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Immune Checkpoint Therapy

Chapman et al. NEJM 2015

Response of Melanoma to a single dose
Dose of Ipilmumab plus Nivolumab



How to integrate radiotherapy in the 
immunotherapy era?
• Emphasis on multimodality therapy
• Sequence and timing of radiation therapy may be critically 

important
• Variation may depend on cancer types
•Molecular considerations may impact response
• Importance of clinical trials to tease all of this out



Reprogram of tumor microenvironment by RT

Colton, BMC 2020



Balance Immune stimulatory effects and 
suppressive effects of RT

Lawrence, Future Medicine 2014



Clinical evidence for RT and IO synergy

• Secondary analysis
• To determine if patients with advanced 

NSCLC treated with pembrolizumab on 
the phase I KEYNOTE-001 trial who 
previously received radiation therapy had 
improved progression-free and overall 
survival with pembrolizumab treatment 

• To determine if prior thoracic radiation 
therapy influenced the rates of 
pulmonary toxicity with pembrolizumab 

• KEYNOTE-001
• Phase I study of 495 patients with 

advanced NSCLC
• Eligible patients had progressive disease 

and most were heavily pretreated
• Primary objective was safety and 

antitumor activity of pembrolizumab
• Overall response rate 19.4% and median 

PFS 3.7 months
• PDL1 expression ≥ 50% correlated with 

improved efficacy



Median OS: 10.7 vs 5.3 months  Median OS: 11.6 vs 5.3 months  

Impact of any radiation on overall survival



Immunotherapy and Radiation

• Cooperative effects at site of treatment
• Neoadjuvant
• Concurrent
• Adjuvant

• Abscopal effect (very rare)





PACIFIC
Durvalumab After Chemoradiotherapy in Stage III NSCLC – 5-Year Survival Update1

12 Confidential. For Internal Use Only.

1. Spigel DR, et al. Presented at ASCO 2021. Abstract 8511. 2. Imfinzi demonstrated unprecedented survival in unresectable, Stage III lung cancer with 43% of patients surviving five years. June 4, 2021. Accessed June 9, 2021. 
https://www.astrazeneca.com/media-centre/press-releases/2021/imfinzi-demonstrated-unprecedented-survival-in-unresectable-stage-iii-lung-cancer-with-43-percent-of-patients-surviving-five-years.html.

Unresectable stage Ill NSCLC 
without progression after 
definitive platinum-based 
cCRT (≥2 cycles)
• WHO PS 0-1
• If available, archived pre-cCRT

tumor tissue for PD-L1 testing
N=713

Placebo
n=237

Durvalumab
n=476

R 2:1 Stratified by age, 
sex, smoking history

Updated OS (ITT)

Updated PFS (ITT; BICR)

No. of Events/
Total No. of Patients (%)

Median OS
(95% CI), mo

Durvalumab 267/476 (55.5) 47.5 (38.5-52.6)
Placebo 155/237 (65.4) 29.1 (22.1-35.1)

Stratified HR, 0.72 (95% CI, 0.59-0.89)
Stratified HR from PA, 0.68 (95% CI, 0.53-0.87)

No. of Events/
Total No. of Patients (%)

Median PFS
(95% CI), mo

Durvalumab 268/476 (56.3) 16.9 (13.0-23.9)
Placebo 175/237 (73.8) 5.6 (4.8-7.7)

Stratified HR, 0.55 (95% CI, 0.45-0.68)
Stratified HR from the PA, 0.52 (95% CI, 0.42-0.65

§ Of patients surviving up to 
5 years with durvalumab, 
75% had no disease 
progression2





Lymphopenia and Benefit of IO after CRT



Proton Therapy Reduces High-Grade RT Induced Lymphopenia



Esophageal Cancer: Checkmate 577

Phase III
Neoadjuvant chemoRT à Surgery 
à Nivolumab up to 1 year



HNCC and Cervical CA
• No improvement with concurrent (+/- adjuvant ICI + RT

• JAVALIN HNSCC 100 – phase III, avelumab + chemoRT vs. chemoRT
• GORTEC-REACH- phase III, avelumab + cetuxmab RT vs. SOC (cis or cetuxmab + RT)
• KEYNOTE 412 – phase III, pembro + chemoRT vs. chemoRT
• CALLA – phase III, concurrent/adjuvant durvalumab + chemoRT vs. chemoRT

• What is the difference compared to PACIFIC?
• Concurrent IO and chemoRT
• Future questions include who benefits?
• Fractionation/ dose/fraction?
• Sequencing?
• Which checkpoint inhibitors?



JAVELIN HNSCC 100
Phase III, LA HNSCC
ChemoRT vs. ChemoRT + avelumab



SRS and Immune Checkpoint Blockade

• SRS for brain metastases is safe to give concurrent with anti-PD1 and 
anti-CTLA4
• Pseudoprogression may occur. May look like limited bleed
• Radionecrosis rates may be higher but difficult to distinguish from 

pseudoprogression
• Can be treated symptomatically, and does not need to be taken to the 

OR (16% vs. 5%) (Kim et al., European Radiology 2020)



SRS and ICI for Brain Metastases

Anderson, JIC 2017



SRS  and ICI Induced Inflammatory Changes

• Frequently self-resolving

Colaco, JNS 2016



SRS and ICI for Brain Metastases

• Meta-analysis of 17 studies across 15 
institutions

• Local control 1 year: 89.2% with concurrent 
vs. 67.8% non-concurrent (p=0.09)



CRT with Anti-PD1 in primary GBM
Checkmate 548: Temozolomide + Nivo and RT vs. 
Temozolomide and RT w/ methylated MGMT

Lim, Neuro-Oncology 2022

Checkmate 498: Nivo and RT vs. Temozolomide 
and RT w/ unmethylated MGMT

Omuro, Neuro-Oncology 2022



Neoadjuvant anti-PD1 and GBM



Pembrolizumab +/- RT
• Pooled two completed 

randomized studies of 
Pembrolizumab +/- RT in 
mNSCLC (MDACC and 
NKI)
• 131 pts (n=66 pembro 

alone, n=65 pembro/RT)
• MDACC: newly dx, 1-4 

sites radiated, 50 in 4fx 
or 45 in 15 fx
• NK: previously tx, 1 site 

radiated, 24 Gy in 3 fx
Theelen W and Welsh J.W. Lancet Respiratory Medicine 2020



Pembrolizumab +/- RT

PFS 8.3 vs. 4.4 months (+/- RT) OS 19.2 vs. 9.2 months(+/- RT)



Ablative RT doses achieved better outcomes



Radiotherapy and ICI Synergy via Immunoediting



CD8 T cells in patients with CR/PR are active

Increase in interferon-beta and TCR clonal dynamics predict response to treatment



MDACC LONESTAR Trial - Local consolidative therapy after 
immunotherapy (BMS Sponsored)

PI: John Heymach, MD PhD
Co-PI: Saumil Gandhi, MD PhD
 Stephen Swisher, MD



Alliance/SWOG A082002 for PDL1-negative 
stage IV NSCLC

Frontline metastatic NSCLC
PDL1 negative
SBRT 8 Gy x 3



What about in earlier stage disease? Stage I NSCLC

Timmerman R, ASTRO 2014

• Regional recurrences
• 7 patients with regional failure 

• 2 patients in the original report
• 5 year local-regional recurrence rate 

38%

• Distant recurrences
• 15 patients with disseminated failure
• 5-year distant recurrence rate 31%

• 5-year disease-free survival only 
26%

RTOG 0236 5-year update 

Ricardi U et al., Lung Cancer 2014

3-year DFS ~65%

3-year LC ~90%

Multicenter Italian Study (n= 196)



Combining SABR and checkpoint inhibition
• Rationale for combining SABR and anti-

PDL1 therapy for early-stage NSCLC
• No current proven role for adjuvant 

therapy in early-stage NSCLC after surgery 
or SABR except for EGFR+ patients after 
surgery

• Anti-PD-1 therapies  have shown excellent 
activity in advanced NSCLC with less 
toxicity than standard chemotherapy

• High rates of out-of-field failure after lung 
SABR for early-stage NSCLC and anti-PD 
therapies in combination with SABR may 
be effective at sterilizing subclinical 
disease and therefore increase cure rates

Sharabi, A, Cancer Immunology Research 2014

Stereotactic XRT combined with anti PD-1 significantly improves tumor 
control and enhances development of T cell and B cell antitumor responses 

Mice inoculated with tumor cells and irradiated (12Gy x1) on D12 and/or 
injection with anti-PD-1 antibodies starting 1 day before RT then Q3 days

A. Tumor volumes
B. Antigen-specific CD8 T- cells
C. Concentration of antigen-specific IgG1 in sera 



iSABR - Phase I Safety Lead in: SABR with Durvalumab
Eligibility
§ Biopsy proven, stage I, IIA (AJCC 7th)
§ Medically inoperable, refuse surgery
§ ECOG 0-1
§  Adequate organ/marrow function



Patient characteristics
Patients N = 18

Age 79
Range                     57 – 96

Gender             Male.                      11 (61)
Female                    7 (39)

Histology Adenocarcinoma   18 (64)
Squamous              10 (36)

Smoking status Yes                           16 (89)
No                            2 (11)

Stage T1                            13 (72)
T2                             5 (28)

GTV size 7.9 cc
Range                      0.6 – 270 cc

Median follow-up: 3 yrs.
Range: 0.7 – 4.7 yrs.



Outcomes

1 patient with local failure
1-year LC: 100%
2-year LC: 93.8%

Local Control

1-year PFS: 94.4%
2-year PFS: 83.3%

PFS

1-year OS: 94.4%
2-year PFS: 88.9%

OS



On-going Phase II/III trials
NCT number Title Sponsor/

Recruitment
Study
endpoint

Phase

NCT0311097
8

I-SABR: Clinical Trial Comparing Immunotherapy Plus 
Stereotactic Ablative Radiotherapy (I-SABR) Versus SABR 
Alone for Stage I, Selected Stage IIa or Isolated Lung 
Parenchymal Recurrent Non-Small Cell Lung Cancer 
(nivolumab)

MD 
Anderson; 
Accrual 
completed: 
N=140 

EFS, OS, 
toxicity

II

NCT0383315
4

PACIFIC 4/RTOG 3515: Durvalumab vs Placebo With 
Stereotactic Body Radiation Therapy in Early Stage 
Unresected Non-small Cell Lung Cancer (NSCLC) 
Patients/Osimertinib Following SBRT in Patients With Early 
Stage Unresected NSCLC Harboring an EGFR Mutation 

N=733  PFS, OS, 
LCSS

III

NCT0421426
2

SWOG S1914: A Randomized Phase III Trial of 
Induction/Consolidation Atezolizumab (NSC #783608) + 
SBRT versus SBRT Alone in High Risk, Early Stage NSCLC

NCI; N=480 OS, PFS, 
DF, LRF, 
LF, 
Toxicity

III

NCT0392486
9

MK-3475-867/KEYNOTE-867: Efficacy and Safety Study of 
Stereotactic Body Radiotherapy (SBRT) With or Without 
Pembrolizumab (MK-3475) in Adults with Unresected Stage I 
or II Non-Small Cell Lung Cancer (NSCLC)

N=530 EFS, OS, 
TTDM, 
AE, QOL

III



Radiotherapy and Immunotherapy Combinations

• Radiotherapy can potentially be synergistic with immunotherapy by 
several mechanism including releasing antigens,  cytoreduce large 
bulky tumors, and acting as a in-situ vaccine

• The optimal radiotherapy dose, site of radiotherapy, sequence, 
schedule, and delivery techniques are yet to be determined and 
optimized

• Many ongoing trials addressing these questions in various disease 
sites and indications

37


