ARTICLE - Cell Therapy & Immunotherapy

Consolidative radiotherapy for residual
fluorodeoxyglucose activity on day +30 post CAR T-cell
therapy in non-Hodgkin lymphoma

Omran Saifi, William G. Breen,? Scott C. Lester,? William G. Rule,® Bradley J. Stish,? Allison
Rosenthal,* Javier Munoz,* Yi Lin,>® Radhika Bansal,® Matthew A. Hathcock,>” Patrick B.
Johnston,® Stephen M. Ansell,® Jonas Paludo,® Arushi Khurana,® Jose C Villasboas,® Yucai
Wang,’ Madiha Igbal,2 Muhamad Alhaj Moustafa,® Hemant S. Murthy,® Mohamed A. Kharfan-

Correspondence: B. S. Hoppe
hoppe.bradford@mayo.edu

Received: April 9, 2023.
Dabaja,® Jennifer L. Peterson’ and Bradford S. Hoppe' Accepted: June 1, 2023.
Early view: June 15, 2023.

'Department of Radiation Oncology, Mayo Clinic Jacksonville, Jacksonville, FL; 2Department
of Radiation Oncology, Mayo Clinic Rochester, Rochester, MN; *Department of Radiation
Oncology, Mayo Clinic Phoenix, Phoenix, AZ; *Division of Hematology and Medical Oncology,
Mayo Clinic Phoenix, Phoenix, AZ; ®Division of Hematology, Mayo Clinic Rochester,
Rochester, MN; ®Division of Experimental Pathology, Mayo Clinic Rochester, Rochester, MN;
"Department of Biostatistics, Mayo Clinic Rochester, Rochester, MN and ®Division of
Hematology and Medical Oncology, Mayo Clinic Jacksonville, Jacksonville, FL, USA

https://doi.org/10.3324/haematol.2023.283311

©2023 Ferrata Storti Foundation

Published under a CC BY-NC license

Abstract

Majority of non-Hodgkin lymphoma (NHL) patients who achieve partial response (PR) or stable disease (SD) to CAR T-cell
therapy (CAR T) on day +30 progress and only 30% achieve spontaneous complete response (CR). This study is the first
to evaluate the role of consolidative radiotherapy (cRT) for residual fluorodeoxyglucose (FDG) activity on day +30 post-
CAR T in NHL. We retrospectively reviewed 61 patients with NHL who received CAR T and achieved PR or SD on day +30.
Progression-free survival (PFS), overall survival (0S), and local relapse-free survival (LRFS) were assessed from CAR T
infusion. cRT was defined as comprehensive - treated all FDG-avid sites - or focal. Following day +30 positron emission
tomography scan, 45 patients were observed and 16 received cRT. Fifteen (33%) observed patients achieved spontaneous
CR, and 27 (60%) progressed with all relapses involving initial sites of residual FDG activity. Ten (63%) cRT patients
achieved CR, and four (25%) progressed with no relapses in the irradiated sites. The 2-year LRFS was 100% in the cRT
sites and 31% in the observed sites (P<0.001). The 2-year PFS was 73% and 37% (P=0.025) and the 2-year OS was 78% and
43% (P=0.12) in the cRT and observation groups, respectively. Patients receiving comprehensive cRT (n=13) had superior 2-
year PFS (83% vs. 37%; P=0.008) and 2-year OS (86% vs. 43%; P=0.047) compared to observed or focal cRT patients (n=48).
NHL patients with residual FDG activity following CAR T are at high risk of local progression. cRT for residual FDG activity
on day +30 post-CAR T appears to alter the pattern of relapse and improve LRFS and PFS.

with most patients experiencing disease progression, spe-
cifically those with Deauville score (DS) 4-5.”" Only 20% to

Introduction

Aggressive relapsed and/or refractory (r/r) BOcell non-
Hodgkin lymphoma (NHL) remains a significant thera-
peutic challenge with poor outcomes. Anti-CD19-directed
chimeric antigen receptor T-cell therapies (CAR T) are ap-
proved for treatment of r/r B-cell NHL, specifically large
B-cell lymphoma, mantle cell lymphoma and follicular
lymphoma. CAR T has demonstrated an objective re-
sponse rate of 46% to 86%, and complete response rate
of 28% to 66% for refractory large B-cell subtype.”>* How-
ever, sustained CAR T efficacy is limited, with durable
complete response (CR) rates of approximately 40%."¢ Fur-
thermore, up to 30% of NHL patients achieve a partial re-
sponse (PR) or stable disease (SD) to CAR T on day +30,

30% of PR/SD patients achieve spontaneous CR by day
+90 without additional therapies.' Patients who progress
post-CAR T have poor overall survival (0S).2 Therefore, in-
novative consolidative strategies for this population are
needed to augment disease control and prevent relapses.
There is compelling rationale to consider consolidative
radiotherapy (cRT) for postOCAR T disease. Patients who
receive CAR T usually have purported chemoresistant but
radiosensitive disease.® The predominant pattern of re-
lapse of NHL following CAR T involves a local com-
ponent.”™ Consolidative RT to initial bulky sites,
extranodal sites, and residual fluorodeoxyglucose (FDG)-
avid disease has long proven to improve outcomes in pa-
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tients with aggressive NHL.">'* Similarly, RT improves out-
comes when offered as part of the peri-autologous stem
cell transplant regimen, specifically for patients with
bulky disease, limited sites of relapse, or partially re-
sponded disease.®™ RT has promising outcomes in the
peri-CAR T settings as a bridging strategy. It helps control
the disease during the CAR T manufacturing period, im-
prove rates of CAR T infusion, and possibly augment local
control.®?°2 |n the salvage setting, RT has recently shown
to improve survival outcomes for limited relapsed NHL
post autologous stem cell transplant and CAR T.'8:24.2

To date, no data exist on the optimal management of pa-
tients with residual FDG activity on day +30 post-CAR T.
This study is the first to report on the role of consolidative
RT for residual FDG activity (DS 4-5) on day +30 post-CAR
T in B-cell NHL.

Methods

Following Institutional Review Board approval, records of
consecutive patients diagnosed with r/r B-cell NHL who
received CAR T and achieved PR or SD on day +30 were
retrospectively studied across three institutions between
2018 and 2022. This study was conducted in accordance
with the Declaration of Helsinki and Good Clinical Practice
guidelines.

Ann Arbor staging system was used to define the number
of involved/FDG-avid lymph node sites. Residual activity
(RA) corresponded to patients with PR or SD who had
FDG-avid (DS 4-5) sites on day +30. Only patients with <4
RA sites on day +30 post-CAR T were included. This
number is based on a previous publication that defined
post-CAR T limited relapsed disease.®

Bridging therapy (systemic or radiation) was defined as
treatment administered between leukapheresis and lym-
phodepleting chemotherapy. Remote radiotherapy was
defined as RT administered >30 days from CAR T infusion.
Consolidative systemic therapy was defined as chemo/im-
muno/transplant therapy administered following day +30
post-CAR T for RA. cRT was defined as RT delivered fol-
lowing day +30 post-CAR T for RA. Comprehensive cRT
was defined as treating all residual FDG-avid sites ident-
ified on day +30. Focal cRT was defined in cases where
not all residual FDG-avid sites were treated. RT was at the
discretion of the treating physician and consisted of posi-
tron emission tomography (PET)-directed residual site
radiotherapy (PD-RSRT) or involved site radiotherapy
(ISRT). RT-related toxicities were graded prospectively per
the Common Terminology Criteria for Adverse Events ver-
sion 5 (CTCAE v.5). The RT equivalent 2 Gy dose was cal-
culated based on an o/ ratio of 10.

Following the management approach on day +30, re-
sponse to treatment was assessed on day +90-100 with a
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PET/computed tomography (PET/CT) scan using the Lu-
gano criteria.?® Subsequent imaging were performed for
assessment of response or lack thereof. CR was defined
as a DS of 1-3, PR/SD were defined as a DS of 4-5 with
absence of disease progression, and progression of dis-
ease (PD) was defined as a DS of 4-5 following a CR/PR.
Local response of individual RA sites was assessed based
on careful review of the location of RA sites identified on
day +30 PET/CT scan and their response on subsequent
imaging.

Statistical analysis was performed using IBM SPSS 28.0
software. Continuous data were reported as medians and
ranges. Categorical data were reported as frequencies and
percentages. Comparisons of different characteristics be-
tween the two groups were done using X? and Fisher’s
exact tests. The non-parametric independent samples
median test was used to compare median values between
two groups. Progression-free survival (PFS), overall sur-
vival (0S), and local relapse-free survival (LRFS) were es-
timated by Kaplan-Meier survival curves. Survival
differences were assessed by the log-rank test. All re-
ported P values were two-sided, and differences were
considered statistically significant at P<0.05.

The median follow-up period was calculated from the CAR
T infusion date to the last documented follow-up visit.
LRFS was calculated based on the total number of RA sites
and was defined from CAR T infusion to local relapse (LR)
in the RA site identified on day +30. PFS was defined from
CAR T infusion to any local/distant disease progression. OS
was defined from CART infusion to death.

Results

Management approach on day +30 post-CAR T

Sixty-eight patients were identified with B-cell NHL who
achieved PR or SD to CAR T with residual FDG activity on
day +30 between 2018 and 2022. Among those, 61 patients
had <4 residual FDG-avid sites and met our inclusion
criteria, and seven patients had =5 residual FDG-avid sites
and were excluded. Only one patient had biopsy proven
persistent disease and the rest were unbiopsied and clas-
sified as having RA based on radiological assessment. Fol-
lowing day +30 PET/CT scan, 45 patients with RA were
observed and 16 received cRT. Only one patient received
consolidative systemic therapy (polatuzumab vedotin
combined with bendamustine and rituximab) and be-
longed to the cRT group. The median follow-up from CAR
T infusion was 21 months for the entire cohort.

Baseline characteristics

The median age of the cohort was 62 (range, 18-85) years,
and the maximum number of residual FDG-avid sites per
patient identified on day +30 post-CART was three. There
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Table 1. Pre-CAR T and day +30 post-CAR T baseline characteristics.
Management on day +30 post-CAR T
. _ Consolidative Total
A B radiotherapy (N=16) (N=61) P
Baseline characteristics at time of CAR T infusion
Age in years
Median (range) 62 (18-82) 61 (33-85) 62 (18-85) 0.49
Sex, N (°/o)
Female 13 (28.9) 5(31.3) 18 (29.5) 0.86
Male 32 (71.1) 11 (68.7) (70.5) '
Histology, N (%)
DLBCL 39 (86.7) 14 (87.5) 53 (86.9)
FL 0 (0) 1(6.3) 1(1.6)
HGBCL 5(11.1) 0 (0) 5(8.2) 0.1
MCL 0 (0) 1(6.3) 1(1.6)
PMBCL 1(2.2) 0 (0) 1(1.6)
Disease stage, N (%)
Advanced 17 (37.8) 9 (56.3) 26 (42.6) 0.2
Limited 28 (62.2) 7 (43.8) 35 (57.4) '
Extranodal involvement, N (%)
No 29 (64.4) 7 (43.8) 36 (59.0) 015
Yes 16 (35.6) 9 (56.3) 25 (41.0) '
Previous lines of therapy, N
Median (range) 2(1-4) 2(1-7) 2(1-7) 0.47
Biggest tumor size, cm
Median (range) 7.3 (1.1-20) 4.5 (2-17.1) 6.8 (1.1-20) 0.21
Highest SUV,,.x
Median (range) 17.6 (3.2-42.2 17.5 (2.7-38.1) 17.6 (2.7-42.2) 0.51
LDH level, mU/mL
Median (range) 232 (127-669) 218 (150-470) 228 (127-669) 0.2
CRP level, mg/L
Median (range) 11.6 (1-160.9) 12.55 (1-75.1) 11.6 (1-160.9) 0.95
Bridging chemotherapy, N (%)
No 30 (66.7) 12 (75) (68.9) 054
Yes 15 (33.3) 4 (25) 19 (31.1) '
Bridging radiotherapy, N (%)
No 36 (80) 12 (75) (78.7) 068
Yes 9 (20) 4 (25) 13 (21.3) '
Baseline characteristics on day +30 post-CAR T
# Residual FDG-avid sites, N
Median (range) 1(1-3) 2 (1-3) 1(1-3) 0.007
RA site size, cm
Median (range) 2.6 (0.7-16) 1.8 (0.5-14) 2 (0.5-16) 0.054
RA site SUV .
Median (range) 5.1 (2.4-38.2) 5.2 (2.0-32.0) 5.1 (2.0-38.2) 0.77
RA site SUV,5>10, N (%)
No (76.6) 20 (74.1) 69 (75.8) 08
Yes 15 (23.4) 7 (25.9) 22 (24.2) '
Deauville score, N (%)
4 36 (80) 14 (87.5) 50 (82) 05
5 9 (20) 2 (12.5) 11 (18) '
LDH level, mU/mL
Median (range) 205 (141-623) 194.5 (144-436) 200 (141-623) 0.28
CRP level, mg/L
Median (range) 2.9 (1-163.7) 1 (1-14.5) 1.95 (1-163.7) 0.58

CAR T: anti-CD19-directed chimeric antigen receptor T-cell therapy; DLBCL: diffuse large B-cell lymphoma; FL: follicular lymphoma; HGBCL.:

high grade B-cell lymphoma; MCL: mantle cell lymphoma; PMBCL: primary mediastinal B-cell lymphoma; SUV,,,,; maximum standardized
uptake volume; LDH: lactate dehydrogenase; CRP: C-reactive protein; FDG: fluorodeoxyglucose; RA: residual activity.
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were no significant differences in the pre-CAR T baseline neck (n=5), pelvis (n=4), skeleton (n=3) and mediasti-
characteristics between patients who received cRT and num/thorax (n=2). The median size and SUV__ of the ir-
those who did not. Prior to CAR T, bridging RT was given radiated sites with residual activity were 2.5 (range,
to 13 patients (9 in observation group and 4 in cRT group) 0.5-14) cm, and 5.2 (range, 2-32), respectively. Six resid-
and bridging chemotherapy was given to 19 patients (15in ual FDG-avid sites consolidated with cRT were extra-
observation group and 4 in cRT group). The residual FDG- nodal (skeleton n=3, soft tissue/muscles n=1, colon n=1,
avid sites on day +30 were radiation-naive in 48 patients lung n=1). The median time between CART infusion and
(34 in observation group and 14 in cRT group), received re- cRT initiation was 57 (range, 31-118) days. cRT was de-
mote RT in four patients (3 in observation group and 1in livered through 3-dimentional (n=6), IMRT (n=9), or pro-
cRT group), and received bridging RT in nine patients (8 in ton therapy (n=1) techniques. Thirteen patients were
observation group and 1in cRT group). There were no sig- treated with PD-RSRT and three with ISRT. Comprehen-
nificant differences in the day +30 baseline character- sive cRT was given to 13 patients and focal cRT was given
istics, including the median size and maximum to three patients. The number of residual FDG-avid sites
standardized uptake volume (SUV,,.,) of the residual FDG- in the comprehensive cRT patients ranged between one
avid sites, between the two groups. However, the median and three with all sites receiving cRT to a median EQD2
number of residual FDG-avid sites on day +30 was higher dose of 39.1 Gy. The number of residual FDG-avid sites in
in the cRT group (2 vs. 1; P=0.007). Further baseline dis- the focal cRT patients ranged between two and three
ease specific, patient specific, and treatment specific with only one site per patient receiving cRT. Focal cRT

characteristics are listed in Table 1. was delivered to a definitive dose of 240 Gy EQD2 in two
patients and to a palliative dose of 12 Gy EQD2 in one
Consolidative radiotherapy patient. The unirradiated residual FDG-avid sites in the

The median equivalent 2 Gy (EQD2) dose for cRT was 39.1 focal cRT patients did not receive prior remote or bridg-
(interquartile range [IQR], 39.1-40) Gy, and the most com- ing RT. One patient received cRT (proton SBRT 39 Gy in 3
mon cRT regimen was 37.5 Gy in 15 fractions. The target fractions) to a site with residual activity that was pre-
sites included the abdomen (n=8), axilla (n=5), head and viously irradiated in the bridging setting (37.5 Gy in 10

Table 2. Baseline and radiation treatment characteristics of patients consolidated with radiotherapy.

Patient Local
Number _. Number .
of Disease of FDG- Number RT Sites ultimate recurrenc
Patient 2 stage Day +30 . Type of RT overall RTin-field einthe .
previous avid . . dose . response . Progression
lines of Pre- response .. of cRT irradiate (Gy) fractions to cRT TesPonse recurrence residual
thera CART dav +30 d sites to CART FDG-avid
Py y and cRT site(s)
1 3 Advanced PR 2 Focal 1 30 5 CR PD No Yes Yes
2 7 Advanced PR 3 Focal 1 8 1 CR PD No Yes Yes
3 2 Advanced SD 2 Focal 1 50 20 PR PR No No No
4 2 Limited SD 1 Comp 1 45 18 CR CR No No No
5 2 Limited PR 1 Comp 1 39 3 CR CR No No No
6 2 Limited PR 2 Comp 2 40 20 CR CR No No No
7 4 Advanced PR 3 Comp 3 37.5 15 CR CR No No No
8 2 Advanced PR 3 Comp 3 40 20 CR CR No No No
9 3 Limited SD 2 Comp 2 20 10 PR PR No No No
10 3 Limited SD 1 Comp 1 8 2 CR CR No No No
11 2 Limited PR 1 Comp 1 20 5 CR CR No No No
12 1 Limited PR 2 Comp 2 44 25 CR CR No No No
13 2 Advanced PR 2 Comp 2 44 22 CR CR No No No
14 2 Advanced PR 2 Comp 2 37.5 15 CR PD No No Yes
15 2 Advanced PR 3 Comp 3 37.5 15 CR PD No No Yes
16 1 Advanced PR 1 Comp 1 30 5 CR CR No No No

CAR T: anti-CD19-directed chimeric antigen receptor T-cell therapy; PR: partial response; SD: stable disease; CR: complete response; PD:
progression of disease; FDG: fluorodeoxyglucose; cRT: consolidative radiotherapy; comp: comprehensive; RT: radiotherapy; Gy: Gray.
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fractions). Nine patients had grade zero, three patients
had grade 1 (fatigue, pharyngitis, xerostomia), and four
patients had grade 2 (fatigue, pharyngitis/esophagitis,
xerostomia, nausea, diarrhea, dermatitis) RT-related
toxicities. There were no grade 3 or higher RT-related
toxicities in this cohort. None of the patients developed
a flare of cytokine release syndrome following cRT. De-
tailed description of the 16 cRT patients is provided in
Table 2.

Local response

A total of 91 sites with RA were identified on day +30
post-CAR T; 64 were observed and 27 received cRT. Sus-
tained CR was achieved in 14 (22%) observed sites with-

0. Saifi et al.

out additional therapies compared to 24 (92%) sites con-
solidated with RT (P<0.001). Forty-two (66%) observed
sites experienced LR, while no cRT sites relapsed
(P<0.001). The 2-year LRFS was 100% in the cRT sites and
31% in the observed sites (P<0.001) (Figure 1). Fifteen dis-
ease sites (11 in observation group and 4 in cRT group)
corresponding to 13 patients received bridging RT prior
to CART. Only three (20%) bridged sites (3 in observation
group and 0 in cRT group) corresponding to three pa-
tients experienced local relapse in the bridging radiation
field. Among the aforementioned BRT sites, nine (8 in ob-
servation group and 1 in cRT group) were identified on
day +30 with RA, and three (33%) experienced disease
progression.

10 RA site consolidated
' with radiotherapy
=1 1No
= =i 1Yes
2 08 —}— No-censored
g —4— Yes-censored
2 P <0.001
.f‘?’ 0.6
Q
(3]
c
o
3 04
(]
(1’4
©
3
-1 0.2
0.0
0 12 24 36 48 60
Number at risk Time (months)
Consolidative RT 27 15 2 1 0
Observation 64 13 6 5 1 0

Figure 1. Local recurrence-free survival by receipt of consolidative radiation to individual sites. RA: residual activity; RT: radio-

therapy.

Table 3. Disease progression stratified by the number of sites with residual fluorodeoxyglucose activity and management

approach on day +30 post-CAR T.

Number of sites with residual activity on Management approach on
day +30 post-CAR T

day +30 post-CAR T

(N) (N)

One site with residual activity (38 patients)

RT (5)
Two sites with residual activity (13 patients) Observation (6)

RT (7)
Three sites with residual activity (10 patients) ObseF;EI/_a(t:;n (6)

Observation (33)

Disease progression

N (%) P
17 (51.5)

000) 0.031

5 (83)

> (o) 0.048

5 (83)

> teo) 0.26

CAR T: anti-CD19-directed chimeric antigen receptor T-cell therapy; RT: radiotherapy.
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Patients’ outcomes and pattern of relapse

Among the observed patients, 15 (33%) achieved spon-
taneous CR without additional therapies with two of 15
subsequently relapsing, five (11%) remained with PR/SD,
and 27 (60%) experienced disease progression with all
relapses involving the original sites of residual activity.
Among patients who received cRT, ten (63%) achieved
CR, two (12%) achieved a PR, and four (25%) had disease

0. Saifi et al.

progression with no relapses in the irradiated sites. The
relapses (n=2) in the comprehensive cRT patients were
out-of-field and involved new sites that were not present
on day +30. The relapses (n=2) in the focal cRT patients
involved the original sites with RA that were present on
day +30 but did not get irradiated. None of the ten cRT
patients achieving CR relapsed or required subsequent
therapies. The effect of cRT was most prominent in pa-

Management approach on
1.0 day +30 post-CAR T
=I ¥ Observation
= 1 Consolidative RT
_ 08 ~}=— Observation-censored
S P— —}— Consolidative RT-censored
<
=]
(7]
o 06
o P =0.025
b
[ =
0
()
n 04
e
o
2
o
0.2
0.0
0 12 24 36 48 60
Number at risk Time (months)
Consolidative RT 16 7 1 1 0
Observation 45 12 6 5 1 0

Figure 2. Progression-free survival by management approach on day +30. CAR T: anti-CD19-directed chimeric antigen receptor

T-cell therapy; RT: radiotherapy.

Management approach on day
1.0 +30 post-CART
=i Observation
=& 1 Consolidative RT
0.8 == Observation-censored
—}— Consolidative RT-censored
®
2
S 06
=1
n
©
$ 04
(o)
0.2
0.0
0 12 24 36 48 60
Number at risk Time (months)
Consolidative RT 16 8 2 1 0
Observation 45 33 1 5 1 0

Figure 3. Overall survival by management approach on day +30. CAR T: anti-CD19-directed chimeric antigen receptor T-cell ther-

apy; RT: radiotherapy.
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tients with <2 residual FDG-avid sites on day +30, es-
pecially in those with only one FDG-avid site post-CAR T
(Table 3).

The 2-year PFS was 73% in the cRT group and 37% in the
observation group (P=0.025) (Figure 2). The 2-year OS
was 78% in the cRT group and 43% in the observation

0. Saifi et al.

group (P=0.12) (Figure 3). Patients consolidated with
comprehensive cRT to all residual FDG-avid sites (n=13)
had superior 2-year PFS (83% vs. 37%; P=0.008) (Figure
4) and 2-year OS (86% vs. 43%; P=0.047) (Figure 5) com-
pared to those who were observed or received focal cRT
to some but not all residual FDG-avid sites (n=48).

Comprehensive
1.0 Consolidative RT
=1 No
i1 Yes
_ 08 == No-censored
S —— Yes-censored
2
o -
D 06 P =0.008
o
b
| o=
2
(7]
n 04
e
<)
<
o
0.2
0.0
0 12 24 36 48 60
Number at risk Time (months)
Comp cRT 13 7 1 1 0
No comp cRT 48 12 6 5 1 0

Figure 4. Progression-free survival by receipt of comprehensive consolidative radiotherapy. Comp: comprehensive; cRT: con-

solidative radiotherapy.

Comprehensive
1.0 Consolidative RT
- No
=I1Yes
0.8 ~4= No-censored
=4 Yes-censored
©
2
S 06
=
7]
©
g 04
o
0.2
0.0
0 12 24 36 48 60
Number at risk Time (months)
Comp cRT 13 6 1 1 0
No comp cRT 48 24 12 5 2 0

Figure 5. Overall survival by receipt of comprehensive consolidative radiotherapy. Comp: comprehensive; cRT: consolidative

radiotherapy.
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Discussion

This study is the first to report on the role of consolidative
radiotherapy for residual FDG activity on day +30 post-
CART in B-cell NHL. Despite the small sample size and
relatively short follow-up period, patients with residual
activity who received cRT had significantly better out-
comes with minimal added toxicity compared to those
who were observed on day +30 post-CAR T. In our cohort,
patients who achieved a PR or SD to CAR T on day +30
and were observed, had a high risk of disease progression
with a predominant localized pattern of relapse. However,
cRT following day +30 altered the pattern of relapse, as
evident with the absence of relapses in the irradiated
FDG-avid sites. Such alteration in the pattern of relapse
resulted in a local recurrence-free survival benefit which
translated to an improvement in PFS. Such PFS benefit is
promising and may result in an encouraging OS when all
residual FDG-avid sites are consolidated with radiother-
apy (comprehensive cRT).

The current most likely adopted management approach
for patients with residual activity/disease on day +30
post-CAR T is observation. This is based on the ZUMA-1
trial findings that showed a 20% to 30% conversion rate
of PR/SD to CR without additional therapies,’ which co-
incides with the spontaneous conversion rate (33%) seen
in our cohort. Thus, the ZUMA-1 trial concluded that it
would be reasonable to monitor PR/SD patients to allow
for an opportunity for an improved response, since con-
solidation with allogenic stem cell transplantation comes
with a high rate of treatment-related death and would ab-
late CAR T cells.! Yet, this recommendation ignores the
fact that 70% to 80% of PR/SD patients will likely progress
and that cRT can be an effective and minimally toxic con-
solidative treatment option, as we have shown in this
study. This is further supported by Kuhnl et al. who
showed that patients with a DS of 4-5 on day +30 have a
high risk of relapse and shorter duration of response
which calls for risk-adaptive treatment approaches for
these patients to prevent/delay progression.’

The utility of cRT can be further supported by understand-
ing the pattern of relapse of NHL following CAR T. Previous
studies have shown >85% of post-CAR T relapses involve
a local component® Such pattern of local relapse is more
evident in those who achieve a PR/SD to CAR T, as 100%
of the relapses in our observed cohort involved the sites
with RA that were originally present prior to CAR T. The
local relapse component has also been significantly pres-
ent but to a lesser extent (40-60%) in the frontline setting
as evident by multiple seminal studies that established
the standard of care for NHL.?"-%° This might suggest an
increase in localized chemorefractory disease in the r/r
setting following multiple lines of therapies, where per-
sistent gross disease, not ablated by initial therapies, may
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be less responsive to new systemic treatments and more
likely to relapse. This calls for local therapies to augment
local control in the r/r setting, and intriguingly, none of the
radiated FDG-avid sites in our cohort relapsed.

The role of local therapy becomes more noticeable and
valuable as we move forward in understanding and defin-
ing oligometastatic lymphoma. This can be inferred from
the improved outcomes seen with stereotactic body
radiotherapy (SBRT) when offered as a consolidative local
therapy for oligometastatic solid malignancies.®32 Our
study included only patients with <4 residual FDG-avid
sites based on a previous publication,” and not based on
any evidence-base for the utility/benefit of RT. That study
suggested comprehensive RT to be feasible for <4 lym-
phoma disease sites with improvement in survival met-
rics'™, and thus formed the basis to our inclusion criteria.
From an oligometastatic standpoint, the impact of cRT in
our cohort was mostly evident in patients with <2 residual
FDG-avid sites, especially in those with only one site on
day +30 post-CAR T (Table 3). While acknowledging the li-
mited number of patients with >2 FDG-avid sites (n=10)
in our study, the tumor burden, and the decreased feasi-
bility of comprehensive cRT with increasing number of
FDG-avid sites, one might consider adding consolidative
systemic therapy to cRT for patients who have multiple
sites of RA on day +30 post-CAR T. Furthermore, it is im-
portant to acknowledge that patients with one residual
FDG-avid site have less tumor burden and will fall under
the comprehensive cRT subcohort by default if they re-
ceive cRT. This may limit comparisons between focal and
comprehensive cRT subgroups if tumor burden is not ac-
counted for. Moreover, it was noted in our study (Table 3)
that cRT was more likely to be offered to patients with >1
RA site, as the perception for 1 RA site is perhaps to re-
solve spontaneously. Intriguingly, 51.5% of patients with 1
RA site who were observed relapsed. All relapses had a
local component and involved the same RA site identified
on day +30, rationalizing the use of local therapy, such as
RT, that showed to be effective for these patients in our
study.

Radiation has long proven to be a successful and effective
consolidative treatment for aggressive NHL in the frontline
and r/r setting. As part of a combined modality therapy in
the upfront setting, consolidative radiotherapy improves
outcomes compared to chemotherapy alone.?®23 This is
mostly evident in patients with bulky disease,>** extra-
nodal involvement,* and residual partially responded dis-
ease.’*3% Compellingly, patients with PR who receive cRT
have comparable survival outcomes to those who achieve
CR to systemic therapy.®*-*" In the r/r setting, peri-trans-
plant RT augments local control and improves outcomes
when offered as a consolidative therapy pre- or post-stem
cell transplant.8-45 For limited relapsed (1 site) post-
transplant disease, salvage RT improves OS compared to
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salvage chemotherapy.?* Studies supporting the utility of
RT in the peri-CAR T setting are more limited but have
promising outcomes. RT was mostly studied in the bridg-
ing setting prior to CAR T and has shown to be safe and
effective in controlling the disease during the manufac-
turing period with favorable local control rates that can
augment the efficacy of CAR T.0181921-2346 More recently, it
was shown that comprehensive salvage RT for limited (<4
disease sites) post-CAR T relapsed disease improves sur-
vival,’®?5 supporting the utility of RT for oligoprogressive
post-CAR T lymphoma. However, no studies investigated
the utility of RT as a consolidative therapy following CAR
T for residual non-progressive disease. Given the afore-
mentioned reasons, RT was adopted in the participating
institutions as a consolidative management approach on
day +30 post-CAR T, with very favorable outcomes as re-
ported in the results section.

Utilizing RT in the bridging pre-CAR T or consolidative
post-CAR T setting remains inconclusive. Eleven (24%) pa-
tients in our observation group received prior RT (3 remote
RT and eight bridging RT) which might have precluded
them from getting additional consolidative radiation on
day +30, contemplating the optimal timing of peri-CAR T
radiotherapy. However, four (25%) patients in our cRT co-
hort received bridging RT prior to CAR T, suggesting the
feasibility of administering RT pre- and post-CAR T if
needed. This was more achievable if the residual FDG-avid
sites on day +30 were not radiated in the bridging or re-
mote setting.

Some concerns arise on whether an early administration
of RT on day +30 may have an impact on circulating CAR
T cells. There are no data yet to support or refute this ar-
gument, however, the favorable outcomes of our cohort
suggest the safety of cRT with no obvious detrimental ef-
fect on CART. Animal studies have shown radiation to in-
crease the efficacy of CART and perhaps induce and
abscopal-like effect.*° A recent study showed a plausible
synergistic effect of RT with CAR T, and there may be an
optimal timing to deliver RT during peri-CAR T."® Plausibly,
RT when administered approximately 30 days following
CAR T, may sensitize and reactivate CAR T cells. Studies
investigating the impact of RT on circulating CAR T cells
and released cytokines are needed.

This study is limited by its retrospective nature and the
relatively small sample size, especially in the cRT cohort.
RT was delivered at the discretion of the treating radiation
oncologist with no standardized dosing and fractionation
regimens. There were no clear indications for referring pa-
tients to receive cRT and the decision was at the discre-
tion of the treating hematologist. Furthermore, the
majority of patients (98%) did not get a biopsy to confirm
the FDG-avidity is actually reflective of persistent lym-
phoma, and, therefore, it would not be possible to tell
how many patients had true persistent disease versus in-
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flammatory changes in both cohorts. Some patients with
RA may spontaneously convert to CR, either due to the
resolution of FDG-avid inflammatory changes, or due to
the continued activity of CAR T cells against residual lym-
phoma. In these particular scenarios, which are difficult
to identify/quantify, the addition of radiation may seem
to be unnecessary. Therefore, identifying patients with RA
at risk of progression is important to select the right man-
agement approach, and this was mostly based on clinical
and radiological assessment in our study. Studies sug-
gested that patients with SUV,,,,>10 on day +30,%° and DS
of 4-5"have higher risk of progression, and, therefore, may
be used as parameters to identify patients who may
benefit from consolidative treatments. Nonetheless, the
detrimental outcome of post-CAR T relapses calls for
maximal utility of upfront peri-CAR T treatments, and
consolidative radiotherapy appeared to be highly effective
and minimally toxic in our cohort. Also, it is important to
acknowledge the short follow-up period in cRT cohort, as
evident in the Kaplan-Meier curves, given the recent
adoption of this management approach by the participat-
ing institutions. Longer follow-up is needed to confirm the
response durability to cRT. Finally, despite the absence of
significant differences in baseline characteristics between
both cohorts, there might be other unaccounted con-
founding factors

Conclusion

Patients with B-cell NHL who achieve PR or SD by PET to
CAR T are at high risk of local progression. cRT for residual
FDG activity on day +30 post-CAR T appears to alter the
pattern of relapse and improve local recurrence-free sur-
vival and PFS. Comprehensive cRT further improves PFS
and results in promising overall survival outcomes. An
equivalent 2 Gy dose of 39-40 Gy seems sufficient to pro-
vide excellent local control with low toxicity. Longer fol-
low-up and larger multicenter prospective studies are
needed to confirm our findings.
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