ARTICLE - Cell Therapy & Immunotherapy

Safety and efficacy of bridging radiation therapy prior to
CD19 CART for non-Hodgkin lymphoma: a systematic
review and meta-analysis

Mohammad Alhomoud,'?* Rahma lbrahim,** Michelle Demetres,* Kai Rejeski,”* Michael

Scordo,"?® Roni Shouval,? Tobias Tix,* Jeremie Martinet,”® Michelle Foley,® Alexandra Gomez- Correspondence: M. Alhomoud

Arteaga,” Tsiporah Shore,” Paul Pagnini,°® Mahmoud Aljurf," Monica L. Guzman,’ Silvia alhomom@mskec.org

Formenti,° Joachim Yahalom,? Koen van Besien,® Brandon S. Imber,* Zhengming Chen™# and Received: February 8, 2025.
Accepted: July 1, 2025.

TH#
Samuel Yamshon Early view:  July 10, 2025.

'Adult Bone Marrow Transplant Service, Department of Medicine, Memorial Sloan Kettering https://doi.org/10.3324/haematol.2025.287547
Cancer Center, New York, NY, USA; Department of Medicine, Weill Cornell Medical College, ©2026 Ferrata Storti Foundation
New York, NY, USA; *Weill Cornell Medical College, New York, NY, USA; *Samuel J. Wood Published under a CC BY-NC license

Library & CV. Starr Biomedical Information Center, Weill Cornell Medicine, New York, NY,
USA; °Department of Medicine Il — Hematology/Oncology, LMU University Hospital, LMU
Munich, Munich, Germany; éCellular Therapy Service, Department of Medicine, Memorial
Sloan Kettering Cancer Center, New York, NY, USA; "Division of Hematology and Oncology,
Weill Cornell Medicine, New York, NY, USA; 8Department of Immunology and Biotherapy,
Rouen University Hospital, Rouen, France; °Section of Pediatric Hematology and Oncology,
Department of Pediatrics, Yale, New Haven, CT, USA; Department of Radiation Oncology,
Weill Cornell Medical College, New York, NY, USA; "King Faisal Specialist Hospital & Research
Center, Riyadh, Saudi Arabia; ?Department of Radiation Oncology, Memorial Sloan Kettering
Cancer Center, New York, NY, USA; ®University Hospitals, Seidman Cancer Center and Case
Comprehensive Cancer Center, Cleveland, OH, USA and “Division of Biostatistics,

Department of Population Health Sciences, Weill Cornell Medicine, New York, NY, USA

“MALh and RI contributed equally as first authors.

#BSI, ZC and SY contributed equally as senior authors.



Supplementary Figure 1
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Supplementary Figure 1: Publication bias was analyzed by funnel plots. P-values for funnel plot asymmetry were derived from Egger tests.




Supplementary Figure 2

CRS all-grade
Study Events Total Weight IV, Random, 95% CI IV, Random, 95% CI
Hubbeling et al 23 32 10.8% 0.710[0.539;0.856] —B——
Ladbury et al 12 12 9.2% 1.000[0.861; 1.000] —8
Lutfi et al 14 14 9.5% 1.000[0.881; 1.000] —=
Wright et al 2 5 7.2% 0.400[0.018;0.862] —
Fan et al 14 20 10.1% 0.700[0.478;0.884] —
van Meerten et al 14 14 9.5% 1.000[0.881;1.000] . —
Manzar et al 17 51 11.2% 0.333[0.209; 0.469] e :
Saifi et al C 41 48 11.1% 0.850 [0.733; 0.939] — =
Ababneh et al 19 28 10.6% 0.679[0.493;0.841] ——
Bramanati et al 26 31 10.7% 0.833[0.679;0.947] —5
Total (95% Cl) 255 100.0% 0.800 [0.630; 0.931] e

Heterogeneity: Tau® = 0.0676; Chi® = 70.57, df = 9 (P < 0.01); I> = 87%
0 02 04 06 08

Proportion
ICANS all-grade

Study Events Total Weight IV, Random, 95% CI IV, Random, 95% CI
Hubbeling et al 6 32 11.8% 0.200[0.077;0.359] —f—
Ladbury et al 5 12 10.6% 0.417[0.149;0.710] —
Lutfi et al 14 14 10.9% 1.000 [0.881; 1.000] —_
Wright et al 1 5 8.7% 0.200 [0.000; 0.675] -
Fan et al 6 20 11.4% 0.316[0.127;0.539] —_—
van Meerten et al 8 14 10.9% 0.570[0.300;0.821] : -
Saifi et al C 17 48 12.1% 0.350 [0.220; 0.491] —B—
Ababneh et al 13 28 11.7% 0.464[0.281;0.652] —,—
Bramanati et al 1 31 11.8% 0.033[0.000;0.135] — :
Total (95% Cl) 204 100.0% 0.394 [0.183; 0.626] =

| I | I
0 0.2 0.4 0.6 0.8
Proportion

Heterogeneity: Tau? = 0.0982; Chi® = 67.83, df = 8 (P < 0.01); I = 88%

Supplementary Figure 2:

Forest plots of all-grade cytokine release syndrome (CRS) and immune effector cell-
associated neurotoxicity syndrome (ICANS) among patients included in the meta-
analysis. IV, inverse variance.



Supplementary Figure 3

Neutropenia grade 3/4

Study Events Total Weight IV, Random, 95% CI IV, Random, 95% CI
Hubbeling et al 0 32 26.6% 0.000[0.000;0.053] 1 :

Roddie et al 12 54 27.7% 0.226[0.123;0.348] ——

Wright et al 0 5 18.1% 0.000 [0.000; 0.317] l———

Manzar et al 21 51 27.6% 0.419[0.286; 0.558] e

Total (95% CI) 142 100.0% 0.126 [0.000; 0.391] .——-

Heterogeneity: Tau? = 0.0733; Chi® = 32.15, df = 3 (P < 0.01); I = 91% I J J |
0O 02 04 06 08 1

Proportion
Anemia grade 3/4
Study Events Total Weight IV, Random, 95% CI IV, Random, 95% ClI
Hubbeling et al 4 32 39.8% 0.110[0.021;0.246] —.—
Wright et al 0 5 12.9% 0.000 [0.000;0.317] l—-—
Manzar et al 13 51 47.3% 0.256 [0.144; 0.386] ——
Total (95% CI) 88 100.0% 0.142[0.033;0.293] -~

Heterogeneity: Tau? = 0.0104; Chi® = 3.93, df = 2 (P = 0.14); I = 49%" ' J ' ' |
0 02 04 06 08 1

Proportion

Thrombocytopenia grade 3/4

Study Events Total Weight IV, Random, 95% CI IV, Random, 95% CI
Hubbeling et al 1 32 20.6% 0.040[0.000;0.144] J—

Roddie et al 4 54 226% 0.065[0.012;0.149]

Wright et al 0 5 9.9% 0.000 [0.000;0.317] B——

Manzar et al 18 51 22.4% 0.349[0.223;0.486] e —

Kuhnl et al 8 129 24.6% 0.060([0.025;0.109] [l

Total (95% ClI) 271 100.0% 0.088 [0.008; 0.217] <@

Heterogeneity: Tau® = 0.0275; Chi® = 24.38, df = 4 (P < 0.01); I* = 84% | J I J !
0O 02 04 06 08 1

Proportion

Supplementary Figure 3: Forest plots of grade 3/4 cytopenia among patients included
in the meta-analysis. 1V, inverse variance.



Supplementary Fig. 4

ORR PFS

Subgroup Events Total Weight IV, Random,95% Cl 1V, Random, 95% CI Subgroup Events Total Weight IV, Random, 95% CI 1V, Random, 95% CI

Hubbeling et al 11 12 62% 0.916[0.675;1.000] _ Hubbeling et al 9 12 58% 0.750[0.461;0.961] ——.—
Ladbury et al 7 14 66% 0.500(0.237;0.763) _— Ladbury etal 7 14 64% 0513[0.248;0.774] —

Pinnix et al 1111 60% 1.000(0.849; 1.000] —& Pinnix et al 5 11 55% 0.440[0.155;0.745] _

Roddie e al 35 54 0% 0648[0515:0771) —— Roddie etal @ 54 11.3% 0591(0456;0719] ——

van Meerten et al 9 14 66% 0.640(0.368;0.875] B - Jainetal 6 19 75% 0.320[0.126;0.549] —.—

Jain et al 15 19 7.4% 0.770(0.550;0.936) - Kuhnl et al 72 129 135% 0.560 [0.473;0.645] —.—
—— Bramanati et al 16 31 9.4% 0512(0.335;0.688) ——
Eigendort et al 8 11 55% 0.750(0.446;0.968) —

Lutfi et al 7 14 66% 0.500[0.237;0.763) _—
Saifi etal A 30 34 86% 0.880[0.746;0.972] —_—
Saifi etal B 12 14 66% 0860(0620;0997) —— $

Lutfi et al 7 14  6.4% 0.513[0.248;0.774) —
Simetal 9 11 60% 0818(0.526;0.995] — - :

Saifi etal B 7 14 64% 0.470[0.211;0.736] _
Wright et al 4 5 40% 0800(0.325;1.000] _— i

Wright et al 15 32% 0200[0.000;0675) —@———————
Fanetal 9 20 75% 0.450[0.236;0.674] _

% 0350 [0.153; ——

Manzar et al 42 51 93% 0.824(0.706;0.918) —_— henetel ¢ 120, [77%7/0.350/0:103;0.078)
Saifi etal C 44 48 92% 0.920(0.823;0.983) Manzer.et el 40; 5L A% IR0 eSS 000G : —i—

-
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2. 2a o P r T T T 1 - - > ’ i e T T T T T 1
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Test for subgroup differences: Chi’ = 0.04, df = 1 (P = 0.85) Test for subgroup differences: Chi® = 0.19, df = 1 (P = 0.67)
Proportion Proportion

Subgroup Events Total Weight IV, Random, 95% CI IV, Random, 95% CI

Hubbeling et al 1 12 58% 0.917[0.677; 1.000) —

Pinnix et al 7 11 54% 0.630[0.321;0.896) _—

Roddie ot al 38 54 120% 0.703(0.573;0.818) o+

Jain et al 9 19 7.6% 0470(0.248;0.698) ——

Kuhnl et al 80 120 14.8% 0.623[0.537;0.705) —.—

Bramanati et al 27 31 9.7% 0.867[0.721;0.968] ——
Eigendor! et al 9 11 54% 0830(0.541;0.998) — -

Saifl etal A 24 34 10.1% 0.720(0.556; 0.860] i

Saifi et al B 9 14 64% 0.670[0.399; 0.896] _—
Wright et al 4 5  3.1% 0.800[0.325; 1.000] ——I—
Fan et al 10 20  7.8% 0.483(0.265;0.704) —.—

Manzar et al 41 51 11.8% 0.800(0.678;0.900)

’:

Total (95% CI) 391 100.0% 0.712[0.631; 0.788)
. . . r T T 1
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Haterogeneity: Tau™ = 0.0096; 270, ( 0.02). I =52% 02 04 06 08 1
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Supplementary Fig. 4. Meta-regression analysis comparing BRT studies to CMT studies
outcomes represented as forest plots including overall response rate (ORR), progression-
free survival (PFS), overall survival (OS). IV, inverse variance. BRT, bridging radiation
therapy. CMT, combined-modality treatment.



Supplementary Fig. 5

CRS all-grade

ICANS all-grade

Subgroup Events Total Weight IV, Random, 95% CI 1V, Random, 95% CI Subgroup Events Total Weight 1V, Random, 95% CI IV, Random, 95% CI
Hubbeling et al 12 12 9.4% 1.000[0.861;1.000] —a3 Hubbeling et al 5 12 109% 0.417[0.149;0.710) —
Ladbury etal 14 14 9.7% 1.000[0.881;1.000] —. Ladbury et al 14 14 11.0% 1.000(0.881;1.000) H 4
van Meerten et al 14 14 9.7% 1.000[0.881;1.000) —. van Meerten et al 8 14 11.0% 0.570(0.300;0.821) —.—
henenetsl 19; 125) 10758 (0870 10499,0841] —il— Ababneh et al 18 28 11.6% 0.464(0.281;0.652] —E—
Bramanati et al 2 31 108% 0.833(0679;0.947] —i— Bramanati et al 181 117% 0033(0000:0.135) [—
Lutfi etal 14 14 97% 1.000(0.881;1.000) P —H :
: Lutfi et al 14 14 11.0% 1.000[0.881;1.000] : —
Wright et al 2 5 75% 0400[0.018;0862) - - H
: Wright et al 15 9.4% 0200[0000;0675) —J————————
Fanetal 14 20 103% 0.700[0.478;0.884) e :
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Supplementary Fig. 5. Meta-regression analysis comparing BRT studies to CMT studies
outcomes represented as forest plots including all-grade cytokine release syndrome
(CRS) and immune effector cell-associated neurotoxicity syndrome (ICANS). 1V, inverse
variance. BRT, bridging radiation therapy. CMT, combined-modality treatment.



Supplementary Table 1

Line

Ovid MEDLINE (1946 to October 16, 2024): No language, publication date, or
article type filters.

1 Immunotherapy, Adoptive/

(adoptive immunotherap* or adoptive cellular immunotherap* or chimeric
antigen receptor or CAR T or CAR Tcell or "(CAR) T" or "(CAR) Tcell" or CAR
engineered T cell or CAR engineered T lymphocyte or CAR modified T cell or
CAR modified T lymphocyte).tw.

3 Receptors, Chimeric Antigen/

4 (chimeric t cell receptor™ or artificial t-cell receptor® or chimeric
immunoreceptor®).tw.

5 (axicabtagene ciloleucel or yescarta or axi cel or "fkc 876" or "fkc876" or "kte
c19" or "ktec19" or lisocabtagene maraleucel or breyanzi or "jcar 017" or "jcar
17" or "jcar017" or "jcar17" or liso-cel or tisagenlecleucel or Kymriah or "cart
19" or "cart19" or "ctl 019" or "ctl019" or "Ig 740" or "Ig740").tw.

6 or/1-5

7 exp Lymphoma, Non-Hodgkin/

8 lymphoma*.tw.

9 (Non Hodgkin or "Non Hodgkin's" or Non Hodgkins or NHL or DLBCL or
LBCL).tw.

10 (Burkitt leukemia or Burkitt's leukemia or Burkitts leukemia or Burkitt cell
leukemia or Burkitt-type leukemia or Burkitt tumor or Burkitts tumor or Burkitt's
tumor).tw.

11 or/7-10

12 exp Radiotherapy/ or Radiation Oncology/ or Radiotherapy Dosage/

13 (radiation* or radiotherap* or irradiation* or chemoradiotherap* or
radiochemotherap* or radioimmunotherap* or xray therap* or x-ray therap* or
roentgenotherap® or roentgen therap®).tw.

14 12 or 13

15 |6and 11 and 14

Line | Ovid Embase (1974 to October 16, 2024): No language, publication date, or
article type filters.

1 adoptive immunotherapy/

2 (adoptive immunotherap* or adoptive cellular immunotherap* or chimeric
antigen receptor or CAR T or CAR Tcell or "(CAR) T" or "(CAR) Tcell" or CAR
engineered T cell or CAR engineered T lymphocyte or CAR modified T cell or
CAR modified T lymphocyte).tw.

3 chimeric antigen receptor/

4 (chimeric t cell receptor™ or artificial t-cell receptor® or chimeric
immunoreceptor®).tw.

5 (axicabtagene ciloleucel or yescarta or axi cel or "fkc 876" or "fkc876" or "kte

c19" or "ktec19" or lisocabtagene maraleucel or breyanzi or "jcar 017" or "jcar
17" or "jcar017" or "jcar17" or liso-cel or tisagenlecleucel ot Kymriah or "cart
19" or "cart19" or "ctl 019" or "ctl019" or "Ig 740" or "Ig740").tw.




6 or/1-5

7 nonhodgkin lymphoma/

8 lymphoma*.tw.

9 (Non Hodgkin or "Non Hodgkin's" or Non Hodgkins or NHL or DLBCL or
LBCL).tw.

10 (Burkitt leukemia or Burkitt's leukemia or Burkitts leukemia or Burkitt cell
leukemia or Burkitt-type leukemia or Burkitt tumor or Burkitts tumor or Burkitt's
tumor).tw.

11 or/7-10

12 radiotherapy/ or radioimmunotherapy/ or radiation oncology/ or cancer
radiotherapy/

13 (radiation* or radiotherap* or irradiation* or chemoradiotherap* or
radiochemotherap* or radioimmunotherap* or xray therap* or x-ray therap* or
roentgenotherap® or roentgen therap®).tw.

14 12 or 13

15 |6and 11 and 14

Line | Cochrane Library (Wiley): October 16, 2024. No language, publication date,
or article type filters

#1 (adoptive immunotherap* or adoptive cellular immunotherap* or chimeric
antigen receptor or CAR T or CAR Tcell or "(CAR) T" or "(CAR) Tcell" or CAR
engineered T cell or CAR engineered T lymphocyte or CAR modified T cell or
CAR modified T lymphocyte):ti,ab

#2 (chimeric t cell receptor* or artificial t-cell receptor* or chimeric
immunoreceptor*):ti,ab

#3 (axicabtagene ciloleucel or yescarta or axi cel or "fkc 876" or "fkc876" or "kte
c19" or "ktec19" or lisocabtagene maraleucel or breyanzi or "jcar 017" or "jcar
17" or "jcar017" or "jcar17" or liso-cel or tisagenlecleucel or Kymriah or "cart
19" or "cart19" or "ctl 019" or "ctl019" or "Ig 740" or "Ig740"):ti,ab

#4 | #1 OR#2 OR #3

#5 (lymphoma* or Non Hodgkin or "Non Hodgkin's" or Non Hodgkins or NHL or
DLBCL or LBCL):ti,ab

#6 (Burkitt leukemia or Burkitt's leukemia or Burkitts leukemia or Burkitt cell
leukemia or Burkitt-type leukemia or Burkitt tumor or Burkitts tumor or Burkitt's
tumor):ti,ab

#7 | #5 OR#6

#8 (radiation* or radiotherap* or irradiation* or chemoradiotherap* or
radiochemotherap* or radioimmunotherap* or xray therap* or x-ray therap* or
roentgenotherap* or roentgen therap*):ti,ab

#9 | #4 AND #7 AND #8

Supplementary Table 1: Systematic review search strategy.




Supplementary Table 2

Author Year Criterion 1: | Criterion 2: Criterion 3: Criterion 4: Criterion 5: Criterion 6: | Criterion | Criterion
Inclusion measurement identification | Consecutive | demographics | Clinical 7: 8:
criteria of of efficacy/ Inclusion information | Follow- | Statistical

efficacy/safety | safety Up analysis
results

Hubbeling | 2023 Yes Yes/Yes Yes/Yes Yes Yes Yes Yes Yes

et al.

Ladbury et | 2023 Yes Yes/Yes Yes/Yes Yes Yes Yes Yes Yes

al.

Lutfietal. | 2021 Yes Yes/Yes Yes/Yes Yes Yes Yes Yes Yes

Pinnix et 2020 Yes Yes/Yes Yes/Yes Yes Yes Yes Yes Yes

al.

Roddie et | 2023 Yes Yes/Yes Yes/Yes Yes Yes Yes Yes Yes

al.

Saifietal. | 2023A | Yes Yes/No Yes/No Yes Yes No Yes Yes

Saifietal. | 2022B | Yes Yes/Yes Yes/Yes Yes Yes Yes Yes Yes

Sim et al. 2019 Yes Yes/No Yes/No Yes Yes No Yes Yes

Wrightet | 2020 Yes Yes/Yes Yes/Yes Yes Yes Yes Yes Yes

al.

Fan et al. 2023 Yes Yes/Yes Yes/Yes Yes Yes Yes Yes Yes

Van 2024 Yes Yes/Yes Yes/Yes Yes Yes Yes Yes Yes

Meerten et

al.

Jainetal. | 2024 Yes Yes/Yes Yes/Yes Yes Yes Yes Yes Yes

Manzar et | 2024 Yes Yes/Yes Yes/Yes Yes Yes Yes Yes Yes

al.

Saifietal. | 2024C | Yes Yes/Yes Yes/Yes Yes Yes Yes Yes Yes

Ababneh 2024 Yes Yes/Yes Yes/Yes Yes Yes Yes Yes Yes

et al.

Kuhnl et 2024 Yes Yes/Yes Yes/Yes Yes Yes Yes Yes Yes

al.




Bramanti 2024 Yes Yes/Yes Yes/Yes Yes Yes Yes Yes Yes
et al.
Eigendorff | 2024 Yes Yes/No Yes/No Yes Yes No Yes Yes
et al.

Supplementary Table 2: Joanna-Brigg'’s Institute assessment of study bias. Criterion 5 (complete inclusion) was
assessed within criterion 4. Criterion 9 (presenting sites’/clinics’ demographics) was assessed within criterion 5.
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