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Apoteh et al, Can. Res. 2008; Apoteh et al, Nat Med, 2007
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 Immunomodulation by radiation therapy (RT)

–Pre-clinical evidence

–Limited clinical evidence

The i-SAbR approach at UTSW as a paradigm for IO and RT

–Pre-clinical models

–Clinical Trial Design 

–Translational studies



Immunomodulation by RT

Cancers are Immunogenic

–Multiple TAAs described for  different cancer sub-sites

–Tumors travel to LN—a primary immune organ

–Tumor immuno-editing hypothesis

RT

–As a focal therapy, keeps the host completely immunocompetent

–Stereotactic Ablative Radiation (SAbR) also spares the regional draining lymph 

nodes

–Keeps the antigen depot within the host and induces an immunogenic cell death



Immunomodulation by RT

 RT leads to the translocation and 
release of  Danger (or Damage)-
Associated Molecular Patterns (DAMPS)
 HMGB1, HSP70, Calreticulin, ATP
 DAMPS recruit Dendritic Cells into 

the tumor-microenvironment
 RT increases pro-inflammatory cytokine 

release
 RT increases the permeability of the 

tumor -microenvironment



IJROBP 2004 Mar 1;58(3):862-70
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Immunomodulation by RT:
Proposed mechanism

 Lugade et. al. J Immunol 2005
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Immunogenic properties of SAbR

Sharabi et. al. Lancet Oncology Dec 2015



Immunomodulation by RT

Can RT immunomodulation be exploited for therapeutic benefit? 



IT+RT Pre-Clinical Data



Pre-Clinical Data

Additive  
Effect

Hannan et. al. , Cancer Immunol Immunother, May 2012

Synergy between RT and IT:



Outline

 Immunomodulation by radiation therapy (RT)

–Pre-clinical evidence

–Limited clinical evidence

The i-SAbR approach at UTSW

–Pre-clinical models

–Clinical Trial Design 

–Translational studies





Postow et. al. NEJM March 8th, 2012



Abscopal Effect: NEJM Mar 8, 2012

Postow et. al. NEJM March 8th, 2012



IT + RT Clinical Data: Abscopal Effect

Rubner et. al. Front Oncol 2012



IL-2+RCC Phase II Trial

Eligibility: 

–Metastatic RCC or melanoma 

–no previous medical therapy

SAbR 20Gy/fx for 1-3 fractions

 IL-2 (600,000 IU/kg IV bolus) Q8h x 14 doses

–Started three days after last SABR

Treated 12 patients (5 mRCC)

Evaluate safety/feasability

Evaluate for immune response



IL-2+RCC Phase II Trial

8 (66.3%) patients had an overall response
60% of mRCC patients had a PR



Abscopal Response



23



24



Outline

 Immunomodulation by radiation therapy (RT)

–Pre-clinical evidence

–Limited clinical evidence

The i-SAbR approach at UTSW

–Pre-clinical models

–Clinical Trial Design 

–Translational studies



The i-SAbR approach at UTSW

26

Pre-Clinical 
Studies

Translational 
Studies

Clinical Trials



The i-SAbR approach at UTSW

27

Pre-Clinical 
Studies

Translational 
Studies

Clinical Trials



How does RT change the tumor immuno-microenvironment?

Tumor tissue

C57BL/6

15 Gy

day  -9                            0              1               2                                4 

RM-9
1x106/mouse Collect tumor tissues

8-10 mm
6h 12h

RM-9 cells

Cell suspension

Macrophage
CD11b+Gr-1+mid.

Cytotoxic T Cell (CTL)
CD 8+

Neutrophil
CD11b+Gr-1+high

Dendritic cell
CD11c+

Helper T cell
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Flow cytometric Analysis



How does RT change the tumor immuno-microenvironment?
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RT Induces Tumor Neutrophilic Infiltration

p=0.03
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CD11b+Gr-1+ cells peaked at 24 hr after tumor RT
Takeshima and Hannan et. al. unpublished manuscript (under review)
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Effect of RT-Neutrophils (RT-Ns) on Tumor Volume 
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• Radiation-induced neutrophils (RT-N) play a significant 
role in the anti-tumor effect of RT



RT induced Neutrophils (RT-Ns)

• How does RT-Ns induce tumor growth delay?

• Why does RT-Ns infiltrate tumor after RT?

• Can this be exploited for therapeutic benefit?



Mechanism of RT-N Therapeutic Effect?

33

ROS
(Reactive Oxygen Species)



Does RT-Ns Induce Apoptosis in the Tumor?
TUNEL assay by flow cytometry

• RT-Ns induce apoptosis 
in tumor cells
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RT induced Neutrophils (RT-Ns)

• How does RT-Ns induce tumor growth delay?

• Why does RT-Ns infiltrate tumor after RT?

• Can this be exploited for therapeutic benefit?



Why does RT-Ns infiltrate tumor after RT?



RT induced Neutrophils (RT-Ns)

• How does RT-Ns induce tumor growth delay?

• Why does RT-Ns infiltrate tumor after RT?

• Can this be exploited for therapeutic benefit?
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FACS of RT-Ns after staining with Dihydrorhodamine 123 (DHR 123)

Can G-CSF Increase ROS production by RT-Ns?

Takeshima and Hannan et. al. unpublished manuscript (under review)



Does RT-Ns Induce Apoptosis in the Tumor?
TUNEL assay by flow cytometry

Takeshima and Hannan et. al. unpublished manuscript (under review)



G-CSF Increases RT-N Induced Tumor Growth Delay

Takeshima and Hannan et. al. unpublished manuscript (under review)

• Concurrent G-CSF + RT can be 
an effective therapeutic regimen



Conclusion

• RT induces the infiltration of neutrophils (RT-Ns) in the 
tumor

• Early event that happens within 24-48 hours
• RT-Ns play a role in increasing the therapeutic effect of RT
• This increase is likely mediated by ROS induced apoptosis

• G-CSF likely plays a role in the recruitment of RT-Ns
• G-CSF can further increase the potency of RT-Ns via ROS
• G-CSF + RT increases tumor-specific CTLs

• G-CSF + RT may be a promising therapeutic strategy to 
increase RT efficacy and the immunomodulatory effect of RT  
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i-SAbR Clinical Trials
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Immunotherapy + SAbR = i-SAbR

• i-SAbR Sipuleucel-T Trial
• i-SAbR IL-2 Trial
• i-SAbR Nivolumab Trial



i-SAbR Sipuleucel-T Trial
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Combines SAbR with Sipuleucel-T for 

mCRPCa pts.

Phase II single arm trial with the historic 

control being IMPACT 

– Kantoff et. al, NEJM 2010

SAbR of 1 (21-27Gy) or 3 (26.5-33Gy) 

fraction to 1-6 sites of disease

Primary end-point TTP

– Immune RECIST

Accrual goal 41



i-SAbR IL-2 Trial
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 Single Arm Phase II trial: 

– Well documented historic data available for comparison:

– McDermott et. al. JCO 2005

– RR 20-23%; CR 7-9%;

 Primary Endpoint is RR

– Immune RECIST

 Simon’s 2-phase design

– >60% improvement in RR

– 23%36.8%

– Accrual goal 31

– If >9 response  phase III trial

 Secondary endpoint of Toxicity, PFS, TTP & OS
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• Overall Response: 10 /19 patients responded = 52.6%
• Complete Response: 2/19 = 10.5%



i-SAbR IL-2 Trial:
Target lesion abscopal response per patient by irRECIST
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i-SAbR Nivolumab Trial Rationale

Clinical Rationale:

 SAbR is non-invasive metastasectomy

– Tumor debulking decreases overall burden of disease

 Bulky metastases are more resistant to systemic therapy

 Larger mets are likely sources of

– Additional metastases

– Produces immunosuppresive factors

Immunologic Rationale:

 SAbR induces tumor-specific CTLs

– Lugade et. al. J Immunol 2005; Tekeshima et. al Can Res 2011; Hannan et. al. CII 2012

 SAbR induces PD-L1 expression

– Deng and Fu et. al. JCI 2014

 SAbR induced CTL has increased PD-1

– Filatenkov et. al. CCR, 2015







Phase II Randomized Trial of Nivolumab and SAbR versus 
Nivolumab Alone for mRCC

1:2 Randomization: 58 and 29 patients required 
in the arms respectively



The i-SAbR approach at UTSW
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NRG-LU002
Maintenance Systemic Therapy Versus Consolidative Stereotactic Body Radiation 

Therapy (SBRT) Plus Maintenance Systemic Therapy For Limited Metastatic Non-Small 
Cell Lung Cancer (NSCLC):  A Randomized Phase II/III Trial

Puneeth Iyengar MD, PhD, UT Southwestern PI

Daniel Gomez MD, MDAnderson Cancer Center (MDACC) Co-PI

Robert Timmerman MD UT Southwestern
Hak Choy MD, UT Southwestern
Clifford Robinson MD, Washington University of St. Louis 
Charles Simone MD, Maryland Proton Center

Co-Chairs

David Gerber MD, UT Southwestern
Saiama Waqar MD, Washington University of St. Louis

Med Oncology

Michael Weldon MSc, DABR, Ohio State University
Jackie Wu PhD, Duke

Physics

Ben Movsas MD, Henry Ford Hospital Quality of Life

Kirk Jones MD, University of California at San Francisco Pathology

Adam Dicker MD, PhD, Jefferson 
Max Diehn MD, PhD, Stanford
John Heymach, MD, MDACC

Translational

Chen Hu, PhD, Johns Hopkins University/NRG Oncology Statistics



New schema to reflect IO inclusion as systemic therapy and 
surgery inclusion for local therapy

Patients with metastatic NSCLC 
having completed 4 cycles or 
courses of first-line/induction 
systemic therapy 

Restaging studies reveal no 
evidence of progression and 
limited (≤ 3 discrete sites) 
metastatic disease, all of which 
must be amenable to SBRT +/-
Surgery

S
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Y

Histology: 

Squamous vs. 
Non-squamous

Systemic Therapy:

Immunotherapy vs 
Cytotoxic 

Chemotherapy
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Arm 1:
Maintenance systemic therapy 
alone

Arm 2:
SBRT or SBRT and Surgery to all 
sites of metastases (≤ 3 discrete 
sites) plus irradiation (SBRT or 
hypofractionated RT) of the 
primary site followed by 
maintenance systemic therapy.  All 
Arm 2 patients, even if treated 
with Surgery, must have one site of 
disease (metastasis or primary) 
treated with radiation.



i-SAbR Trial Translational Correlates
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Patient tissue, sera and PBMC collected before (and occasionally after) 
treatment. 

–PBMCs are frozen with Serum/DMSO for functional assay

Goals of Translational Correlatives

 Identify mechanisms of synergy

–Can we improve on the current regimen?

 Identify mechanisms of resistance

–About 50% of patients are still expected to fail!

Predictive Biomarker?

–Can we better select patients who will respond?



The i-SAbR approach at UTSW
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Thank You
Questions/suggestions?
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