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Timeline of Recent Advances in Lung Cancer

First ALK resistance Lung Squamous TCGA TMB and
T790M mutation | anti- PD-1
EG_FR : sensitivity
resistance mutation .
| RET and ROS fusions |

! ALK Lung Adeno TCGA
EGFR mUtationS rearrangements ‘

2004 2005 2006 2007 2008 2009 2010 2011 2012 2013 2014 2015 2016 2017

Crizotinib - Ceritinib —accelerated
accelerated approval approval for ALK+
for ALK + lung

Erlotinib 2nd

- crizotinib resistant LC P
line NSCLC cancer : | Alectinib
.. .. approval for
Erlotinib and Afatinib Osimertinib ALK+ crizotinib
1stline EGFR + lung approved for resistant LC
cancer. EGFR T790M +

lung cancers

|
Nivolumab, Pembro, Atezo

approved for 2nd line treatment

Targeted therapies and immunotherapies have
Adapted from K. Politi and R. Herbst, CCR (2015)
transformed the lung cancer treatment landscape

and R S Herbst et al. Nature 553, 446454 (2018)
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Immune Checkpoints as Therapeutic Targets

Immune cell

T cell
Tumor cell

Nivolumab (anti-PD1)
2"d line approval 2015

Pembrolizumab (anti-PD1)
2"d line approval 2015
1s-line approval 2016
PD-L1 positive tumors

Atezolizumab (anti-PDL1)
2"d line approval 2015

© 2015 American Association for Cancer Research

CCR Focus AACGR

Jean-Charles Soria et al. CCR 2015;21:2256-2262
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Immune Checkpoint Inhibitors are Frequently Not
Curative in Lung Cancer

B Duration of Response

—=p Median duration of
- response 12-25 months
= (2-3x greater than chemo)
52% (29 of 56

™ Nivolumab patients with
g ongoing
=3 response)
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< —= - @ Time to first response

% — 14& (5 of}6 M During nivolumab treatment

Docetaxel e — patiants with During docetaxel treatment
S — ongoing uring docetaxel treatme
= e response) M After discontinuation
—=_ of treatment
———— z
3 TR ] — Ongoing response
T T
0 16 32 48 64 80 96 12

Weeks

What are the cellular and molecular mechanisms of
acquired resistance to immune checkpoint
Inhibitors in lung cancer?

Borghaei et al., NEJM 2015
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Cohort of Patients with Resistance to Immune
Checkpoint Inhibitors

Pre-Treatment
(+/ Intervening Therapy)
= Tumor Tissue
= Germline DNA

Response Re5|stance
= Tumor Tissue
= PDX
Analysis

= Exome Sequencing
= RNA Sequencing
= Quantitative Immunofluorescence

Identification of
Resistance Specific
Alterations
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Patient

Anti-PD-L1/ EGFR TKI/ Anti-PD-1
Anti-CTLA-4 (after progression on
n=1 EGFR TKI)

Anti-PD-L1

n=4
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Acquired Resistance to Anti-PD-L1 plus Anti-CTLA4
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3

44,6M, 448\ 450M 452M ~ 454M
o Comana

TRiNes") $oRD GAT)
Cisorit3’ SHFI  saRDL
PO

ipsh ‘Duoxaz
EPBaZ) | CMTIB: Y DUOXAY
TUBGCPA" | SERICA PATLZI  DUOXE

Gettinger, Choi, Hastings, Truini, Datar et al.,
Cancer Disc. 2017
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What i1s Next?

Functionally Establish
test tsat‘ 'S t
_mmmmmp mechanisms of =y SUACGIES 10

acquired ove_rcome
resistance in resistance

Candidate VIVO

Resn_stance * Immunocompetent system

Drivers « Sensitive to the immunotherapy under investigation
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A Transplantable Lung Cancer Model with
Sensitivity to PD-1 Blockade

Successful Immunotherapy against a Transplantable ®Mk ]
Mouse Squamous Lung Carcinoma with Anti-PD-1 and UNSCC680AJ (AJ WT) (PD-1 pilot)
Anti-CD137 Monoclonal Antibodies

Arantza Azpilikueta, BSc,® Jackeline Agorreta, PhD,™¢ Sara Labiano, BSc,®

José Luis Pérez-Gracia, MD, PhD,“ Alfonso R. Sanchez-Paulete, BSc,? 140~ o |sotype
M. Angela Aznar, PhD,? Daniel Ajona, PhD,>* Ignacio Gil-Bazo, MD, PhD,° —_ PD-1
Marta Larrayoz, PhD,*° Alvaro Teijeira, PhD,* Maria E. Rodriguez-Ruiz, MD, PhD,® @_" 1204
Ruben Pio, PharmD, PhD,¢ Luis M. Montuenga, PhD,®° Ignacio Melero, MD, PhD* 9 S
“Department of Immunolegy, Center for Applied Medical Research, Universidad de Navarra é 100-
Program in Solid Tumors and Biomarkers, Center for Applied Medical Research, Universidad de Navarra Q
‘Department of Histology and Pathology, Universidad de Navarra 80_
9pepartment of Oncology and Clinical Trial Unit, Clinica Universidad de Navarra E
“Department of Biochemistry and Genetics, Universidad de Navarra =
S 60+
>
1SS
. . S 401 -
« UN-SCC680AJ line derived from NCTU 5 5 [ -1 1
. - -
carcinogen treatment | 1]
0' 1 1 ]

| | |
1 4 7 10 13 16 19

 ~200 non-synonymous mutations Days after tumor cell injection
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B2M Loss Confers Resistance to anti-PD1 In Vivo

Implant modified tumor Treat with Harvest tumors N Q>
cells into recipient mice ICI for assessment Q(D \§
Weeks | | Monitor tumor volume @ C\)O OQ
0 1 3 N 6% $
> Qo Q¢ < — = Empty Vector (Isotype)
s & c\/& (\/@ mElGO' - B2m Knockout (Isotype)
‘gz: Q;c? Q' Q = | = B2m Knockout (anti-PD-1)
L L S E140 i
® 1207
|——— | 52\ £ 1001
—— Actin -5 801
UN-SCC680AJ 2 60’
Responsive to ICIs  Resistant to ICls cells Q 407
g 20-.
l_ _— b 4 Y

= T T T T T T T
6 -3 0 3 6 9 1215
Days after treatment initiation

Katherine Hastings, Anna Truini
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Testing other Candidate Resistance Drivers of

Pre-

immunotherapy
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Acquired Resistance to ICls

Alterations
M Multi-copy amplification
1 Heterozygous loss
Homozygous deletion
B Somatic nonsynonymous mutation
W Somatic loss-of-function mutation

—
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Modeling and Overcoming Resistance to ICls

Pten loss
Empty Vector — = Empty Vector (Isotype)
mE160' == B2m Knockout (Isotype)
400~ 400+ = == B2m Knockout (anti-PD-1)
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T pD1  E 300- anti-PD-1 @ 1201
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"© 250 o 250+ S 1001
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° 0 1; é 6 1_2 1-;5 1I8 2I1 2I4 0 '! T T : T T T T T E / _ - : =
Days after treatment initiation 0 3 6 9 12 15 . .1.8 . 21 24 '6 3 O 3 6 9 12 15
Days after treatment initiation
1 Days after treatment initiation
* VEGF blockade = NK ce_IIs
* Myeloid cells
« CARTcells

e T-cell/tumor cell antibodies
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B2M Loss at Resistance to ICIs in PDXs

-+ PBS

#26 #3 #23 #7 #8
- — B2M

— Actin

#26 #3 #23 #7 #8

100 100 100 100 100
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0107 10° 10 10° o 10° 10t 10° o 10° 10% 10° 010° 10° 10t 10° 010 108 10t 10°

B2M D

B2M* Control
PDX

Katherine Hastings, Anna Truini, Ryan Sowell
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Multiple Genetic and Non-genetic Processes can
Lead to Defects in MHC | Antigen Presentation

PBS IFN-

14.4 5.2] » 258 26.1

4

Case #26 ! ;.e J - Immune InthItOI’y S|gnallng?
B2M low ;

Case #23 :;
B2M null  ~
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B2M low I - Other mechanisms?
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Case#8 j :: i i ; : f.

B2M high =,

0107 10° 10* 10° 0

Katherine Hastings, Anna Truini, Ryan Sowell
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Summary

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.
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Treatment Paradigms for EGFR Mutant Lung Cancer

T790M+ C797S+
34 Gen. EGFR
Unknown mutant-specific TKI:
1st or 2" Gen. EGFR TKI: osimertinib
Erlotinib, gefitinib, afatinib — >
. PFS ~ 9 - 13 months

»

PES ~ 12 months T790M Response Rate ~ 70%

Response Rate ~ 70%

TKI-Naive EGFR
mutant tumor

T790M
EHER2
SCLC
MET
EMT
m BRAF
PIK3CA

PFS ~ 19 months
Response Rate ~ 80%

Adapted from Politi et al., Cancer Cell 2015
Soria et al., NEJM 2017

SmiLow CANCER HosPITAL

AT YALE-NEwW HAVEN



Mouse Models of EGFR Mutant Lung Cancer

» Immuno-competent
Mutant EGFR expressed  mouse model
DOX in Type Il lung epithelial

CCSP-rtTA
etO-mutEGFR

‘ - . .
: cells » Tetracycline inducible
when mice are given
doxycycline » Reversible

: 5 ’ EGFRLR+T790M W e ek S

' \ = N 0-Pretreatment  3-ON Erlotinib  22-ON Erlotinib
Tumor volume

0.17 cm3 0.02 cms3 0.12 c |

8

§<

Politi et al., 2006 Takezawa et al., 2012
Regales et al., 2007 De Bruin et al., 2014
Politi et al., 2010 Pirazzoli et al., 2014
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The Immunosuppressive Microenvironment in Murine
EGFR8>8R —induced Lung Adenocarcinomas is
Partially Reversed by Erlotinib.

D 20-

. B CD3+ CD8+ T cells
| Bl CD3+ CD4+ T cells

-
(3]

% of CD45+ ¢
o

CCSP-rtTA; TetO-EGFRL88R 5
MRI MRI 0
\ ¥ 6-7 wks f 2 wks +  erlotinib
[ 2= ) NL tumor-bearing lungs
.I I T T T 2
v g 15 *_Nns
tumor induction +/-erlotinib  collect lungs - | 3 normal lun
thd 4 i
Wi oX < Il tumor-bearing, - erlotinib
8 10- E= tumor-bearing, + erlotinib
o
% ) ILE
o
L
S 0
S

Ayeni et al., bioRxiv 254847, doi: https://doi.org/10.1101/254847 lunas spleen
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Changes In T cells in the Immune Microenvironment
are Due to Tumor Regression

30-
[%2)
CCSP-rtTA; TetO-EGFRL8%8R MRI o)
or $ 20-
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N i +T790M S
U = 0-
. > SIS ESS
\ ~ 0 S & & & 9
Sl Oipa F&e &S
tumor induction e v L858R g P &
with dox < AN ;A only \‘f)o \3()0 qu_ '<\o) '<\0_)
collect lungs \‘fvo &
S &
NN

Ayeni et al., bioRxiv 254847, doi: https://doi.org/10.1101/254847
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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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The Politi Lab
medicine. yale.edu/labs/politi
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