS, was also not prognostic for sur-
vival (Online Supplementary Figure S5).

Prognostic value of baseline quantitative positron
emission tomography parameters according to
cell-of-origin subtype

DLBCL cell-of-origin subtype information was available
for 861 patients in the PET-evaluable population (GCB,
n=494 [57.4%]; ABC, n=227 [26.4%]; unclassified, n=140
[16.3%]). The baseline characteristics for patients with
available cell-of-origin subtype information (data not
shown) were similar to those for the overall PET ITT
population.
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Figure 4. Kaplan—-Meier analysis of investigator-assessed progression-free survival according to baseline International
Prognostic Index status and a total metabolic tumor volume cut-off of 366 cm?®. Differences in progression-free survival (PFS)
probability were significant between each subgroup (P<0.0001): IPI: International Prognostic Index; TMTV: total metabolic tumor

volume.

High TMTV was prognostic for poorer PFS in patients with
both ABC/unclassified DLBCL and in those with GCB
DLBCL. Additionally, when assessed according to quar-
tiles, higher TMTV was prognostic for poorer investiga-
tor-assessed PFS in patients with ABC/unclassified
DLBCL (quartile 4 vs. quartile 1, stratified HR: 2.46; 95%
Cl: 1.49-4.07; P=0.0003) and in those with GCB DLBCL
(stratified HR: 2.51; 95% Cl: 1.44-4.38; P=0.0003) (Online
Supplementary Figure S6A and B). Similar findings were
observed for higher TLG (quartile 4 vs. quartile 1, ABC/un-
classified: stratified HR: 2.10; 95% Cl: 1.28-3.45;
P=0.0022; GCB: stratified HR: 2.16; 95% Cl: 1.27-3.68;
P<0.0001; Online Supplementary Figure S6C, D).

Similar to findings obtained for the PET ITT population,
in the cell-of-origin subtype analysis, high TMTV was
prognostic independently of IPI status based on the Cox
multivariable analysis (Online Supplementary Table S5).
The results for TLG were very similar to those obtained
for TMTV (data not shown).

Multivariable analysis with IPI and cell-of-origin
classification

The multivariable analysis with dichotomized TMTV and
IPI score or cell-of-origin subtype further stratified the
risk groups and identified the highest risk group with the
worst prognosis. Kaplan—-Meier analysis with dichot-
omized IPIl score (0-2 and 3-5) and TMTV (2366 and <366

groups) showed that patients with low IPI score and low
TMTV (n=484) had a 74.3% 5-year PFS compared with
49.0% for patients with high IPI score and high TMTV
(n=385); values for patients with high IPI score and low
TMTV (n=185) were 71.1% compared with 65.5% for low IPI
score with high TMTV (n=251; Figure 4).

Kaplan—Meier analysis with dichotomized cell-of-origin
subtype (GCB vs. non-GCB) and TMTV (2366 and <366
groups) showed that patients with GCB subtype and low
TMTV (n=255) had an 80.0% 5-year PFS, compared with
48.8% for patients with non-GCB subtype and high TMTV
(n=171); values for patients with non-GCB subtype and
low TMTV (n=196) were 65.1%, compared with 59.7% for
GCB subtype and high TMTV (n=239) (Figure 5).

Discussion

This post hoc analysis of the phase Il GOYA study confirms
that baseline quantitative PET parameters are prognostic
for both PFS and OS in patients with DLBCL receiving
first-line immunochemotherapy. Considerably worse prog-
nosis was observed within the highest quartile (quartile 4)
compared with the lowest for baseline TMTV (PFS and OS)
and TLG (PFS). In general, TLG appeared slightly less prog-
nostic than TMTYV, regardless of whether it was split into
quartiles or dichotomized.
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ROC analysis identified 366 cm?®as the optimal tumor vol-
ume cut-off for TMTV in the GOYA PET ITT population.
Despite the ROC cut-off being close to the a priori one
and both, in turn, being quite close to the median (366
cm? represents the 49 percentile), the methodology and
the data-driven nature of the 366 cm?® cut-off should be
acknowledged, along with the potential for slight over-
fitting. However, confidence in the prognostic value of the
ROC cut-off can be taken from the finding that the strat-
ified HR for PFS and OS were highly similar to those for
the a priori cut-off. Thus, a TMTV cut-off of 300-400 cm?
can be suggested for further investigation in future trials
with a similar population of DLBCL patients undergoing
first-line standard-of-care immunochemotherapy. This
cut-off range is similar to values of 300 cm?® and 396 cm?
reported by Cottereau et al'? and Mikhaeel et al.,° re-
spectively, but somewhat different to values of 220-261
cm? reported in other studies.®*”®?* The variation in re-
ported values is likely due to differences in patient char-
acteristics and the methodology used to measure
TMTV'15,25,26

The optimal cut-off for TLG was calculated to be
3,004 g, which represented the 49t percentile. This value
was within the range of those previously published,®4.24
although there was substantial variation across studies.
As for the related parameter of TMTV, differences in pa-

L. Kostakoglu et al.

tient characteristics and methodology could explain this
variation in reported values.’®2526

The current analysis involves the largest DLBCL population
to date in which the prognostic value of baseline quanti-
tative PET measures has been assessed and confirmed.
Our findings are consistent with other retrospective
studies in patients with DLBCL, which have shown high
TMTV to be a strong predictor of reduced survival.®5:2427-30
Furthermore, a meta-analysis reported a highly significant
association between high TMTV and poor PFS (pooled HR:
2.93; 95% Cl: 2.29-3.73) and OS (pooled HR: 3.52; 95% Cl:
2.67-4.64) in patients with DLBCL.* Mikhaeel et al. dem-
onstrated that the combination of baseline TMTV and re-
sponse by PET/CT after two immunochemotherapy cycles
(rituximab-CHOP) improved the predictive power of in-
terim PET for PFS, allowing the definition of a poor-prog-
nosis group of DLBCL patients, and was more prognostic
than either early response or IPl score in this setting.®
For TLG, in agreement with the present analysis, previous
retrospective studies have also shown a significant as-
sociation between high baseline TLG and reduced survival
in patients with DLBCL.89242729:32.33

Notably, the cut-offs defined for TMTV and TLG in the cur-
rent study added to the prognostic power of the dichot-
omized IPl categories (0-2 and 3-5). The association
between high TMTV and poorer PFS was stronger for the
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Figure 5. Kaplan—Meier analysis of investigator-assessed progression-free survival according to germinal center B-cell status
and a baseline total metabolic tumor volume cut-off of 366 cm?. Differences in progression-free survival (PFS) probability were
significant between each subgroup (P<0.0001). GCB: germinal center B-cell-like; TMTV: total metabolic tumor volume.
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subgroup of patients with an IPI risk score of 3-5, than for
those with a lower score. This has been previously dem-
onstrated for TMTV, which retained an association with
poorer PFS®32% and poorer OS"" after adjustment for IPI
score and other baseline parameters. Furthermore, TMTV
provided additional stratification for patients with a high
IPl score (=4) into two groups with differing PFS and OS
rates at 3 years.?* This finding has lent further credence
for including TMTV in management decisions in both low
and high IPI groups to offer a more individualized treat-
ment approach.

We found that TMTV and TLG were prognostic in both GCB
and non-GCB subgroups of DLBCL, suggesting that these
quantitative parameters are widely applicable across the
different DLBCL subgroups. The Kaplan—-Meier analysis
with dichotomized TMTV and IPI score or cell-of-origin
subtype further stratified risk groups with different out-
comes and identified a patient subgroup with the highest
risk for treatment failure and unfavorable PFS. Patients
with a high TMTV and non-GCB phenotype or high TMTV
and a high IPI score (5-year PFS rates of 48.8% and 49.0%,
respectively) were at the highest risk of relapse or pro-
gression, compared with those who had a low TMTV and
a GCB subtype or low TMTV and low IPl score
(5-year PFS rates of 80.0% and 74.3%, respectively). These
findings confirmed similar reports from other retrospec-
tive studies performed in smaller numbers of patients.'?"324
This integrated risk modeling could lead to better selec-
tion of high-risk patients in whom management should be
modified before initiation of first line therapy.

Baseline SUV__ was not a suitable parameter for predict-
ing survival outcome in the current study. Previous studies
that also used ROC analysis to define an SUV cut-off cor-
roborate our finding, indicating that SUV has little prog-
nostic value in patients with DLBCL.%"3293034 Prognosis
appears to be driven by metabolic tumor burden and
maximum FDG avidity; although two patients may have
widely different tumor burdens, they can have a similar
SUV__ for the entire body, as their most active lesions are
equally FDG-avid.

One more important finding that should be highlighted is
the association between TMTV and median time to treat-
ment randomization. This finding emphasizes the recog-
nition and need for avoidance of any potential delays in
initiation of treatment, particularly in patients with a high
tumor burden.

Greater optimization and standardization of quantitative
PET parameters and methodology would markedly im-
prove their utilization in clinical practice. Furthermore,
automation of TMTV assessment using image processing
could enable rapid availability of reproducible results fol-
lowing scans.?63%36 Other factors requiring further investi-
gation include identification of patient subpopulations
who would benefit most from applying PET-based tumor

L. Kostakoglu et al.

metrics; combination of PET-based tumor metrics with
other predictive or prognostic tools (e.g., gene expression
profiling, circulating tumor DNA, end-of-treatment PET or
minimal residual disease); the role of TMTV/TLG in person-
alization of treatment; and the use of more specific PET
radiotracers. Currently, assessment of TMTV alone or in
combination with other risk factors is not regularly used
in clinical practice. Such assessments may become more
routine with the growing interest in individualized treat-
ment strategies driven by the increasing availability of tar-
geted treatments.

The current analysis is limited by the fact that it was post
hoc, rather than a prospectively defined analysis. However,
the prospective nature of the trial with standardized PET
procedures and the large sample size of PET-CT scans
available at baseline provide confidence in the con-
clusions drawn from the data. Although the treatment
arms from GOYA were combined, there is no evidence of
a difference in PFS or OS between obinutuzumab-CHOP
and rituximab-CHOP after long-term follow up of the
study.¥

In conclusion, these data from the phase Ill GOYA study
further demonstrate the prognostic value of baseline
quantitative PET metrics, as well as their incremental
prognostic value in combination with IPI score or cell-of-
origin classification, for predicting survival in a previously
untreated DLBCL patient population receiving immu-
nochemotherapy. The identification of patients with the
worst prognosis prior to initiation of first-line treatment
may lead to timely changes, from planned therapy to al-
ternative treatment strategies, tailored to provide greater
clinical benefit to high-risk patients. However, integration
of PET-derived metrics with molecular and clinical data
will likely be necessary to exclude confounding variables
and improve their prognostic/predictive value in the fu-
ture.
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