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Timeline of Recent Advances in Lung Cancer  

Adapted from K. Politi and R. Herbst, CCR (2015)

and R S Herbst et al. Nature 553, 446–454 (2018)

Targeted therapies and immunotherapies have 

transformed the lung cancer treatment landscape
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Immune Checkpoints as Therapeutic Targets

Jean-Charles Soria et al. CCR 2015;21:2256-2262

Nivolumab (anti-PD1)

2nd line approval 2015

Pembrolizumab (anti-PD1)

2nd line approval 2015

1st-line approval 2016

PD-L1 positive tumors

Atezolizumab (anti-PDL1)

2nd line approval 2015



Borghaei et al., NEJM 2015

What are the cellular and molecular mechanisms of 

acquired resistance to immune checkpoint 

inhibitors in lung cancer?

Median duration of 

response 12-25 months 

(2-3x greater than chemo)

Immune Checkpoint Inhibitors are Frequently Not 

Curative in Lung Cancer
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Acquired Resistance to Anti-PD-L1 plus Anti-CTLA4
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What is Next?

Candidate 

Resistance 

Drivers

Establish 

strategies to 

overcome 

resistance 

Functionally 

test 

mechanisms of 

acquired 

resistance in 

vivo

• Immunocompetent system

• Sensitive to the immunotherapy under investigation



A Transplantable Lung Cancer Model with 

Sensitivity to PD-1 Blockade 

• UN-SCC680AJ line derived from NCTU 

carcinogen treatment

• ~200 non-synonymous mutations 
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B2M Loss Confers Resistance to anti-PD1 In Vivo
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Testing other Candidate Resistance Drivers of 

Acquired Resistance to ICIs

sgB2MCONT

Weeks
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Harvest tumors 

for assessment
Monitor tumor volume
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Implant modified tumor 

cells into recipient mice

Responsive to ICIs Resistant to ICIs
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Modeling and Overcoming Resistance to ICIs
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• VEGF blockade
• NK cells

• Myeloid cells

• CAR T cells

• T-cell/tumor cell antibodies



B2M Loss at Resistance to ICIs in PDXs
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Immune inhibitory signaling?

Epigenetic silencing of MHC I genes?

Other mechanisms?

Multiple Genetic and Non-genetic Processes can 

Lead to Defects in MHC I Antigen Presentation



Transplantable models can be used to model resistance to ICIs in vivo and to 

study approaches to overcome resistance.

PDXs of tumors resistant to immune checkpoint inhibitors are valuable tools to 

understand the permissiveness of the tumor to respond to immune stimulation 

and confirm genomic alterations.

Summary



Treatment Paradigms for EGFR Mutant Lung Cancer 

Adapted from Politi et al., Cancer Cell 2015

Soria et al., NEJM 2017 

PFS ~ 12 months

Response Rate ~ 70%
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Erlotinib, gefitinib, afatinib
PFS ~ 9 - 13 months

Response Rate ~ 70%

PFS ~ 19 months

Response Rate ~ 80%



Mouse Models of EGFR Mutant Lung Cancer
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The Immunosuppressive Microenvironment in Murine 

EGFRL858R –induced Lung Adenocarcinomas is 

Partially Reversed by Erlotinib. 

MRI

CCSP-rtTA; TetO-EGFRL858R

tumor induction
with dox

+/-erlotinib     collect lungs           

6-7 wks 2 wks

MRI

normal untreated erlotinib 

0

5

10

15

20

%
 o

f 
C

D
4
5

+
 c

e
ll
s

T Cells in the Lungs

CD3+ CD4+ (T cells)

CD3+ CD8+ (T cells)

- - + erlotinib

%
 o

f 
C

D
4
5
+

 c
e

lls

*

untr
ea

te
d L

85
8R

er
lo

tin
ib

 L
85

8R

off 
dox 

L85
8R

untr
ea

te
d L

85
8R

+T
79

0M

er
lo

tin
ib

 L
85

8R
+T

79
0M

 

0

10

20

30

%
 o

f 
C

D
4
5
+

  
c
e
ll
s

T Cells in the Lungs

CD4 T cells

CD8 T cellsCD3+ CD8+ T cells

CD3+ CD4+ T cells

NL           tumor-bearing lungs

lungs            spleen

FOXP3 on CD4 T cells

lungs spleen

0

5

10

15

%
 o

f 
C

D
4
+

 F
O

X
P

3
 C

e
ll
s

normal 

untreated

erlotinib 

%
 o

f 
F

o
x
P

3
+

 C
D

4
+

 T
 c

e
lls

 

ns*FOXP3 on CD4 T cells

lungs spleen
0

5

10

15

%
 o

f 
C

D
4
+
 F

O
X

P
3
 C

e
ll
s

normal 

untreated

erlotinib 

normal lung

tumor-bearing, - erlotinib 

tumor-bearing, + erlotinib

Ayeni et al., bioRxiv 254847; doi: https://doi.org/10.1101/254847



Changes in T cells in the Immune Microenvironment

are Due to Tumor Regression 
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Summary

Genetically engineered mouse models can be valuable tools to study:

• What the characteristics of the immune microenvironment are in specific 

tumor models.

• How therapies like EGFR TKIs modulate the immune microenvironment.

• What role immune cells play in tumorigenesis and response to therapy.

• What is the therapeutic efficacy of drug combinations that include 

immunotherapies.

There are limitations to these models. For example, the tumor mutational 

burden is often different between the mouse tumors and human tumor.
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