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Risk prediction in diffuse large B-cell lymphoma
improves when combining baseline PET features with
interim PET response
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Abstract

Accurate detection of patients at high risk of treatment failure following first-line immunochemotherapy in diffuse large
B-cell lymphoma (DLBCL) is of paramount importance as patients might benefit from early treatment escalation. Recently,
we introduced the International Metabolic Prognostic Index (IMPI) based on metabolic tumor volume (MTV), age and stage
that outperformed the International Prognostic Index. However, radiomic features such as the maximum distance between
the largest lesion and another lesion (Dmax, ) or the peak standardized uptake value (SUVpeak) along with early treatment
response at interim positron emission tomography (iPET) based on ASUV__ may have additional predictive value. We tested
different models for risk prediction aiming to develop a dynamic risk tool. All patients within the PETRA database with
newly diagnosed DLBCL treated with R-CHOP, who had available clinical data, baseline PET and iPET scans were included.
The optimal transformation of Dmax,,, SUV__, and ASUV__ was determined by choosing the best fitting Cox regression
model with lowest Akaike Information Criterion (AIC), while the cross-validated c-index was obtained as a measure for dis-
crimination. Risk models were developed using clinical, baseline PET and iPET data. The best risk model was compared to
the IMPI and our subsequent ClinicalPET model. A total of 1,014 patients were included in the analyses. Best baseline mod-
el included age, MTV and Dmax, , (AIC 3208.89, c-index 0.70). Adding iPET response further improved outcome prediction
(AIC 3140.36, c-index 0.74) with wider segregation of Kaplan-Meier curves and improved rates of correct risk classification,
supporting the value of a dynamic risk assessment in DLBCL.
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Introduction

Diffuse large B-cell lymphoma (DLBCL) is the most common
subtype of lymphoma. Although most patients are sensitive
to standard immunochemotherapy based on rituximab, cy-
clophosphamide, doxorubicin, vincristine and prednisolone
(R-CHOP)2 up to 30% of all patients are primary refractory
or suffer from relapse after first-line therapy. Thus, there
is the utmost need for early detection of patients who are
likely to fail front-line therapy in order to optimize treat-
ment strategies.

The International Prognostic Index (IPI) is the most popu-
lar risk stratification tool for DLBCL and is based on five
clinical factors counted on a dichotomous scale: older age
defined as >60 years, advanced stage defined as stage
l11/1V, elevated serum lactate dehydrogenase (LDH), poor
performance status defined as Eastern Cooperative On-
cology Group (ECOG) >1, and involvement of more than one
extranodal site.® The IPl is commonly used in daily routine,
yet fails to detect individual patients at high risk.* Positron
emission tomography/computed tomography (PET/CT) using
BF-fluorodeoxglucose (FDG) is considered standard of care
in DLBCL for diagnosis and treatment response.® Pretreat-
ment PET/CT enables accurate staging and also allows for
quantitative and radiomic measurements, such as deter-
mination of the total metabolic tumor volume (MTV), the
quantification of FDG uptake measured as maximum and
peak (hottest 1 mL volume of tumor) standardized uptake
value (SUV__ and SUVpeak) as well as the maximum distance
between the largest lesion and the lesion furthest away
(Dmax, ).6® Several studies have shown that MTV in DLBCL
is predictive for both progression-free survival (PFS) and
overall survival (0S).*" Recently, the PETRA consortium
introduced the International Metabolic Prognostic Index
(IMPI) as a new pretreatment risk stratification tool con-
sisting of three baseline parameters: age, MTV, and stage.
Using age and MTV as continuous variables and stage as a
categorical variable, the IMPI individualizes risk prediction
in DLBCL and is more accurate than the IPI in identifying
patients at high risk of failing first-line treatment? Fur-
thermore, MTV, SUV__, and Dmax, ., when incorporated
with clinical factors (age and performance status) into a
ClinicalPET model at baseline, were also shown to inde-
pendently predict outcome in DLBCL."®

Early metabolic response to chemotherapy assessed using
an interim PET/CT (iPET) scan performed after two (iPET-2)
or four (iPET-4) cycles of chemoimmunotherapy is also
strongly associated with improved outcome™ using two
methods for iPET response assessment. The visual Deau-
ville score (DS) is based on a 5-point scale comparing the
residual FDG uptake in the hottest lymphoma lesion to the
physiological uptake in the liver and mediastinum on the
same scan, and is recommended in current guidelines.®>8"
The quantitative ASUV__ method refers to the residual FDG
uptake in the hottest lesion in the iPET scan compared
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to the hottest lesion in the baseline scan. Several studies
have found ASUV__ to be superior to the DS, especially
regarding its ability to predict early treatment failures.*®
An ‘optimal’ threshold for ASUV__ of 266% at iPET-2 and
>70% at iPET-4 has been proposed to define a favorable
iPET response,” but whether ASUV__ might provide better
discrimination as a continuous variable in this setting has
not been explored.

The aims of this study were to analyze whether a dynamic
risk tool incorporating early metabolic response at iPET
compared with baseline patient characteristics and ra-
diomic features could further improve outcome prediction
in an era of evolving clinical and radiomic risk prediction.

Methods

Study population

Patients from the PETRA consortium database (https://pe-
tralymphoma.org) were originally treated within one of five
clinical studies (GSTT15,° HOVON-84,8 NCRI,®* PETAL,? and
SAKK?) and included in this analysis if patients had newly
diagnosed DLBCL, and were treated with R-CHOP with
available clinical data and baseline PET and iPET scans, the
latter performed after cycle 2 or cycle 4. All clinical studies
were approved by institutional review boards and/or ethics
committees. The use of all data within the PETRA imaging
database has been approved by the institutional review
board of the VU University Medical Center (JR/20140414).

PET parameters

Baseline PET scans were assessed for quality using criteria
included in EANM guidelines.?? Scans were excluded if: 1)
incomplete; or 2) essential DICOM data were missing; or
3) the liver SUV__ was outside the acceptable range of
1.3-3.0 and the total image activity (MBq), was outside 50-
80% of the total injected FDG activity.

Lesions were delineated at baseline using a fully automated
preselection defined by SUV >24.0 and a volume threshold
of 23 mL using the Accurate tool.?® Physiological uptake
(e.g., bladder, kidneys) was deleted and lymphoma lesions
<3 mL were added with single mouse-clicks. All scans
were reviewed by a nuclear medicine physician who was
blinded to outcome. Based on these delineations, MTV (in
mL), SUV__,, and Dmax, , (in mm) were extracted for all
patients using RaCAT software, an open-source radiomic
calculator measuring the maximum distance between the
largest lesion and the lesion furthest away.>* ASUV__ was
calculated based on the highest SUV__ for both baseline
PET and iPET scans, where the reduction in SUV was cal-
culated as: ASUV__ = (SUV__ iPET scan - SUV__ baseline

max

PET)/ SUV__ baseline PET).

Statistical analysis
The primary endpoint of this analysis was 3-year PFS, de-
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fined as time from baseline PET to progression, relapse or
death from any cause. Secondary endpoints were 3-year OS
defined as time from baseline PET to death. For both PFS
and OS, patients were censored after three years. Further
analyses were performed using 1-year PFS and 1-year OS to
test for the ability of the final prediction model to identify
patients with primary refractory disease.

A multi-step approach was used to examine how to in-
corporate Dmax, , ASUV__ and Suv_,, to the predictive
models. For all models, MTV was included using a linear
spline model, and age was used as continuous variable,
as described previously!? Detailed statistical methods are
provided in the Online Supplementary Appendix. Briefly,
best spline models of Dmax,,,, ASUV__ and SUV__, were
compared to other transformations to test for the best
transformation model by choosing the model with the
highest R? and lowest Akaike information criterion (AIC).
Cox regression models incorporating clinical factors and
PET parameters tested for best baseline predictors before
the additive value of iPET response were evaluated. The
thus-derived prediction model was then compared to the
IMPI and ClinicalPET model before internal validation was
performed.

Table 1. Patient characteristics of included patients.
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Results

Starting with the IMPI population (N=1,241 patients), a
total of 1,014 patients met the inclusion criteria for the
subsequent analyses. Patients with no, incomplete or
false timing of iPET scans (N=70) and patients who were
not treated with R-CHOP at first-line therapy (N=21) were
excluded. Of the remaining 1150 patients, 136 patients
were further excluded. Reasons for exclusion were: no
FDG uptake at baseline (N=4), incomplete/missing dicom
header information (N=11), ®F-FDG-PET quality control
out of range (N=44), scans outside quality range (N=51),
short follow-up under two years (N=22), missing relevant
clinical data (N=3); for one patient, we were unable to
distinguish tumor from tissue.

Patient characteristics are presented in Table 1. Median
follow-up was 4.57 years with a 3-year PFS rate of 75.6%
(95% confidence interval (Cl): 72.9-78.3%) and a 3-year
OS rate of 83.0% (95% CIl: 80.7- 85.3%). Survival rates
according to the three IMPI subgroups were comparable
between the present cohort and the original IMPI cohort
(Online Supplementary Table ST), suggesting our cohort to
be representative for further outcome analyses.

HOVON-84

Characteristic Total (N=1,014) PETAL (N=408)
Age, years, median, 62 (18-86) 61 (18-82)
(range)
Age, years, N (%)
<60 459 (45.2) 200 (49.0)
>60 555 (54.7) 208 (51.0)
Stage, N (%)
1 120 (11.8) 89 (21.8)
2 244 (24.1) 88 (21.6)
3 217 (21.4) 83 (20.3)
4 433 (42.7) 148 (36.3)
LDH, N (%)
<ULN 411 (40.5) 182 (44.6)
>ULN 603 (59.5) 226 (55.4)
ECOG, N (%)
0 503 (49.6) 178 (43.6)
1 392 (38.6) 192(47.1)
2 101 (10.0) 29 (7.1)
3 18 (1.8) 9(2.2)
EN, N (%)
<1 689 (67.9) 288 (70.6)
>1 325 (32.1) 120 (29.4)
IPI, N (%)
Low 335 (33.0) 154 (37.7)
Low-intermediate 230 (22.7) 104 (25.5)
High-intermediate 267 (26.3) 91 (22.3)
High 182 (17.9) 59 (14.5)

et GSTT (N=84)  SAKK (N=111)  NCRI (N=133)
64 (23-80) 61 (26-86) 58 (18-81) 61 (21-80)
92 (33.1) 42 (50.0) 62 (55.9) 63 (47.4)
186 (66.9) 42 (50.0) 49 (44.1) 70 (52.6)
- 9 (10.7) 14 (12.6) 8 (6.0)
47 (16.9) 19 (22.6) 39 (35.1) 51 (38.3)
64 (23.0) 10 (11.9) 25 (22.5) 35 (26.3)
167 (60.0) 46 (54.8) 33 (29.7) 39 (29.3)
91 (32.7) 33 (39.2) 55 (49.5) 50 (37.6)
187 (67.3) 51 (60.7)) 56 (50.0) 83 (62.4)
157 (56.5) 29 (34.5) 64 (57.7) 75 (56.4)
86 (30.9) 31 (36.9) 39 (35.1) 44 (33.1)
35 (12.6) 15 (17.9) 8 (7.2) 14 (10.5)
- 9 (10.7) - -
166 (59.7) 43 (51.2) 86 (77.5) 106 (79.7)
112 (40.3) 41 (48.8) 25 (22.5 27 (20.3)
47 (16.9) 25 (29.8) 57 (51.3) 52 (39.1)
67 (24.1) 9 (10.7) 22 (19.8) 28 (21.1)
98 (35.3) 26 (31.0) 17 (15.3) 35 (26.3)
66 (23.7) 24 (28.6) 15 (13.5) 18 (13.5)

ECOG: Eastern Cooperative Oncology Group; EN: extranodal involvement >1 site; IPI: International Prognostic Index; LDH: lactate dehydroge-

nase; N: number; ULN: upper normal level.
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Step 1 - Transformation of Dmax, ,, ASUV__ and SUV
We compared the best LSP models for ASUV__, Dmax,  and
SUV__,, with other regression spline models and identified
only minor differences between different transformation
methods for all chosen endpoints (Online Supplementary
Table S2.1-2). Thus, the linear version was chosen for fur-

ther analyses.

peak

Step 2 - Combining clinical characteristics and PET
metrics at baseline

Baseline characteristics that were significantly associated
with survival were age (P=0.01), MTV (P<0.01), and Dmax,
(P<0.01), while SUv . stage and ECOG did not show any
significant impact on outcome prediction (Tables 2 and 3,
respectively). The optimal baseline model was the model
that included MTV, age and Dmax, .
Step 3 - Adding iPET response to the best baseline
model

Combining age, MTV and Dmax, , with iPET response mark-
edly improved outcome prediction and was superior to the
baseline model alone, which resulted in the best model
fit with the highest c-index and lowest AIC. This model
consisted of age, MTV, Dmax, , and ASUV__ and resulted
in an AIC of 3140.36 using 3-year PFS (Table 4). The base-
line and iPET model that used ASUV__ as a continuous
variable outperformed visual DS for response assessment
(AIC of 3140.36 compared to 3177.44, respectively) and led
to a sharper segregation of KM-curves compared to iPET
response alone (Online Supplementary Figure ST).

Table 2. Multivariable Cox regression analyses for baseline clin-
ical and PET characteristics as well as iPET response based on
ASUV__ with respect to 3-year progression-free survival.

Parameter HR 95% CI P

MTV 1.00 1.00-1.01 <0.01
MTV’ 1.00 - <0.01
Age 1.01 1.00-1.02 0.01
Stage 2 0.81 0.42-1.53 0.51
Stage 3 0.64 0.33-1.26 0.20
Stage 4 0.83 0.43-1.60 0.59
ECOG >1 0.97 0.68-1.38 0.84
oxanodal 0.78 0.56-1.09 0.14
ASUV 0.98 0.98-0.99 <0.01
DmaXyuik 1.00 1.00-1.00 <0.01
SUV peax 0.98 0.97-1.00 0.07

ASUV__: delta maximum standardized uptake value; 95% Cl: 95% con-

ﬁdencr:néxinterval; Dmax, ,: maximum distance between the largest lesion
and the lesion furthest away; ECOG: Eastern Cooperative Oncology
Group; HR: Hazard ratio; iPET: interim positron emission tomography;
MTV: metabolic tumor volume; PET: positron emission tomography; PFS:
progression-free survival; SUV__,: peak standardized uptake value.
Hazard ratios for the Cox regression model using 3-year PFS are pre-
sented for MTV per mL, age per year, ASUV__ per percentage change,
and Dmax, , per mm. MTV is included using a linear spline at 307.9 mL,

therefore, MTV‘ refers to the HR for MTV values above 307.9.

J.J. Eertink et al.

There was a significant interaction between ASUV__ and
timing of iPET, which was true for both 3-year OS and 3-year
PFS (P<0.01). Patients with the same reduction in intensity,
e.g., the same ASUV__ values, had an inferior outcome if the
iPET assessment was performed later (i.e., after 4 cycles
compared to 2 cycles) (Online Supplementary Figure S2A,

B),), this was also true if we used dichotomous cut-offs.

Step 4 - Comparisons of the new model to the IMPI and
the ClinicalPET model

Both our optimal baseline model and our optimal base-
line-iPET model outperformed the IPIl, IMPI and Clinical-
PET models with respect to AIC, R? and c-index values for
all chosen endpoints (Table 4). Focusing on the baseline
models, the baseline model (age, MTV and Dmax, ,, out-
performed the other baseline models. This model is very
comparable to the IMPI also including age and MTV, but
replacing stage by Dmax, .

The baseline-iPET model (using ASUV__ ) had the lowest
value for AIC and highest c-index for all chosen endpoints
resulting in a wider segregation of the Kaplan-Meier curves
(Table 4, Figures 1 and 2).

Most importantly, our new baseline-iPET model was superior
in detecting patients at high risk, with a shorter 3-year PFS
of 31.58% (95% Cl: 23.68-4213%) compared to the high-
risk patients according to the IMPI and ClinicalPET models
(3-year PFS: 47.08% [95% ClI: 38.25-57.96%] and 44.45%
[95% Cl: 35.71-55.31%], respectively) (Figure 1).

Patients in the intermediate-risk group in the baseline-iPET
model had a 3-year PFS of 67.59% (95% Cl: 62.51-73.08%),

Table 3. Multivariable Cox regression analyses for baseline clin-
ical and PET characteristics as well as iPET response based on
ASUVmax with respect to 3-year overall survival.

Parameter HR 95% CI P

MTV 1.00 1.00-1.00 <0.01
MTV’ 1.00 0.99-1.00 <0.01
Age 1.04 1.02-1.05 <0.01
Stage 2 1.45 0.58-3.62 0.42
Stage 3 1.15 0.45-2.96 0.76
Stage 4 1.85 0.73-4.70 0.40
ECOG>1 1.07 0.71-1.61 0.74
Dxianodal . 067 0.45-0.98 0.04
ASUV 0.98 0.98-0.98 <0.01
DMaXyu, 1.00 1.00-1.00 <0.01
SUV peus 0.99 0.96-1.01 0.18

ASUV__: delta maximum standardized uptake value; 95% Cl: 95%

max”

confidence interval; Dmax, , : maximum distance between the largest
lesion and the lesion furthest away; ECOG: Eastern Cooperative On-
cology Group; HR: hazard ratio; MTV: metabolic tumor volume; iPET:
interim positron emission tomography; PET: positron emission to-
mograpy; SUV__,: peak standardized uptake value. Hazard ratios for
the Cox regression model using 3-year overall survival are presented
for MTV per mL, age per year, ASUV__ per percentage change, and
Dmax, , per mm. MTV is included using a linear spline at 307.9 mL,

therefore, MTV¢ refers to the HR for MTV values above 307.9.
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which was comparable to survival rates of intermediate-risk
patients identified by the IMPI and ClinicalPET models
(3-year PFS: 68.65% [95% Cl: 63.62-74.08%] and 66.48%
[95% CI: 61.35-72.03%], respectively).

Lastly, patients assigned to the low-risk group according
to the baseline-iPET model had a superior 3-year PFS
of 86.87% (95% Cl: 84.22-89.62%) compared to low-risk
patients in the IMPI and ClinicalPET models (3-year PFS:
83.73% [95% Cl: 80.83-86.73%] and 85.26% [95% Cl: 82.48-
88.14%], respectively).

J.J. Eertink et al.

Data were comparable for 3-year OS (Figure 2); survival
rates are presented in Online Supplementary Table S3.

We also determined changes in progression risk classifi-
cation and found an improvement using the baseline-iP-
ET model of 22% for 3-year PFS and 16% for 3-year OS
compared to the IMPI, meaning that 22% of the patients
were reclassified to a correct risk category when using
our baseline-iPET model compared to the IMPI. The same
effects were seen for the comparison to the ClinicalPET
model, with a reclassification rate of 9% for 3-year PFS

Table 4. Different prediction models based on baseline clinical and PET characteristics alone and combined with iPET response.

) R2 C-index AIC

Baseline models

3-year PFS 3-year OS 3-year PFS 3-year OS 3-year PFS 3-year OS
IPI (age, stage, LDH,
ECOG, EN involvement) 0.06 0.07 0.64 0.66 3,280.65 2,256.93
IMPI (MTV, age, stage) 0.10 0.11 0.68 0.71 3,247.09 2,224.28
MTYV, age, Dmaxux 0.13 0.13 0.70 0.71 3,208.89 2,200.13
ClinicalPET model (age,
ECOG, Dmaxyu, MTV, 0.13 0.12 0.70 0.71 3,216.07 2,208.75
SUVpeak)
Baseline and iPET R2 c-Index AlIC
combined 3-year PFS 3-year OS 3-year PFS 3-year OS 3-year PFS 3-year OS
MTV, age, stage, iPET 0.16 0.17 0.72 0.75 3,177.44 2,165.59
response (ASUV )
MTV, age, Dmax;,, IPET 0.18 0.12 0.74 0.77 3,140.36 2,146.41
response (ASUV )
MTV, age, Dmax,,,, IPET 0.15 0.15 0.71 0.75 3,182.96 2,176.31

response (DS 1-3 vs. 4-5)

AIC: Akaike information criterion; Dmax, ,: maximum distance between the largest lesion and the lesion furthest away; DS: Deauville Score;
ECOG: Eastern Cooperative Oncology Group; EN: extranodal involvement >1 site; IMPI: International Metabolic Prognostic Index; iPET: interim
positron emission tomography; IPI: International Prognostic Index; LDH: lactate dehydrogenase; MTV: metabolic tumor volume; OS: overall
survival; PET: positron emission tomograpy; PFS: progression-free survival; SUV__,: peak standardized uptake value; ASUVmax: delta maximum

standardized uptake value.
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Figure 1. Kaplan-Meier curves displaying progression-free survival according to different risk models based on risk groups com-
prising 60% (low risk), 30% (intermediate risk), and 10% (high risk) of patients. Combining baseline metabolic tumor volume,
age and the maximum distance between the largest lesion and the lesion furthest away (Dmax, ) with interim positron emission
tomography (iPET) response to a baseline-iPET model improves risk prediction in diffuse large B-cell lymphoma resulting in a
wider segregation of Kaplan-Meier curves compared to the International Metabolic Prognostic index (IMPI) and the baseline Clin-
icalPET model with respect to progression-free survival.
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Figure 2. Kaplan-Meier curves displaying overall survival according to different risk models based on risk groups comprising 60%
(low risk), 30% (intermediate risk), and 10% (high risk) of patients. Combining baseline metabolic tumor volume, age and the
maximum distance between the largest lesion and the lesion furthest away (Dmax, ) with interim positron emission tomography
(iPET) response to a baseline-iPET model improves risk prediction in diffuse large B-cell lymphoma resulting in a wider segrega-
tion of Kaplan-Meier curves compared to the International Metabolic Prognostic index (IMPI) and the baseline ClinicalPET model

with respect to overall survival.

and 10% for 3-year OS, as well as 20.8% for 3-year PFS and
30% compared to the IPI, respectively (Table 5). Moreover,
detection of primary refractory patients was more pre-
cise according to our new model compared to the other
risk prediction models, with a survival rate of 44% for the
high-risk group according to our baseline-iPET model and
59% of the high-risk group according to the IMPI (Online
Supplementary Table S4).

For a rapid risk estimation, a PFS calculator is provided
in the Online Supplementary Appendix, including patient
examples.

Step 5 — Cross-validation of models

Internal validation based on the ‘leave-one-study-out’ ap-
proach confirmed our findings and further supported supe-
riority of our new baseline-iPET model compared to the IMPI
and the ClinicalPET model (Online Supplementary Table S5).
The ‘leave-one-study-out’ cross-validation of the final model
showed a calibration slope value of 0.97, which showed that
the model is robust against overfitting across application in
different cohorts. Notably, only the HOVON84 trial performed
the iPET scan after cycle 4, while all others performed iPET
scan after cycle 2. Thus, we were not able to validate our
findings using different time points for iPET assessment.

Discussion

We present a dynamic risk assessment tool that enables
individualized risk prediction for patients with DLBCL, by

combining baseline clinical and PET parameters with inter-
im PET response performed during immunochemotherapy
based on R-CHOP.

In our analyses, we aimed to assess whether risk prediction
could be further improved by combining iPET response with
the best baseline model. ASUV__ was superior to visual
DS1-3 versus 4-5 for response. The important addition of
this compared to previous work is both the independence
of baseline features and interim response and their additive
prognostic value. This places our model in the unique situ-
ation where interim response is not evaluated in isolation,
but rather in the context of the baseline disease-burden
characteristics. Combining the best baseline model with
interim PET response improved the ability to identify pa-
tients at high risk of disease progression and early death,
outperforming baseline IPI, baseline IMPI and the baseline
ClinicalPET model. The baseline-iPET model improved cor-
rect risk re-classification rates by 22% compared to the
IMPI, 21% compared to the IPlI and 9% compared to the
ClinicalPET model. Superiority in detecting the primary
10% refractory patients may allow for an early treatment
switch for patients who are very likely to fail front-line
immunochemotherapy.

In line with previous findings*'®25 and notably, the time
point of iPET response assessment was important in this
setting. Patients with a ASUV__ reduction of >66% after iP-
ET-2 had a comparable outcome to patients with a ASUV__
reduction >70% after iPET-4)" However, as iPET-4 was only
performed in one of the five studies we were not able to
further deepen our analyses. Though the additive predictive
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Table 5. Net reclassification displaying the rate of correct progression risk classification of our baseline-iPET model compared to
the International Metabolic Prognostic Index, the ClinicalPET model and the International Prognostic Index.

Baseline-iPET model, versus IMPI
Estimates (95% CI)
3-year PFS 3-year OS

Net reclassification
index (event)
Net reclassification
index (no event)
Net reclassification
index (total)

0.14 (0.03-0.24)  0.13 (0.01-0.24)

0.08 (0.04-0.13) 0.03 (-0.01-0.07)

0.22 (0.12-0.31)  0.16 (0.06-0.26)

Baseline-iPET model, versus
ClinicalPET model, Estimates (95% CI)

3-year PFS

0.04 (-0.11-0.15)
0.06 (0.01-0.12)

0.09 (-0.03-0.20)

Baseline-iPET model, versus IPI
Estimates (95% CI)

3-year OS 3-year PFS 3-year OS

0.09 (-0.02-0.18)  0.06 (-0.05-0.50)  0.29 (0.05-0.45)

0.02 (-0.03-0.04)  0.15 (-0.11-0.25) 0.01 (-0.06-0.23)

0.10 (0.01-0.192)  0.21 (0.09-0.48)  0.30 (0.19-0.43)

95% Cl: 95% confidence interval; IMPI: International Metabolic Prognostic Index; iPET: interim positron emission tomography; IPI: Internation-

al Prognostic Index; PFS: progression-free survival; OS: overall survival.

value of iPET response to baseline parameters has been
reported before,®'®?¢ this is the first study incorporating
ASUV__ as a continuous instead of dichotomous variable.
The best baseline model in our analysis incorporated age,
MTV and Dmax, ., all used as continuous variables. Beside
age, no other IPI factors contributed further additive pre-
dictive value at baseline, supporting the assumption that
more than one extranodal involvement, LDH and ECOG act
as surrogates for tumor burden, which can be better as-
sessed using MTV. Unlike the IMPI,? stage was not included
in our best baseline model, but replaced by Dmax, , as new
radiomic feature, which is defined as maximum distance
between the lymphoma lesion with the largest volume and
the lesion furthest apart from it. Thus, Dmax, , may better
reflect the spread of lymphoma than stage and be an in-
dependent risk factor for lymphoma burden, as previously
suggested.5”

Strengths of our study are the large patient population
from five high quality clinical trials, all with quality as-
sured baseline PET scans and uniform assessment of MTV
using the same segmentation method of SUV4. Using the
‘leave-one-study-out’ approach we were able to support
our findings by internal validation. A PFS calculator for
rapid and individualized risk estimation is provided in
the Online Supplementary Appendix. However, whilst uni-
form treatment with R-CHOP is in principle a strength,
making data more comparable, patients at higher risk of
treatment failure (defined as IPI score 3-5) are nowadays
recommended to be treated with Pola-R-CHP based on
findings of the POLARIX-trial.?2 This is a limitation, as risk
prediction rates may vary in the setting of new treatment
protocols, requiring further analysis. Other limitations are
that neither assessment of MTV nor the assessment of
Dmax, , has yet been standardized. There are different
methods for MTV determination, including methods using
relative or fixed thresholds. However, approaches for MTV
standardization are advanced, with good inter-reader re-
producibility using SUV4 as fixed threshold, as performed
in our analyses.?-%°

Nevertheless, data on interobserver reproducibility of

Dmax, , are still lacking; here, a consensus for a standard-
ized assessment is urgently needed before this radiomic
feature can be integrated into clinical routine.

We also did not include information on genetic risk profiles,
that may have additional prognostic value in this setting.
Lastly, before translation into clinical routine, our proposed
risk model needs an external validation in a prospective
clinical trial. This validation should also include a Pola-
R-CHP treated cohort and may be set up in a risk-based
treatment protocol incorporating an early access to chi-
meric antigen receptor T-cell therapies or use of bispecific
antibodies for patients likely to fail front-line therapy in
order to directly test for outcome improvements.

In conclusion, age, MTV and Dmax, , as baseline features
combined with quantitative iPET response resulted in a
dynamic and individualized risk prediction identifying pa-
tients at good, intermediate and poor risk. While patients
at good risk may be suitable for treatment de-escalation,
patients at high risk may benefit from alternative treatments
by adding or switching to bispecific antibodies or chimeric
antigen receptor T-cell therapies. Prospective validation of
our risk assessment model, including validation in a Pola-
R-CHP treated cohort, is needed before translation into
clinical routine.
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