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ABSTRACT

While most patients with follicular lymphoma (FL) have excellent outcomes with frontline chemoimmunotherapy (CIT), a subset of patients
will experience early progression, which is associated with poor subsequent outcomes. Novel biomarkers are needed to identify high-
risk patients earlier. We hypothesized that interim positron emission tomography (PET) would predict progression-free survival (PFS)
in this population. We retrospectively identified 128 patients with grade 1-3A FL who had an interim PET after 2—4 cycles of frontline
CIT at 2 academic centers. PET scans were analyzed using Deauville score (DS) and change in maximum standardized uptake value
(ASUVmMax). Interim PET DS was a significant predictor of PFS (P < 0.003). Patients with a DS of 3 had outcomes similar to those of
patients with a DS of 4, so were categorized as PET-positive for additional analyses. Interim PET remained a strong predictor of PFS (DS
3-5, hazard ratio [HR] 2.4, P = 0.006) in a multivariable analysis and was also an early predictor of both a positive end-of-treatment PET
(P < 0.001) and progression of disease within 24 months (POD24) (P = 0.006). An optimal ASUVmax cutoff of 75% was selected using
the bootstrap method. ASUVmax <75% was also a significant predictor of PFS on univariable and multivariable analyses (HR 2.8, P <
0.003). In a separate cohort of 50 patients with high-grade FL, interim PET interpreted using either DS (P < 0.001) or ASUVmax75% (P
=0.034) was also a significant predictor of inferior PFS. In conclusion, interim PET is an independent predictor of PFS and may be useful

as a tool for response-adapted treatment strategies in FL.

'Division of Hematologic Malignancies, Dana-Farber Cancer Institute, Boston,
MA, USA

?Molecular Imaging and Therapy Service, Memorial Sloan Kettering Cancer
Center, New York, NY, USA

SDepartment of Data Sciences, Dana-Farber Cancer Institute, Boston, MA, USA
“Lymphoma Service, Department of Medicine, Memorial Sloan Kettering Cancer
Center, New York, NY and Weill Cornell Medicine, New York, NY, USA
5Department of Imaging, Dana-Farber Cancer Institute/Department of Radiology,
Brigham and Women'’s Hospital, Boston, MA, USA

Division of Hematology and Oncology, Hospital of the University of Pennsylvania
’Medical College of Wisconsin, Milwaukee, WI, USA

8Divisions of Hematology and Medical Oncology, Beth Israel Deaconess Medical
Center, Boston, MA, USA

RWM and LM have contributed equally to this work.

Supplemental digital content is available for this article.

Copyright © 2023 the Author(s). Published by Wolters Kluwer Health, Inc.

on behalf of the European Hematology Association. This is an open-access
article distributed under the terms of the Creative Commons Attribution-Non
Commercial-No Derivatives License 4.0 (CCBY-NC-ND), where it is permissible
to download and share the work provided it is properly cited. The work cannot be
changed in any way or used commercially without permission from the journal.
HemaSphere (2023) 7:2(e826).
http.//dx.doi.org/10.1097/HS9.0000000000000826.

Received: August 10, 2022 / Accepted: December 5, 2022

INTRODUCTION

While most patients with follicular lymphoma (FL) have
excellent outcomes with frontline chemoimmunotherapy
(CIT), a subset of patients will experience early progression,
which is associated with poor subsequent outcomes."? Clinical
(FLIPI, FLIPI2, PRIMA-PI)** and clinicobiologic (m7FLIPI,
BioFLIPI)®” prognostic tools used prior to treatment initi-
ation do not currently allow prospective identification of
patients likely to have early progression, at least for patients
receiving bendamustine-based CIT.® Other prognostic tools
(PRIMA23, T effector cell signature) suggest that distinct bio-
logic predictors may be needed for individual chemotherapy
backbones.!®!! Earlier identification of patients with high-risk
FL could allow for earlier change in therapy and for investi-
gation of novel treatments with the goal of forestalling early
progression.

Among patients with FL, fluoro-["*F]-deoxy-2-D-glucose
(FDG) positron emission tomography (PET) performed at
the end of CIT induction can identify patients at significantly
higher risk of relapse'?; however, such patients have already
been exposed to the full course of CIT. If interim FDG-PET
were similarly prognostic, it would permit earlier identifica-
tion of patients likely to have a poor outcome and potentially
an earlier change in therapy. To date, the prognostic impact of
interim PET in FL has not been clearly established, unlike in
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other lymphomas such as classical Hodgkin lymphoma (cHL)
or diffuse large B-cell lymphoma (DLBCL)."*'7 In FL, studies
examining the prognostic value of interim PET scans have come
to differing conclusions with some suggesting that a positive
interim PET is associated with inferior PFS,'®!"” and others con-
cluding that interim PET scans are not prognostic.2*2? Nearly all
these studies used older PET response criteria (eg, International
Harmonization Project [IHP] criteria) and all were limited by
small sample size. The Deauville scoring (DS) system is the cur-
rent standard for PET response assessment in FL and quantita-
tive criteria, such as ASUVmax, have demonstrated the ability to
identify the highest risk patients in other lymphoma subtypes.
We hypothesized that an interim PET scan (interpreted using DS
or ASUVmax) could identify a subset of patients with FL with a
high risk of relapse following frontline CIT.

METHODS

Patients

Patients were retrospectively identified at Dana-Farber
Cancer Institute (DFCI) and Memorial Sloan-Kettering Cancer
Center (MSKCC). Eligible patients met the following criteria:
diagnosis of grade 1-3B FL (with a primary analysis restricted
to patients with FL 1-3A and a separate analysis for patients
with high-grade FL), initiation of first-line CIT between January
1, 2005, and March 1, 2019, performance of an interim PET
scan after 2 to 4 cycles of CIT, and PET imaging available for
review. Prior radiation (given with either palliative or curative
intent) was permitted. Eligible patients were identified using
pharmacy and PET databases at participating centers. Baseline
characteristics, treatment information, and cancer-related out-
comes were collected by review of electronic medical records.
The study was approved by Institutional Review Boards at both
centers and the requirement for informed consent was waived
for this retrospective study. All research was conducted in accor-
dance with the Declaration of Helsinki.

Analysis of PET

Interim PET scans and (when available) baseline and end-of-
treatment (EOT) PET scans were reviewed by expert nuclear
medicine radiologists (H], MR, HS, LM, HP) blinded to patient
outcomes. Interim and EOT PET scan were assigned a DS of
1-5 according to the definitions in the Lugano classification.?
Visual assessment with SUVmax of tumor versus blood pool or
liver was used to aid the analysis in borderline cases. SUVmax
of the most FDG-avid FL lesion was recorded on each PET
scan. For PET scans with no areas of increased FDG uptake
(eg, DS of 1), SUVmax was recorded as 1. ASUVmax was cal-
culated by dividing the difference in SUVmax between the base-
line and interim PET scans by the SUVmax of the baseline PET
scan. To examine the inter-reader variability of DS assignments,
PET scans of patients treated at DFCI were reviewed and DS
assigned independently by 3 nuclear medicine radiologists (HJ,
HP, MR). Cases with >1 discordant DS were re-reviewed in a
joint reading session and a consensus DS assigned. In all cases,
consensus was reached, and the consensus score was used for
all analyses.

Statistics

PFS and overall survival (OS) were estimated using the
Kaplan—-Meier (KM) method with Greenwood’s formula for
variance estimation, and differences in survival between groups
were assessed using the log-rank test. PFS was defined as the
time from initiation of CIT to death from any cause, relapse, or
progression, with patients censored at the last time seen alive
and progression-free. OS was defined as the time from initia-
tion of CIT to death from any cause, with patients censored at
the last time seen alive. Median follow-up time was estimated
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using the reverse KM method. Descriptive statistics were used
to summarize variables of interest, and association with binary
outcomes were assessed with Wilcoxon rank-sum, Fisher exact,
or Cochran-Armitage tests for continuous, nominal, or ordinal
variables, respectively. Uni- and multivariable Cox regressions
were used to evaluate associations between prognostic fac-
tors and PFS or OS. The final Cox model was selected using a
penalized maximum likelihood model (LASSO), and a k-fold
cross-validation was performed to select a subset of the pre-
dictive variables. Finally, a stepwise forward/backward model
selection by Akaike information criterion was used to determine
the predictive variables for inclusion in the model. Hazard ratios
(HRs), 95% confidence intervals (Cls), and Wald P values were
reported for covariates. Recursive partitioning was performed
to establish a cut point for ASUVmax to distinguish patients
by superior and inferior PFS outcomes. This was repeated for
10,000 iterations using bootstrap resampling, and the median
of the 10,000 cut points was assessed in the Cox regressions.
Baseline, interim, and EOT PET results were each assessed by
three independent reviewers, and the inter-rater agreement was
evaluated for each time point using the Fleiss kappa statistic. All
analyses were performed using R v4.0.2 with packages survival
(v3.2-11) for time-to-event analyses and irr (v0.84.1) for inter-
rater agreement statistics.

RESULTS

Baseline characteristics

Baseline characteristics of the 128 patients with grade 1-3A
FL are summarized in Table 1. The median age at diagnosis was
55 years (range 27-83). One-hundred patients (78 %) had grade
1-2 FL and 28 (22%) had grade 3A. Most patients (84 %) had
advanced stage disease and 14% had B symptoms at diagno-
sis. Low, intermediate, and high FLIPI scores were observed for
27%, 41%, and 32% of patients, respectively. Most patients
were treated with either RCHOP (rituximab, cyclophosphamide,
doxorubicin, vincristine, prednisone) (50%) or BR (bendamus-
tine, rituximab) (44%). Five patients (4%) received radiation
before systemic therapy.

One-hundred twenty one patients (95%) patients received 6
or more cycles of CIT, while 7 patients (5%) received only 4
cycles due to: cytopenias (n = 3), infectious complications (n =
1), physician decision (n = 1), progression (which occurred after
the interim PET but before completion of 6 cycles of CIT), and
patient decision (n = 1). An interim PET scan was performed
after 2 cycles for 16 patients (12%), 3 cycles for 106 patients
(83%), and 4 cycles for 6 patients (5%). In all cases, patients
received at least 1 additional cycle of CIT after their interim PET
scan, confirming that treatment was not changed based on the
interim PET scan result. Following CIT, 5 patients (4 %) received
consolidative radiation therapy (RT) and 40 (31%) received
maintenance rituximab (median: 10 doses, range 1-24).

Compared to patients in the DFCI cohort, those in the
MSKCC cohort were more likely to receive RCHOP (P <
0.001), have a high FLIPI score (P < 0.037), have bulkier dis-
ease (P = 0.021), and have a higher baseline SUVmax (P =
0.002). Performance of an interim PET after 2 cycles was more
common in the MSKCC cohort (26% vs 7%), while perfor-
mance of an interim PET after 3 cycles was more common in
the DFCI cohort (89% vs 68%).

PET analysis (DS and ASUVmax)

DSs for interim and EOT PET scans are summarized in
Table 2. For interim PET scans, a DS of 1, 2, 3, 4, and 5 were
assigned to 13 patients (10%), 77 patients (60%), 16 patients
(12%), 19 patients (15%), and 3 patients (2%), respectively.
Patients in the DFCI cohort were more likely to have a DS 1-2
on interim PET compared to the MSKCC cohort (77% vs 52%,
P = 0.006). A DS of 1-2 was more common when an interim
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Center
Total DFCI MSKCC
n =128 (%) n =90 (70) n = 38 (30) Pvalue

Age at diagnosis

Median (range) 55 (27-83) 55 (27-82) 56 (35-83) 0.52
Sex

Female 62 (48) 40 (44) 22 (58) 0.18
Grade

1-2 100 (78) 73 (81) 27 (71) 0.24

3a 28 (22) 17 ( 11 (29
Stage

1 7(5) 5(6) 2(5) 0.35°

2 14 (11) 11(12) 3(8)

3 36 (28) 27 (30) 9 (24)

4 71 (55) 47 (52) 24 (63)
B symptoms

Yes 18 (14) 14 (16) 4(11) 0.58
FLIPI score

Low (0-1) 35 (27) 29 (32 6 (16) 0.037

Intermediate (2) 52 (41) 38 (42) 14 (37)

High (3-5) 41(32) 23 (26) 18 (47)
Maximum disease bulk (cm)

Median (range) 7.90 (2.04-21.04) 7.30 (2.20-19.10) 9.41 (2.04-21.04) 0.021
Baseline SUVmax

Median (range) 12.80 (1.30-51.35) 11.50 (1.30-27.40) 15.92 (6.23-51.35) 0.002
Radiation treatment before systemic therapy

Yes 5 (4) 5(6) - 0.32

No 123 (96) 85 (94) 38 (100)
Immunochemotherapy regimen

RCHOP 64 (50) 37 (41) 27 (71) <0.001°

BR 56 (44) 49 (54) 7(18)

RCVP 32 1(1) 2(5)

Other? 5(4) 31 2(5)
Interim PET after

2 16 (12) 6(7) 10 (26) 0.017°

3 106 (83) 80 (89) 26 (68)

4 6(5) 4(4) 2(5)
Consolidative radiation therapy after immunochemotherapy

Yes 5(4) 22 3(8) 0.15°
Received rituximab maintenance

Yes 40 (31) 26 (29) 14 (37) 0.41°
Doses of rituximab maintenance

Median (range) 10 (1-24) 11 (1-13) 9 (1-24) 0.54

4Nilcoxon rank-sum test.

“Fisher exact test.

Cochran-Armitage test.

“Other regimens included: BO (n = 2), RCHOP->RCDOP (n = 1), RCHP (n = 1), and FCR (n = 1).

BR = bendamustine, rituximab; DFCI = Dana-Farber Cancer Institute; MSKCC = Memorial Sloan-Kettering Cancer Center; PET = positron emission tomography; RCHOP = rituximab, cyclophosphamide, doxoru-

bicin, vincristine, prednisone; SUVmax = maximum standardized uptake value.

PET was performed after more cycles of CIT (44% after 2
cycles, 74% after 3 cycles, and 83% after 4 cycles).

An EOT PET scan was available for review for 112 patients
(88%). All 16 patients without an available EOT PET had a DS
of 1-3 on interim PET and 13 (81%) underwent repeat imag-
ing after completing CIT using another imaging modality (CT,
n = 12; MRIL n = 1). All 13 patients were in a remission on
their EOT assessment (12 CR, 1 PR). Among patients with an
available EOT PET, DS of 1, 2, 3, 4, and 5 were assigned to 23
patients (21%), 67 patients (60%), 8 patients (7%), 6 patients
(5%), and 8 patients (7%), respectively.

To assess inter-reader variability of DS score assignments,
PET scans of patients in the DFCI cohort were independently
assessed by 3 readers. The probability that 2 random readers

agreed on the five-point DS of a random PET scan was higher
for baseline PET scans (84%) (kappa = 0.60) compared to
interim (53%) (kappa 0.30) or EOT PET scans (52%) (kappa
0.33). Using a 3-group categorization (D1-2 vs D3—4 vs DS),
concordance was 84% for baseline PET (kappa 0.60), 65% for
interim PET (kappa 0.40), and 79% for EOT PET (kappa 0.48).

ASUVmax could be calculated for 107 patients who had an
available baseline PET for review. The median SUVmax was
12.8 (range 1.3-51.4) at baseline and 2.0 (range 0.5-19.5) on
interim PET. The median ASUVmax of 82.1% for the entire
cohort and was similar for patients treated at DFCI (81.2%)
and MSKCC (84.4%). ASUVmax increased when an iPET was
obtained after more cycles of CIT (median 78.4% after 2 cycles,
83.2% after 3 cycles, 90.9% after 4 cycles).
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Deauville Score for Interim and End-of-treatment PET Scans

Interim PET DS DFCI MSKCC Combined
1 3(3%) 10 (26%) 13( 0%)
2 67 (74%) 10 (26%) 77 (60%)
3 7 (8%) 9 (24%) 16 (12%)
4 12 (13%) 7 (18%) 19 (15%)
5 1(1%) 2 (5%) 3(2%)
EQT PET DS

1 12 (13%) 11 (29%) 23 (18%)
2 63 (70%) 4 (11%) 67 (52%)
3 4 (4%) 4 (11%) 8 (6%)
4 2 (2%) 4 (11%) 6 (5%)
5 4 (4%) 4 (11%) 8 (6%)
Unavailable for review 5 (6%) 11 (29%) 16 (12%)

Patients in the DFCI cohort were more likely to have a DS 1-2 on interim PET compared to the
MSKCC cohort (77% vs 52%, P = 0.006) and on EOT PET (83% vs 40%, P < 0.001).

DFCI = Dana-Farber Cancer Institute; DS = Deauville score; EOT = end-of-treatment; MSKCC
= Memorial Sloan-Kettering Cancer Center; PET = positron emission tomography; SUVmax =
maximum standardized uptake value.

Prognostic value of interim and EOT PET scans

With a median follow-up of 59 months (range 5-221), the
S-year PFS and OS were 60% (95% CI 52%-71%) and 93%
(95% CI 88%-98%), respectively. Forty-four patients relapsed
and 41 underwent a confirmatory biopsy which revealed FL
for 33 patients, DLBCL for 7 patients, and cHL for 1 patient.
Twenty-five had progression of disease within 24 months of CIT
(POD24), whereas 19 patients relapsed more than 24 months
after CIT.

Interim PET DS was a significant predictor of PFS (P = 0.003
for 5 categories) (Figure 1A). PFS curves were overlapping
for patients with an interim PET DS of 1 and 2, and also for
patients with an interim PET DS of 3 and 4, so patients with a
DS of 3 were categorized as PET-positive for subsequent analy-
ses (Figure 1B). Compared to patients with an interim PET DS
of 1-2, patients with a DS of 3—4 (HR 2.0, P = 0.026) or a DS of
5 (HR 9.5, P = 0.003) had inferior PFS. A pattern of inferior PFS
was seen for patients with a positive interim PET (interpreted
using DS) across key patient subgroups (i.e. treatment center,
baseline SUVmax, chemotherapy regimen), but the association
did not reach significance across all patient subgroups (Suppl.
Figure S1). Interim PET (interpreted using DS) was not associ-
ated with OS (P = 0.60) (Figure 2A).

ASUVmax (calculated between baseline and interim PET
scans) was also a significant predictor of PFS. Patients with a
ASUVmax <82% (the median value in this cohort) had 5-year
PFES of 47% (95% CI 33%-68%) compared to 75% (95% CI
63%-88%) for patients with a ASUVmax > 82% (HR 2.2, P
= 0.017). A ASUVmax cutoff of 75% was selected by a recur-
sive partitioning univariable PFS model with bootstrap res-
ampling. Patients with a ASUVmax <75% had 5-year PFS of
38% (95% CI 22%-66%) compared to 71% (95% CI 60%-
83%) for patients with a ASUVmax > 75% (HR 3.2, P < 0.001)
(Figure 1C). Neither ASUVmax75% (P = 0.55) (Figure 2B) nor
ASUVmax82% (P = 0.90) showed a significant association with
OS.

EOT PET DS was a significant predictor of PES (P < 0.001 for
5 categories). The 8 patients with a DS of 3 on EOT PET had
favorable outcomes (Suppl. Figure S2), so were grouped with DS
1-2 patients (similar to previously published EOT PET analy-
ses).'” Compared to patients with an EOT PET DS of 1-3, those
with a DS of 4-5 had inferior PFS (HR 2.6, P = 0.002). A pos-
itive EOT PET was observed more frequently among patients
with an interim PET DS of 3—4 (10/30 patients; 33%) or a DS
of 5 (2/3 patients, 67%) compared to those with an interim PET
DS of 1-2 (2/79 patients; 3%) (P < 0.001). Both interim PET
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and EOT PET were significant predictors of POD24. Among
patients with sufficient follow-up to determine POD24 status,
rates of POD24 were 15% (10/66), 36% (10/28), and 100%
(3/3) for patients with an interim PET DS of 1-2, 3-4, and 3,
respectively (P = 0.006). POD24 was seen in 62% (9/14) of
patients with a positive (DS 4-5) EOT PET versus 16% (13/82)
with a negative (DS 1-3) EOT PET (P < 0.001).

Multivariable analyses

In a multivariable analysis including key clinical variables
(FLIPI score, CIT regimen, maintenance rituximab, bulk, age,
sex, grade, and baseline SUVmax), an interim PET DS of 3-5
(HR 2.4, P = 0.006) remained a significant predictor of PFS.
In addition, a high baseline FLIPI score was associated with a
trend toward inferior PFS (HR 1.7, P = 0.076) and maintenance
rituximab was associated with a trend toward improved PFS
(HR 0.5, P = 0.070) (Table 3). ASUV75% was also a significant
predictor of PFS (HR 2.8, P = 0.003) in a similar multivariable
analysis (Suppl. Table S1). When EOT PET was included as a
variable in the multivariable analyses, EOT PET was a signif-
icant predictor, but interim PET (assessed using either DS or
ASUV) was not, suggesting that interim PET functions primarily
as an earlier (but not independent) indicator of chemotherapy
resistance. In addition, we identified an interaction between
interim PET status and maintenance rituximab. Maintenance
rituximab was associated with a significant PFS benefit among
interim PET-positive (DS 3-5) patients (HR 0.34, P = 0.031),
but not interim PET-negative (DS 1-2) patients (HR 0.86, P =
0.74). To account for patients with progression on their EOT
PET (who would be unlikely to receive maintenance rituximab),
we repeated the analysis among patients with a positive interim
PET and a negative EOT PET (n=21) and found a consistent
trend toward improved PFS among patients receiving mainte-
nance rituximab (HR 0.22, P = 0.061) (Suppl. Figure S3).

Interim PET assessed using either DS (P = 0.37) or
ASUVmax75% (P = 0.73) was not a significant predictor of OS
on multivariable analyses (Suppl. Tables S2 and S3).

High-grade FL cohort

Clinical data and PET images were also analyzed for 50
patients with high-grade FL, but these patients were evaluated
separately due to key treatment differences in this patient pop-
ulation. Baseline characteristics are summarized in Suppl. Table
S4. The median age at diagnosis was 60 years (range 26-86).
Thirty-three patients (66%) had grade 3B, 12 patients (24%)
had grade 3 NOS, and grade was unknown in 5 patients (10%).
Most patients (78 %) had advanced stage disease. Low, interme-
diate, and high FLIPI scores were observed for 26 %, 36 %, and
38% of patients, respectively. Nearly, all patients were treated
with RCHOP (94 %). Deauville scores for interim and EOT PET
scans are summarized in Suppl. Table SS.

With a median follow-up of 77 months (range 9-184), the
5-year PFS and OS for this cohort were 66 % (95% CI 53%-83%)
and 83% (95% CI 71%-96%), respectively. Ten patients relapsed,
including 6 with POD24. In this cohort of patients, interim PET
was also a significant predictor of PFS when interpreted using
either DS or deltaSUV75%. Compared to patients with an interim
PET DS of 1-2, patients with a DS of 3-5 (HR 7.5, P < 0.001)
had inferior PFS. Similarly, patients with a ASUVmax <75% had
inferior PFS compared to those with a ASUVmax = 75% (HR
3.2, P = 0.034) (Figure 3). Interim PET scans interpreted using
DS (P < 0.001) was associated with inferior OS, while there was a
trend toward inferior OS for patients with a positive interim PET
interpreted ASUVmax75% (P = 0.11).

DISCUSSION

To our knowledge, this multicenter study is the largest anal-
ysis to date of the prognostic value of interim PET scans in the
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Figure 1. PFS according to interim PET, assessed using (A) DS 5 categories, (B) DS 1-2 vs 3-4 vs 5, (C) ASUVmax 75% among patients with grade
1-3A follicular lymphoma. DS = Deauville score; PET = positron emission tomography; PFS = progression-free survival; SUVmax = maximum standardized uptake value.

frontline therapy of FL and suggests that an interim PET scan
is a useful predictor of early treatment failure. Indeed, in this
cohort, a DS of 3-5 on an interim PET scan (observed in ~30%
of grade 1-3A FL patients) could identify patients who were
more likely to have residual FDG-avid disease on an EOT PET
scan and early treatment failure. Only 15% of patients with a
DS of 1-2 on an interim PET scan had POD24 compared to
36% for patients with a DS of 3-4 and 100% for patients with
a DS of 5. These results suggest that an interim PET scan could
be studied as a tool to develop response-adapted treatment
strategies in FL, as has been done in cHL.'*'* When similar DS
categories are merged, our analysis of inter-reader variability
demonstrates moderate reproducibility among nuclear medicine
radiologists, which is similar to prior studies assessing interim

PET scans in other lymphoma subtypes, including cHL**** and
DLBCL.?* Slightly more inter-reader variability was seen in
interpretation of interim PET scans (kappa 0.40) in our study
compared to EOT PET scans in our study (kappa 0.48) or in
the GALLIUM EOT PET analysis (kappa 0.49), suggesting that
the benefits of an earlier response assessment may need to be
weighed against slightly lower reproducibility.

Immune-based therapies (eg, CAR T cell therapy, bispecific
antibodies, etc) would be an attractive alternative for interim
PET-positive patients who are likely to do poorly with che-
motherapy-based treatments. Outside of a clinical trial, our
results suggests that it may be particularly advantageous to use
maintenance rituximab among patients with a positive interim
PET. While acknowledging the potential for selection bias, we
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Figure 2. OS according to interim PET scan, assessed using (A) DS 1-2 vs 34 vs 5, (B) ASUVmax 75% among patients with grade 1-3A follicular
lymphoma. 0S = overall survival; PET = positron emission tomography; SUVmax = maximum standardized uptake value.

Multivariable Analyses for PFS

Univariable  Univariable Multivariable
HR Pvalue HR Pvalue

Interim PET DS

1-2

3-5 2.1 0.010 24 0.0061
FLIPI high 20 0.020 1.7 0.076
CIT regimen

RCHOP

BR 1.3 0.35

Other 1.4 0.54
Maintenance rituximab 0.7 0.22 0.5 0.070
Bulk (~8cm) 1.1 0.72
Age (10-yr inc) 1.1 0.43
Male 1.6 0.10
Baseline SUVmax

SUVmax < 13 0.6 0.19

SUVmax >13

BR = bendamustine, rituximab; CIT = chemoimmunotherapy; DS = Deauville score; HR = hazard ratio;
PET = positron emission tomography; PFS = progression-free survival; RCHOP = rituximab, cyclophos-
phamide, doxorubicin, vincristine, prednisone; SUVmax = maximum standardized uptake value.

observed a significant improvement in PFS for interim PET-
positive patients who received maintenance rituximab (such
that their outcomes were similar to those of patients with a
negative interim PET). These results are in contrast to the pro-
spective, response-adapted FOLL12 trial which found a benefit
for rituximab maintenance even among low-risk patients who
achieved a CR on an EOT PET and had no minimal residual
disease after completing induction.?”

Interestingly, our results suggest that the interpretation of
interim PET scans in FL may be different compared to other
lymphoma subtypes and even possibly different compared to
that of EOT scans in FL. Large studies examining the prognos-
tic value of EOT PET scans using DS in FL defined a positive
result as a DS of 4-5 and reported significantly worse outcomes
for PET-positive patients; however, outcomes of patients with
a DS of 3 on EOT PET are not reported separately.'>?® In our
study, patients who had a DS of 3 on an interim PET scan had
outcomes that were similar to patients with a DS of 4 and worse

than those with a DS of 1-2. This finding, which is based on
a relatively small number of DS 3 interim PET scans (n = 16),
would benefit from validation in subsequent studies. This appar-
ent difference could reflect the lower starting SUVmax of FL
lesions, which may impart a worse prognosis for residual FDG
avidity above that of the mediastinum.

While DS is the recommended scale for PET assessment in
lymphoma, it is possible that more objective methods could
improve reproducibility. To our knowledge, this is the first
study to assess ASUVmax for the evaluation of interim PET in
FL. Even though FL is characterized by lower baseline SUVs
compared to DLBCL, ASUVmax was also a significant predic-
tor of PFS in our study. Using a bootstrap method, we identified
75% as an optimal ASUVmax cutoff in our cohort. This cut-
off is more stringent than the most common threshold (66%)
used among DLBCL patients receiving frontline CIT,'”**3° and
together with the DS analysis, suggests that “deeper” metabolic
remissions may be necessary for FL patients to achieve the
most favorable outcomes. We found ASUVmax could identify
high-risk patients even among those with only moderate FDG
uptake on baseline PET scans; however, this assessment tool
has a limited value for the very small number of FL patients
who have an SUVmax of less than 4 on baseline PET (n =2 in
this study), in whom it was not possible to achieve a ASUVmax
>75% given the minimum SUV of 1 used in our study. The
optimal threshold of ASUVmax 75% should also be validated
in future studies.

Our study has several important limitations. While the study
population reflects the clinical heterogeneity of FL, it may not
be representative of the general population of patients with
FL. Interim PET scans were not performed universally at the
two participating centers, but instead were acquired based on
insurance coverage and physician preference. It is possible that
patients with high-risk features either at baseline or during treat-
ment were more likely to be selected for evaluation by an interim
PET scan. Even so, we found that an interim PET scan remains
a significant predictor of PFS for both low- and high-grade FL.
We acknowledge other important sources of heterogeneity in
our study cohorts, including use of rituximab maintenance, gen-
eration of PET scanner used, and timing of interim PET. Most
patients had an interim PET scan after 3 cycles of CIT, how-
ever a subset of patients had interim scans after either 2 or 4
cycles. The prognostic value of interim PET scan appeared to be
similar for these patients. Finally, we included a smaller cohort
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Figure 3. PFS according to interim PET, assessed using (A) DS 1-2 vs 3-4 vs 5 and (B) ASUVmax 75% among patients with high-grade follicular
lymphoma. DS = Deauville score; PET = positron emission tomography; PFS = progression-free survival; SUVmax = maximum standardized uptake value.

of patients with high-grade FL, who were analyzed separately.
In this cohort, we found a similar prognostic value for interim
PET scans, but given the small number of patients, these results
should be interpreted with caution.

In conclusion, an interim PET scan appears to be a useful bio-
marker for patients with FL receiving frontline CIT. A DS of 3-5
on an interim PET is an independent predictor of inferior PFS.
Moreover, in this cohort, a positive interim PET could predict
early progression, while providing response-driven prognostic
information earlier in a patient’s treatment course. These results
suggest that interim PET should be investigated as a tool for
response-adapted treatment strategies in FL.
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