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Apoteh et al, Can. Res. 2008; Apoteh et al, Nat Med, 2007
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–Clinical trials and 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

–Radiation 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 Dendretic 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

Empty diamonds= 
Untreated mice

Empty Circles= Flt3-L

Filled Diamonds=RT

Filled Circles= Flt3-L+RT 

Normal Immunocompromised
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Immunomodulation by RT

Can RT immunomodulation be 

exploited for therapeutic benefit? 



Pre-Clinical Data

Additive  
Effect

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

Synergy between RT and IT:
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Postow et. al. NEJM March 8th, 2012



Abscopal Effect: NEJM Mar 8, 2012

Postow et. al. NEJM March 8th, 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
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Radiation IO Combination Therapies
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Pre-Clinical 
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Clinical Trials
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Pre-Clinical 
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Clinical Trials

Radiation IO Combination Therapies



How does RT change the tumor immuno-microenvironment?

Time after 15 Gy irradiation (h)
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Effect of RT-Neutrophils (RT-Ns) on Tumor Volume 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)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?

26

ROS
(Reactive Oxygen Species)



Does RT-Ns Induce Apoptosis in the Tumor?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)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?Why does RT-Ns infiltrate tumor after RT?



RT induced Neutrophils (RT-Ns)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?
Can G-CSF Increase ROS 
production by RT-Ns?

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 unpublished manuscript (under review)



G-CSF Increases RT-N Induced Tumor 
Growth Delay

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



ConclusionConclusion

• 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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Pre-Clinical 
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Studies

Clinical Trials

Radiation IO Combination Therapies



Immunotherapy
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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
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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.

NRG-LU002
156/378  - 80%+ IO -/+ XRT



NRG-LU002
OBJECTIVES

Ph II:  Evaluate impact on PFS of adding SBRT to maintenance systemic 
therapy versus maintenance systemic therapy alone for patients with metastatic 
NSCLC  → no evidence of progression/limited metastatic sites after first-line 
systemic therapy
Ph III:  Evaluate impact on OS of adding SBRT to maintenance systemic 
therapy versus maintenance systemic therapy alone for patients with metastatic 
NSCLC → no evidence of progression/limited metastatic sites after first-line 
systemic therapy

SECONDARY OBJECTIVES
Evaluate effect on Quality of Life of adding SBRT to systemic therapy in limited 
stage IV NSCLC 
Collect biospecimens → evaluate correlation between clinical outcomes and 
circulating tumor DNA (ctDNA)



PACIFIC: ChemoRad -/+ IO for 
Stage III NSCLC 

Randomized, double blind, international, phase 3

709 patients from 2014-2016 with stage III, unresectable NSCLC who 

received 2 or more cycles of platinum based chemotherapy concurrently 

with definitive RT (54-66Gy, V20 LUNG<35%), WHO Performance status 

of 0 or 1. 

Design: Within 42 days after chemoradiotherapy in a 2:1 randomization 

ratio to receive durvalumab (anti-PDL1 antibody,10mg/kg IV q2 weeks for 

12 months) vs. placebo 

Patients stratified to age, sex, smoking history (current, former, and 

never). 

Primary end points: PFS, OS 

Antonia et al. NEJM. Sep 2017 DOI: 10.1056/NEJMoa1709937



Pacific: PFS 

Significant increase in PFS with manageable side effects after chemoradiotherapy. 

Antonia et al. NEJM. Sep 2017 DOI: 10.1056/NEJMoa1709937

56%

35%
44%

27%



Immunotherapy trials in LA-NSCLC
2016 – Since then, # trials would fit 10 slides

Berman et al. Transl Lung Cancer Res. 2016; 5(1):138-142



Up to 28 Days

Pacific 4: Radiation -/+ IO for Early 
Stage NSCLC

Patient Screening

Baseline Scan

Submit Tumor 
Samples

Collect Baseline 
ctDNA

R

Primary Endpoint: 
PFS (BICR)

Key Secondary 
Endpoint:

OS 

Lung Cancer 
Mortality

SOC 
definitive 

SBRT

Durva 1500mg q 4 
wks x 24 mos

N=630
530 T1c-T3
100 T1a/b

1:1

Placebo q 4 wks x 24 
mos

Inclusion Criteria
• Clinical Stage 

I/II node 
negative (T1 –
T3 N0)

• Medically 
inoperable or 
refuse surgery 

• ECOG PS 0-2
• All comers for 

histology and 
PDL-1 status

Stratifications:
•T1 vs. T2/3
•Central vs. 

peripheral

Additional Key points
• NSCLC proven by histology / cytology
• Tissue submission mandated - Accepting FNA samples for translational analysis (in addition to usual core biopsy)
• Exploratory translational endpoint: ctDNA at baseline, at randomization, periodically during durva / placebo
• SOC SBRT taking place during screening. SBRT planning can occur before study enrollment 
• Randomization within 7 days of completion of SOC SBRT
• Limitation of T1ab patients (<2cm) due to relatively good prognosis, long timelines. However these patients still may recur  identify 

higher risk individuals



LS-SCLC

1st line cCRT
- 4* Cycles EP

- 60-66 Gy QD OR 45 
Gy BID RT

(n = 750)

Post CRT 
Scans

Baseline 
RECIST and 
brain MRI

Key 
Endpoints

Primary
PFS mono
PFS combo
OS combo

Secondary
OS mono

PCI
If applicable

Randomisation

1:1:1
(n = 600)

Durvalumab + 
Tremelimumab

Placebo

Durvalumab

Pre-Study Screening Study Treatment

Maximum of 42 days from end of CRT to randomization and first dose of IP

Screening period starts on the last day of the final cycle of chemo (e.g. 
C4D21) or the last day of RT, whichever occurs later

Subjects with SD, PR, CR following 1st line CRT

Stratification; Stage (I/II 
vs III) and PCI (yes vs no)

Treatment to progression, intolerable 
toxicity, or for a max of 24 months, 

whichever occurs first

*3 cycles allowed if investigators 
believe no benefit from 4th Cycle

ICF

Consent 
after 

completion 
of cCRT

ADRIATIC: Radiation/Chemo and IO 
for Small Cell Lung Cancer



1:2 Randomization: 58 and 29 patients 

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



Radiation 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?



Does Radiation induce/increase tumor-specific CTL?

–ELISpot Assay

–T-cell proliferation Assay

–Cytotoxicity Assay

–Quantitate activation/proliferation markers for CD8+ cells

Next Generation Sequencing:

Immune Repertoire Sequencing

RNA sequencing

Exome sequencing

Radiation Trial Translational Correlates



Thank You
Questions/Suggestions?


