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Conduct translation studies on the effect/ timing of radiation 
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Objectives of my talk
Landscape of Cellular and Immunotherapy

Early evidence for the clinical benefit of radiation

What we know about priming with radiation

The current ongoing research and future direction
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How does Radiation fit 
in this complicated 
landscape?



the University of Pennsylvania group demonstrated the importance of timing and sequence 

After the initial response of combining anti-CTLA4 antibodies with radiation---------

Resistance developed by upregulation of PDL1 leading to T-cell exhaustion________

Combining radiation and anti-CTLA4 or anti-PD1 immunotherapy for the treatment of melanoma.

Resistance was reversed by adding PDL1 blockade. 





Strategies that improve antigen presentation:
• Induce epitope spreading, 
• Perpetuate existing antitumor T cell responses
• Combat tumor antigen escape.

NeuroMolecular Medicine volume 24, pages3–7 (2022)

https://link.springer.com/journal/12017


What is the Available evidence? 



The dispersion of radiotherapy-induced immune-
stimulating tumor antigens released from dying 
tumor cells into the surrounding milieu

Immunogenic cell death= Priming

T cell surface translocation DC the “eat me signal”

CD 47 DC (“do not eat me signal”) expressed by tumors



What is the Priming Dose of Radiation?

• normalization of aberrant vasculature
• recruitment of tumor-specific T cells in human 

pancreatic carcinomas 

• T-cell-mediated tumor rejection 
prolonged survival in otherwise immune 

refractory spontaneous and xeno-
transplant mouse tumor models. 

Supportive
evidence

Ionizing Radiation has multiple 
immune-modulatory effects:

Production of IFN-b, DCs infiltrating the 
tumor 
promoting the cross-presentation of 
tumor antigens to CD8 T cells 

T cell infiltration following radiation
• IFN-stimulated genes that encode 

the chemokines 
• CCL5, CXCL16 (C-X-C motif 

chemokine ligand 16), 
CXCL10



How does this translate clinically?

Are we sure that the immunological 
changes equate a clinical benefit ?



Day 7 form start of RT: flare of nodes outside of RT

Before Radiation

An example of what we see in clinic 
Confirming that radiation does stimulate the immune system 





• LD-TBI plus CAR T cells on day 0 exhibited superior tumor control and OS (median: 110 days) 
as compared to all other groups.
• considerable expansion of circulating T cells 

Exploring low-dose Radiation as low as 1.8 Gy



Low-dose total body irradiation (LD-TBI) superior expansion of
CAR T cells in vivo.

RT to elicit death receptor (DR) expression by malignant cells
enabling some degree of CAR-independent tumor killing



Elevations in CAR-T regulatory 
cells among non-responders to 
Axi-cel

• capable of suppressing 
conventional CAR-T cell 
expansion 

• driving late relapses in an in 
vivo model.

The capacity for even small 
increases in CAR-T regulatory 
cells to drive relapse.



Created an Opportunity 
for Radiation



Does the preclinical data translate 
into a clinical benefit?



Radiation priming is effective 

• Compared to patients that did not receive BT
• 1-year PFS 44% for no BT vs 25% for ST cohort (p=0.01)

• Patients treated with CMT had a poor outcome
• 1-year OS 25% and median OS of 3.9 months

Pinnix CC, Gunther JR, Dabaja BS, Strati P, Fang P, Hawkins MC, Adkins S, Westin J, Ahmed S, Fayad L, Lee HJ, Nair R, Steiner RE, Iyer SP, Rodriguez MA, Wang M, Flowers C, Neelapu SS, Nastoupil LJ. Bridging therapy prior to 
axicabtagene ciloleucel for relapsed/refractory large B-cell lymphoma. Blood Adv. 2020 Jul 14;4(13):2871-2883; PMID: 32589728; 



Impact of RT Field Design

• Nine patients comprehensive 
RT field (CMT, n=2; RT, n=7)

• 8 patients received focal RT 
fields (CMT, n=4; RT, n=4)

• 6 progressed or relapsed
• 3 at sites not included in 

the RT field

Pinnix CC, Gunther JR, Dabaja BS, Strati P, Fang P, Hawkins MC, Adkins S, Westin J, Ahmed S, Fayad L, Lee HJ, Nair R, Steiner RE, Iyer SP, Rodriguez MA, Wang M, Flowers C, Neelapu SS, Nastoupil LJ. Bridging therapy prior to 
axicabtagene ciloleucel for relapsed/refractory large B-cell lymphoma. Blood Adv. 2020 Jul 14;4(13):2871-2883; PMID: 32589728; 





Adopted from Dr. Sattva Neelapu

1. Better than standard of care
2. Those who get CR it is durable 



Adopted from Dr. Sattva Neelapu

Naïve and terminal effector are impaired by chemotherapy



ZUMA 7 moving CAR T to second line 



BV-Nivo on 2020-0686 PACIFIC Progression DA-REPOCH x 4

Relapse ----- Hypercytoxan Radiation to 30 Gy Post CAR T 10 months in CR  

Primary Mediastinal Lymphoma 





Predicting relapse post CAR T
An opportunity to improve the outcome





Predicting relapse post CAR T
An opportunity to improve the outcome





How do we pivot our research to account for the immune 
conversation? 

When is the best time to 
introduce radiation 

Never before pheresis? And why

After pheresis and before infusion?

How about after infusion?



Specific Aim 2: Identify changes in circulating T-cell phenotypes 
and functions before and after CSI or TBI as conditioning 
for CAR-T cell therapy, and after CAR T

Radiation A Priming Mechanism Prior to Adoptive Cell Therapy in CNS And Systemic Acute Leukemia
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Pre RT biopsy
scRNASeq +scTcRseq 
+ scBCRseq +
CosMx 

*If sample is clinically indicated 

Apheresis product
scRNASeq +scTcRseq

Pre-LD chemo
T-cell flow

D0, 2, 4, 7, 14
Cytokine 3 panel (SOC)

D0, 7, 14, 30
T-cell flow

Additional biomarker 
collection at 
3, 6, 9, 12, 18, 24 months 

Infusion Product
ssRNASeq +TcRSeq

Phase II Study of CAR-T with Bridging RT in 
Relapsed/Refractory Indolent Non-Hodgkin Lymphoma 

Primary Endpoint:
- AE: Grade 3+ CRS 

Secondary Endpoints:
- ORR, CRR, DOR, PFS, MRD 
- In-RT field disease control
- Additional adverse events 

(G1+, G3+)
- Cytokine profile
- T-cell expansion, persistence, 

immunophenotype

Susan Wu



Phase II Study of Salvage Radiation Treatment (RT) after B-cell Maturation 
Antigen (BCMA) Chimeric Antigen Receptor T-cell Therapy (CAR-T) for 
Relapsed Refractory Multiple Myeloma

Penny Fang



Umbrella Protocol: 2020-1150 Outcomes after Chimeric Antigen Receptor 
Therapy (CAR-T) and Radiation Therapy (RT) for Hematologic Malignancies
Primary Objective: 

• Study clinical outcomes of patients with hematologic malignancies receiving standard-of-care chimeric 
antigen receptor therapy (CAR-T) and radiation therapy (RT) 

1.  To study patient-specific factors and treatment-related factors and outcomes

2.  To study the relationship between radiation dose, target, technique, and timing with respect to CAR-T and 
clinical outcomes in patients

3. To study the relationship between patient-specific factors and treatment-related factors and treatment 
toxicity

Secondary Objectives: 



A Phase II Study of Magrolimab, Rituximab and Radiation 
as Bridging Strategy Before CAR T-Cell Therapy in Patients with 
Relapsed or Refractory Large B-cell Lymphoma

Penny Fang



Radiation and Immunological changes in Chloroma (Extramedullary AML) 



Radiation and Immunological changes in Chloroma (Extramedullary AML) 



We have a lot of work to do

The answer is through 
Translational Studies

Mechanism of Radiation priming

Correct timing to introduce Radiation

How does Radiation affect the CAR T cell 
therapy  persistence fitness

How does it affect the outcome 

How to use the aforementioned as a 
steppingstone towards bi-specifics 









≥15% BM treated with bridging RT does not correlate 
with ≥Grade 3 cytopenias at any timepoint

49

p=0.85

Gohar Manzar





Opportunity for Radiation







50 MONTHS
POST 4 GY

As opposed to solid tumors
Activating the immune microenvironment has been clinically successful

Boom Boom= 2 Gy x 2

MALT of the eye





Strategies that improve antigen presentation:
• Induce epitope spreading, 
• Perpetuate existing antitumor T cell responses
• Combat tumor antigen escape.

NeuroMolecular Medicine volume 24, pages3–7 (2022)

https://link.springer.com/journal/12017






Immune differences between extramedullary and 
systemic leukemias









Radiotherapy increases DAMP and cGAS-STING-
IFN pathway expression in vitro



Radiotherapy increases macrophage infiltration and 
DAMP expression in vivo



Radiotherapy with anti-PD-1 or anti-CD47 potentially 
improves survival in mice with systemic leukemias
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• Radiating a tumor initiates cancer cell death through immunogenic cell death markers, and chemokines in 
the tumor microenvironment leading to among others maturation of dendritic cells and macrophages, which in 
turn activates tumor-specific CD 8+ T cells that infiltrate the tumor. Antigens released from dying cancer cells 
facilitate the cross-presentation of tumor antigens. While activating the adaptive and innate immune response, 
radiation can also stimulate the differentiation of T regulatory via TGF and interleukin 10, inhibiting activated T 
cells that promote tumor progression.
•
• Now that we know that radiation holds promise for its ability to positively modulate the immune system let 
us look at the current clinical evidence and how to best incorporate it.
•
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