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Immune checkpoint blockade in advanced metastatic NSCLC 
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Agents being tested in combination with PD1/PD-L1 inhibition
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Integration of radiation therapy and immunotherapy

Radiation 
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 The optimal dose of subablative RT for enhancing the 

immune response in cancer is under investigation.

 Optimal sequencing of therapeutic agents is unclear.

 The mechanism/s by which RT enhances the efficacy 

of immune checkpoint blockade are context dependent 

and incompletely understood. 

 Need for  biomarkers that predict which patients will 

respond to the therapy.

Challenges in using radiation therapy as an immunomodulating agent



Orthotopic KrasG12D;p53-/- (HKP1) lung adenocarcinoma 
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TCGA Stage I/II 

(585 patients)

 Read depth ≥ 30 reads 

 Variant allele frequency in tumor samples  

≥5%, in normals is ≤1%, 

 ≥5 reads supporting the mutation in the 

tumor.
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Treatment with anti-PD1 antibody increased OS in HKP1 mice

p=0.0037 

Markowitz, et al. JCI Insight 2018 
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RT fails to effectively control tumor growth

0 10 20 30
0

2107

4107

6107

Days after tumor initiation

IgG alone

IgG alone

IgG alone

IgG alone

IgG alone

 4 Gy

 4 Gy

 4 Gy

 4 Gy

 4 Gy

4 Gy

B
L

I

0 Gy X 3 

4 Gy X 3 

Days after tumor implantation



22.0 vs. 64.2

PD-1

CD4 T cells

0Gy

4Gy  IFNg
- TNFα -

4Gy  IFNg
+ TNFα+

4Gy RT increased PD-1 in GzmB+ CD8 T cells and 
IFNγ+/TNFα+ in CD4 T cells.

30.2 vs. 64.4

CD8 T Cells

0Gy

4Gy  GzmB-

4Gy  GzmB+



0

25

75

125

50

100

Day1       Day7

0 
G
y

4 
G
y

0 
G
y

4 
G
y

0

25

50

75

100

125

0  4  0  4 (Gy)

8

6

0

2

4

0

2

4

6

8

10

0 
G
y

4 
G
y

0 
G
y

4 
G
y

0

2000

4000

6000

8000

10000

Day1      Day7

0  4  0  4 (Gy) 0 
G
y

4 
G
y

0 
G
y

4 
G
y

0

2000

4000

6000

8000

**** **** ****

%
 o

f 
to

ta
l 
c
e
lls

Day1     Day7

0  4  0  4 (Gy)

Tumor/CD8

Day 1

Day 7

RT-mediated immune activation is not durable.  

IFNg+ TNFa+

CD4 T cells
GzmB+

CD8 T Cells

CD8 T cell 

infiltration

C
D

8
+

 T
 c

e
lls

  
in

 

C
a

n
c
e
r 

 I
s
le

ts
 



Treatment window for combination treatment 

4 Gy X 3

α PD-1 >
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Days after tumor implantation
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What are the mechanisms by which 4Gy RT 

improves efficacy of PD-1 blockade.



CD103+ DCs in dLNs.
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genes
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Identification of lung resident club cell gene signature in RT treated HKP1 lungs    
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 Non ciliated epithelial progenitor cells localized in the upper airways 

(bronchioles). 

Known functions

 Differentiate into epithelial cells to regenerate injured bronchiolar 

epithelium

 Major secretory cell: produce secretoglobins (SCGB1A1/ CC10) and  

pulmonary surfactants.

 Regulates airway inflammation.

Altorki et al. Nat. Rev. Cancer 2019

Club cells  (Clara cells) 
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Scgb1a1- CreER x   lox-stop-lox DTR

Conditional genetic ablation of Club cells 
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+ Tamoxifen
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Synaptsome associated protein 23 (SNAP23) regulates 

intracellular vesicle fusion to membranes

t-SNARE 

complex



Scgb1a1- CreER x   SNAP23 flox/flox

+ Tamoxifen

Club cell-specific conditional KO of  synaptsome associated 

protein 23 (SNAP23)
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Myeloid cells and their immunosuppressive activity.
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BALF from RT treated mice reduces immunosuppressive 

activity of Myeloid cells
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(n=30)
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Randomized phase II neoadjuvant trial of durvalumab with SBRT in 

patients with resectable NSCLC (NCT02904954).
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SBRT/DurvaDurva

Altorki ….Formenti et al.  Lancet Oncol, 2021
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Summary

• A specific dose of subablative RT was identified that increased T cell infiltration and effector phenotypes.

• RT as a single agent did not generate durable anti-tumor immunity.

• RT  in combination with PD1 blockade conferred tumor regression and improved survival in mouse NSCLC 

models 

• Uncovered immune-modulating functions of RT-activated lung resident Scgb1a1+ club cells.

• Identified importance of RT-activated club cell seretome in improving the efficacy of ICI. 

• A set of 8 club cells secretory proteins inhibited immunosuppressive myeloid cells, reduced pro-tumor 

inflammatory mediators, and enhanced anti-tumor immunity to improve the efficacy of ICI. 

• Notably, CC10, a member of the club cell secretome was increased in the plasma of NSCLC patients who 

responded to RT in combination with ICI. 

• Our data suggest that future neoadjuvant radioimmunotherapy clinical trial in NSCLC may consider RT 

doses that can effectively mediate activation of lung resident club cells to achieve maximal therapeutic 

efficacy.

• Club cell factors may be developed as inhibitors of myeloid suppressor cells. 



Figure 1. The secretome of club cells reduced accumulations of CAFs co-

localizing with HKP1 tumor. 

Representative stitched immunofluorescent images of 0Gy (mock) and 4Gy-RT-radiated 

HKP1 lobes from wt control mice (Scgb1a1cre/ Snap23wt) and mice harboring club cell-

specific Snap23 knock-out (Scgb1a1cre/ Snap23fl/fl). Sections were stained with α-SMA (a 

fibroblast marker, green,) and E-cadherin (tumor islets, red). Scale bar:100µM
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