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Statement of Need/Program Overview

This symposium is infended to improve care of patients with non-small cell lung cancer and
head & neck cancer by accelerating adoption of new guidelines and evidence-based
practice change. The format will include didactic lectures from known opinion leaders,
question and answer sessions, and ample opportunity for participant interaction with faculty.

Target Audience

This symposium is directed primarily to hematologists/oncologists, radiation oncologists,
researchers, pharmacists, registered nurses, physician assistants, nurse practitioners and fellows
in fraining inferested in new development in non-small cell lung cancer and head & neck
cancer. No specific skill or knowledge other than a basic training in hematology/oncology is
required for successful participation in this activity.

Learning Objectives

* Select NSCLC patients based on hew molecular profiling for personalized chemotherapy

* QOutline the clinical data on the use of epidermal growth factor receptor (EGFR) and EGFR-
T790M-inhibitors in the treatment of NSCLC

* |dentify strategies to overcome secondary or acquired resistance to EGFR-positive and
EGFR-T790M—positive NSCLC

* QOutline the clinical data on the optimal use of anti-PD-1 and PD-L1 antibodies in the
treatment of NSCLC

* Outline the clinical data on the optimal use of anti-PD-1, PD-L1 antibodies and
combination approaches in the tfreatment of NSCLC

* Outline the mechanisms of action of PD-1 and PD-L1 blockade in SCCHN with high
mutational burden and implication of immune resistance in SCCHN

* Evaluate PD-1/PD-L1 interactions that contribute to better outcomes for patients with
SCCHN

* |dentify strategies in the treatment of NSCLC patients with ALK inhibitors

* |dentify strategies to overcome secondary or acquired ALK TKI resistance in patients with
NSCLC

e




Changing Treatment Paradigms with Immunotherapy and Targeted Therapy

in Advanced Non-Small-Cell Lung Cancer and Head & Neck Cancer

Agenda

SATURDAY - October 27, 2018
7:00 AM  Registration and Continental Breakfast

7:55 AM Welcome and Introductions John Heymach, MD
EGFR-TKI TARGETED THERAPY

8:00 AM  Pretest — Case Report Vignettes....oooovvveeeeccivieeeeeeeeneen, John V. Heymach, MD, PhD /

Don L. Gibbons, MD, PhD

8:15 AM  Molecular Profiling in the Treatment of NSCLC.: ................. John V. Heymach, MD, PhD

Guidelines from the CAP, IASLC and AMP

8:45 AM  EGFR Inhibitors: Perspective on Molecular Markers and....... Don L. Gibbons, MD, PhD
Patient Selection

9:15 AM  Emerging Strategies and Challenges Due to Secondary.....Don L. Gibbons, MD, PhD
or Acquired EGFR-TKI Resistance

9:45 AM  Posttest — Case Report Vignettes.....ovvvvvvcciiiieeeeeecciineen, John V. Heymach, MD, PhD /
Don L. Gibbons, MD, PhD

IMMUNOTHERAPY - NSCLC

10:15 AM  Pretest — Case Report Vignettes.....oovvviieeeieeeccciiieeee. John V. Heymach, MD, PhD /
Jianjun Zhang, MD, PhD

10:30 AM  Immunotherapy with PD-1/PD-L1 (Nivolumalb, Pembrolizumab, .....John V. Heymach, MD
Durvalumab) and Anti CTLA-4 (Ipiimumab) Antibodies in NSCLC

11:00 AM  Immunotherapy with Anti-PD-L1 (Pembrolizumab) and ......... Jianjun Zhang, MD, PhD
Combination Therapy Approaches in NSCLC
11:30 AM Posttest — Case Report Vignettes .....ooovvvivieeeeeeccciiieeeeen. John V. Heymach, MD, PhD /

Jianjun Zhang, MD, PhD
IMMUNOTHERAPY - HEAD & NECK CANCER
11:45 AM  Pretest — Case Report Vignettes.. .., Tanguy Seiwert, MD

12:00 PM  Overview of Molecular, Histologic Tumor Testing, High.................. Tanguy Seiwert, MD
Mutational Burden and Implication of Immune Resistance in
HPV-associated Head & Heck Cancer

12:30 PM  LUNCH

1:15PM  Immunotherapy Options in the Treatment of Metastatic.............. Tanguy Seiwert, MD
Head & Heck Cancer
1:45 PM  Posttest — Case Report VIgNettes ....ouvvviiiiiieeeeeeeeeeeeeee Tanguy Seiwert, MD
ALK-REARRANGED -TKI TARGETED THERAPY
2:00 PM  Pretest — Case Report Vignettes.....oooveeeeecnnvennnenn. Anne Tsao, MD / Vincent Lam, MD
2:15PM  Overview of Molecular Targeted Therapy on the Outcome of ............. Anne Tsao, MD

Early-stage NSCLC Patients with EML4-ALK Fusion Gene and the Application of TKls

2:45PM  BREAK

3:00 PM  Discuss Emerging Strategies and Challenges Due to Secondary......Vincent Lam, MD
or Acquired Resistance to Small Molecule TKls in Patients with ALK-rearranged NSCLC

3:30 PM  Posttest — Case Report Vignettes.....ooeecnneennnennn. Anne Tsao, MD / Vincent Lam, MD
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Assistant Professor, Department ofThoracic/Head and Neck Medical
Oncology, Division of Cancer Medicine, The University of Texas MD Anderson
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Assistant Professor, Head & Neck and Lung Cancer Division, The University of
Chicago Medicine, Chicago, IL

Anne Tsao, MD

Professor, Department of Thoracic/Head and Neck Medical Oncology,
Division of Cancer Medicine, The University of Texas MD Anderson Cancer
Center, Houston, TX
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Assistant Professor, Department of Thoracic/Head and Neck Medical
Oncology, Division of Cancer Medicine, The University of Texas MD Anderson
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Disclosure of Relevant Financial Relationships

Amedco, assess conflicts of interest with its instructors, planners, managers and other
individuals who are in a position to control the content of CME/CE activities. Allrelevant
financial relationships are idenftified and conflicts of interest are resolved prior to the
activity to ensure fair balance, scientific objectivity of studies utilized in this activity,
and validity of patient care recommendations. Amedco is committed to providing
its learners with high quality CME/CE activities and related materials that promote
improvements or quality in healthcare and not a specific proprietary business interest
of a commercial interest.

The faculty reported the following financial relationships or relationships to products or
devices they or their spouse/life partner have with commercial interests related to the
content of this CME/CE activity:
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Don L. Gibbons, MD, PhD Advisory Board: Sanofi, Janssen Research and
Development

Research Support: Janssen Research and Development,
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Therapeutics
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Consultant: Geneplus
Speakers’ Bureau: OrigiMed, Geneplus, Innovent

| Kamatham A. Naidu, PhD | No relevant financial relationships |

All other individuals in a position to control content have no relevant financial
relationships to disclose.




Changing Treatment Paradigms with Immunotherapy and Targeted Therapy

in Advanced Non-Small-Cell Lung Cancer and Head & Neck Cancer

Physicians/Nurses/Pharmacists
‘ In support of improving patient care, this activity has been planned
'A' and implemented by Amedco LLC and CancerNet. Amedco LLC

is jointly accredited by the Accreditation Council for Continuing
~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ Medical Education (ACCME), the Accreditation Council for Pharmacy
Education (ACPE), and the American Nurses Credentialing Center (ANCC), to
provide continuing education for the healthcare team.

Credit Designation - Amedco LLC designates this live activity for a maximum of 6.5
AMA PRA Category 1 Credits™ for physicians, 6.5 contact hours for nurses and 6.5
knowledge-based contact hours for pharmacists. Learners should claim only the
credit commensurate with the extent of their participation in the activity.

Participants may reserve guest rooms by calling (713) 796-0080

Changing Treatment Paradigms with Immunotherapy and Targeted Therapy
in Advanced Non-Small-Cell Lung Cancer and Head & Neck Cancer

REGISTRATION FORM

First Name Middle Initial Last Name
Q Physician  QPa-C QONP QPhD QOPharmacist QO Industry O Nurse QO Other
Mailing Address

City State Zip Code
Phone Fax Fax registration to:
E-Mail 443-267-0016

.. Mail registration to:
Speciality 860 Hebron Pkwy, Suite 1104
Pharmacists only: Lewisville, TX 75057
NABP e-profile # Birth Date (MMDD):

Registration Fee
Registration fee partially covers breakfast buffet, lunch and syllabus book
Early Registration Fee  Discounted Registration  Regular Registration

(Up to 10/5/18) Fee (10/6/18-10/20/18) Fee(10/21/18-10/27/18)
Q Physicians $100.00 $130.00 $160.00
Q Registered Nurses, Nurse Practitioners, Physician Assistants $75.00 $95.00 $115.00
a Pharmacists, Fellow $75.00 $95.00 $115.00
Q Industry $350.00 $400.00 $450.00

1 Person(s) employed by for-profit organizations such as pharmaceutical and biotech companies, and financial institutions

No Refund. Substitution is allowed
Payment may be made: QO MC QVisa QO Discover QO Check

Credit Card Number Expiration Date

Name and address (as given on the monthly credit card statement)

Signature

Register online at www.cancernetus.com

Please make checks payable fo CancerNet, LLC. Mailchecksto CancerNet, LLC, 860 Hebron Pkwy, Suite 1104, Lewisville, TX 75057
To reserve your place for the meeting, please complete the registration form and fax it to 443-267-0016. For questions, please
call Brian Waggoner at 972-459-5222 or E-mail: brianw@cancernetus.com




Molecular Profiling in the Treatment of NSCLC: Guidelines from the
CAP, IASLC and AMP

John V. Heymach, MD, PhD



Molecular Profiling in the Treatment of NSCLC:
Guidelines from the CAP, IASLC and AMP

John Heymach, MD, PhD.
Chair, Dept. of Thoracic/Head and Neck Medical Oncology
David Bruton, Jr. Chair in Cancer Research

Changing Treatment Paradigms with Immunotherapy and
Targeted Therapy in Advanced Non-Small-Cell Lung Cancer
and Head & Neck Cancer
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* Royalties and Licensing fees — Spectrum
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Key points regarding molecular profiling for NSCLC

NSCLC landscape 2018: Major Mutation Subgroups

* We now have a lot of new drugs that are effective for mutation-defined
subgroups
— 2015: EGFR (classical), ALK
— 2018: EGFR (classical, atypicals), ALK, ROS1, BRAF
— Active drugs with potential approvals in near future: MET exon 14 splice, RET fusion,
NTRK fusion, EGFR exon 20, HER2 mutant
« Survival can be improved by years using appropriate TKls
« Making sure targetable oncogenic drivers are detected may be the most
important thing medical oncology team does
« Oh yeah: now we have immunotherapy markers (but everyone should now
get immunotherapy anyway)

« Proper profiling is critical for optimum management

MDD AL SOT1
faear Conter

NSCLC

EML4-ALK Thin slice group
fusion (1-4%)
(4%)
. BRAF, RET
Resistance fusions, MET,
HER2

MDD Anderson
f—strees Conter

Consider KRAS

Comparison of Top Four Chemotherapy Doublets for NSCLC
Patients (2002)

10 — it Paciaxe -

—— Cisplatin/Gemeitabine No significant
stage 08 T ot differences
nBIv 0.6 Median overall
Patient survival 7.9 m

Survival, 0.4
%

0.2

0.0

T T T 1
0 5 10 15 20 25 30

Months

Objective response
rate 19%

Triplets not better
than doublets

Schiller JH et al. N Engl J Med. 2002;346:92-98.

Advances in Mutation-defined Subgroups




FLAURA Phase lll Study: Osimertinib Prolongs PFS Compared
with Gefitinib/Erlotinib

Osimertinib Approved as First-line Therapy for EGFR M+ NSCLC

No.of  Median PFS

PFS (Inv) paionts " 58 G
Osimertinib 279 189(152-214)
Standard EGFRTKI 277 102 (96-11.1)

HR for disease progression or death, 0.46 (95% C,
0.37-057), P<0.001

Probability of Progression-free
Survival

0 3 & 9

5

No. at Risk Month
Osimertinib 279 262 233 210 178 139 71 26 4 0

Standard 277 239 197 152 107 78 37 10 2 0
EGFR-TKI

f—sreee Conter EGFR, plor; HR, hazard rato; PFS, A
Soria JC et al. N Engl ) Med. 2018,378(2).113-125.

April 18,2018: FDA approved osimertinib for 1L EGFR M+ (exon 19, L858R)
NSCLC based on FLAURA

NCCN guidelines updated to include osimertinib for first-line therapy

FDA label includes safety info:

— Cardiomyopathy: 1.9% with LVEF drop >10% in 4% of patients. Baseline
and periodic LVEF assessment recommended

— QT prolongation: 2.9% had increase >60ms; no arrhythmias. Periodic
monitoring if congenital QT, CHF, electrolyte abnormalities, meds that

~_prolong QT.

f—srreee Conler

EGFR, plor; FDA, EF, NCCN,
National Comprehensive Cancer Network; NSCLC, non-smallcel lung cancr.

ALEX: Alectinib Vs Crizotinib for 1L ALK+ NSCLC

ASCEND-4: Ceritinib vs Crizotinib for 1L ALK+

Primary endpoint: PFS os Cumulative incidence
HR 0.48 HR0.76 of CNS mets
P<.001 P<24 Crizo: 41.4%
- Alec: 9.4%
I ! ==
£ = '
],’ . i il
L §
1 it

1L, frstline; Alec, alectnib; ALK,
crizotinb; HR,
Peters S et al. N Engl) Med 2017;377:829-836,

inpeviin e il
’ .
’
'
]
'
i

hazard rafo.

1L, frstine; ALK,
Soria JC et al. Lancet. 2017- 4,389(10072):917.929.

Summary of ALK+ Space

Crizotinib has Marked Antitumor Activity in Advanced
ROS1-rearranged NSCLC

1. 1L: Alectinib superior to crizotinib in ALEX and J-ALEX, better tolerated
better CNS activity. New standard
— FDA appoved for 1L NSCLC November 6, 2017

2. Ceritinib (ASCEND-4) also improves PFS vs Crizo, but PFS shorter (~16m),
tolerability not as good as alectinib
— FDA approved May 26, 2017

3. Brigatinib (ALTA-1L) improved PFS vs crizotinib

4. 2L space:
a) Brigatinib and ceritinib likely to be most used
b) Lorlatinib with promising data, could move into this space

D Anderson 1L, fstiine; 2L, secondine: ALK, ' contralnervous
fmsrreee Conter system; Ciizo,Gizolnib; P, PO-L1 TLPES,
sunvival: VEGFi, vascular endothelial growth facor nhibitr.

[ep—
-  Disease progression Complete response %
»] » Stable desease
vl Partial response 6%
= * Patial response
i: # Complete reiponse Stable Disease 18%
3 I v “ Progressive Disease %
¥ - ORR 2%
w o Med Duration of | 17.6 months.
| response
3 T MPFS: 19.2
. Months
br 4 e
—

]

T ———
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2 w——

i March 11, 2016: Crizotinib FDA-approved for ROS-1 NSCLC
et - i Shaw ANEJM 2018




Antitumor Activity of BLU-667 Across Ret-driven Solid
Tumor Models In Vivo

Clinical Activity of LOX0-292 RET Inhibitor in Patients with
RET Fusion+ NSCLC

ST
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i 1nC M
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ORR 68% (R 26/38)
(35% CI) (51-83%)
Confirmed ORR®  68% (n=25/37)
(95% CI) (50-82%)
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Poziotinib is Active in EGFR Exon 20 Mutant NSCLC

Dabrafenib plus trametinib in patients with previously
treated BRAF™™-mutant metastatic non-small cell lung

Poziotinib efficacy in EGFR Exon 20 mutant NSCLC

Evaluable patients n=44)
(Evaluable patients n=44) mm Progressive Disease (PD)

Stable Disease (SD)
M Partial Response (PR)
B Response not confirmed/
Follow-up Pendin

3

i ORR (best response): 55%
ORR (confirmed): 43%

* ok
*
o ko *IIII
L2 |

3

&

Maximum Response from Baseline
Fy 8

* Remains on treatment

Heymach et al, WCLC 2018

cancer: an open-label, multicentre phase 2 trial

. 1| Objective response rate (Inv):63%
: :hll- ?
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MDD Anderson
fCanees Center

Plancard et al, Lancet Oncology 2016

Other Advances in Subgroups

» Dabrafenib and trametinib approved for BRAF-mutant (V600E)
NSCLC
— FDA approval June 22, 2017
— Oncomine NGS test approved as diagnostic
— BRF 113928 study (N=97): ORR 63%, mDOR 12.6m

+ Crizotinib, tepotinib highly active for MET exon14 mutant NSCLC

MDD Anderson
e Coenter

Recommendations for Profiling




2018 CAP/IASLC/AMP Recommendations for Profiling

Major Changes in Guidelines

* Who? Why?

“The College of American Pathologists, the International Association for the Study of

Lung Cancer, and the Association for Molecular Pathology convened an expert panel

to develop an evidence-based guideline to help define the key questions and

literature search terms, review abstracts and full articles, and draft recommendations”
R

nderson
NCLeTs

18 new recommendations

1. Profiling should include:
— Absolute minimum: EGFR, ALK, ROS1 for all adenocarcinoma patients
— HER2, MET, BRAF, KRAS, and RET should be included for laboratories

that perform NGS

— Multigene profiling preferred over single tests

2. IHC ok for ALK or IHC. Not for EGFR.

3. cfDNA assays to “rule in” targetable mutations when tissue
limited or hard to obtain

) Anderson

AR Lindeman et al, JTO 2018 AR
Recommendations for Profiling Patients with NCCN Guidelines October 2018
Targetable Mutations Who Progress
. NCCH Guidelines Version 12018
* EGFR mutant NSCLC patients should have T790M ar-SmallCall Lung G
testing (5% allele sensitivity) Adeno, large cell, NSCLG NOS:
. s -EGFR, ALK, ROS1, BRAF
* No recommendation made for profiling AKL mutant -part of broader profiing
patients with PD
Squamous:
~consider EGFR in never
smokers, small bx, mixed histo
-part of broader profiling
-PDL1 testing
“The NCCN NSCLC Guidelines Panel strongly Iadv‘ises‘ broa‘der‘molecular
profiling with the goal of identifying rare driver mutations for which
- . _— . effective drugs may already be available, or to appropriately counsel
yAnderson yAnderson patients regarding the availability of clinical trials. Broad molecular profiling
cerlcnler [=ancerCoenter is a key component of the improvement of care of patients with NSCLC”

What About Plasma Assays?

CAP/IASLC/AMP Recommendations for cfDNA

* On June 1, 2016, the FDA approved cobas plasma EGFR
mutation test v2 (Roche) for the detection of EGFR exon
19 del and L858R

* First “liquid biopsy” approved

» Multiplexed targeted gene assays in plasma available
(Guardant, FoundationOne, etc)

fD Ander
cerCt

» cfDNA may be used to determine EGFR status when
tissue limited or insufficient

» No recommendation for using cfDNA for primary
diagnosis

+ Sensitivity <80% but false positives low: can “rule in” but if
not detected should try to get tissue

D Anderson
cerCenter




Plasma-based Genotyping vs Tumor in Metastatic
NSCLC

Looking Ahead: Potential Applications of Blood-

based Profiling in the Future o7
(not currently recommended)

= Plasma and lissuo detoctad
v I‘-‘\m‘i‘x‘-u.-n
e Conter JAMA Oncol Aggarwall et al 2018
Response of Patients to Plasma-directed . - ; .
P Analysis of cfDNA Profiling from >1000 Patients with
Targeted Therapy Advanced NSCLC: The MDA cohort
86% of patients had PR/CR or SD as best response « N=1078, with Guardant360; :mmlr::j:rs;i::x::sany 927/1078 (86%) tests
CcfDNA reports with at least 1 242/1078 (22.4%) tests
. f P argetable molecular alteration  195/1011(19.3%) patients
outcomesxgaptured in MDA Gemini B = AT
e ot (it database EEE e =
e P £ Lasen + T790m 1
[EGFR/ERBB2 exon insertions 33*
i otrers B
. I T . — « Targetable alterations in 22.4% of tests e Trsou k)
Rt | m m [H that directly led to treatments based on M:;:;n;sé;:ivzsigg w0
3 L 1 ‘N FDA labeling, NCCN guidelines or clinical e fusions -
[ | trials eligibility 5« potetiat lighlyforcincal
: o e
Long-term follow-up (LTFU) for 109/242 (45%) tests
standard of care patients 102/195 (52%) patients.
e — LTFU with imaging of 87/109 (80%) tests
Lmeasurable disease for RECIST__81/102 (79%) patients _|
JAMA Oncol Aggarwall et al 2018 “*MDA protocol PA16-00061 Tran et al, WCLC 2018
Best Response in 81 Patients with ctDNA-identified Alterations Should Profiling be Limited to Non-squamous? or Should
Treated with Targeted Agents we Profile LUSC as Well?

« Analysis of 492 squamous lung pts with

BK s Guardant 360 e [ &7 | 3 | 2
EGFR exon 19 del . .

EGFR T790M

“ h B T e 3 shiing » 10.5% had targetable alterations
2 || _ EGFR (2.8%),

|||||I|......,, — ALK/ROS1 (1.3%),

— BRAF (1.5%)
-------------------- — MET amp/exon 14 skipping (5.1%)

.,
"

% Change in tumor size by RECIST
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MDD Anderson MDD Ande 1 —
cerCenter Tran et al, WCLC 2018 fanearLonter Lam V et al Clinical Lung Cancer 2018




ctDNA First, Tissue First, or Concurrently?

Tissue first CtDNA first concurrent Circulating tumor DNA analysis with a novel variant
« Tissue often needed + Easier for patient « Actionable results as .ge . .
anyway for diagnosis . Typically quicker-no  quickly as possible classifier for recurrence detection in resected, early-
. - i i (may be important for
: m:'/ence;d‘ z:e;:ve need to wait for biopsy earl;l stalge i future) Stage |Ung cancer

Increases likelihood

f catching t: tabl
But: But: of catching targetable

alteration- probably VK. Lam?, H.T. Tran?, L. Diao?, C.C. Wul, M. Vasquez', K. Li?, K. Yuen?, F. Vang®, A. Jaimovich?, D. Kennedy?*, J.I.
« If no actionable - If no actionable seen, the most impactful Odegaard*, S. Mortimer, S. Olsen?, V.M. Raymond®, A. Vaporciyan?, M.B. Antonoff?, G. Walsh?, E. Roarty, L. Lacerda,
alterations seen, do need to send tissue thing an oncﬁ)lugist 1. Roth?, S. Swisher?, C. Bernatchez?, J. Wang?, 1.J. Lee?, B. Sepesi2, D. Gibbons?, J. Zhang?, 1. Heymach?
you send ctDNA « Might need PD-L1 can do 1The University of Texas MD Anderson Cancer Center, Houston, USA
anyway? Or potentially  anyway 2Guardant Health, Medical Affairs, Redwood City, USA
miss some?
. . But:
A « Delays if QNS tissue c _— )
MID A SOT1 ost MDD Anderson
f—smees Conter f—srees Conter
ICON: Prospective Trial for Comprehensive, Longitudinal Project LUNAR: ctDNA Assay for Early-stage

Immunogenomic Profiling of Resected, Early-stage Lung Cancers Detection

Goal: Determine MRD prevalence (detected by ctDNA) in resected, early-stage

Multigene panel designed for >90% theoretical sensitivity across
NSCLC and correlate with recurrence free survival

major cancer types
 Paired tissue is not required

Specificity is improved with a variant classifier trained on ~30,000
i @ 11 R 1 lung cancer patients to help exclude non-tumor related mutations
Mutant allele frequency (AF) < 0.01% detectable

Stage I-llla lung cancer

Preop Surgery 24hr 4wk 4mo  7mo Mmo 13mo .. PD
coNA Whole exome sequencing
Gemiine SNP Neoantigen prediction SNvs Indels
TCR seq TIL, IHC
Flow/CyTOF Flow/CyTOF axri | x| apc | am | ewar | [arc | amm | eorn | ensez |
g;ﬁ"mi ;’:A‘z; | (ToRseq CTNNBL | EGFR | ERBB2 | ESR1 | GATA3 WET | PTEN | sTkaz | Tes3
Blood  gingle cell Tissue  RuAseq etc) T KRAS | MET myc | nwras
Fusions
pkica | PEn | staz | TeRr | es3

ALK

Abbosh et al, Nature 2017 Chabon et al, MA 13.01, WCLC 2017

[ ———

. o Qo The B m Line: Recommendations for
ctDNA Detection at 4 Weeks Identifies High-risk Pts e Botto e. keco . .e dations fo
Molecular Profiling
4 week Pre-op Pre_oz: ﬁﬂue':’eif:de ssed » The landscape is quickly evolving with a growing number of new targeted
7 ¥ ———— z j - agents for genomically defined subgroups, and methods for profiling.
Tl b e | 2 g e i (lrvicte i — Absolute minimum: EGFR, ALK, ROS1 for all adenocarcinoma
3 1 H — = . patients
g fe— § coeces e et - HER2, MET, BRAF, KRAS, and RET should be included for laboratories
Dommaem UMY mEmlan a0 30 that perform NGS
N Vonis ‘ ot — Multigene profiling preferred over single tests
75% PPV / 75% NPV 53% PPV / 7% NPV — IHC ok for ALK, not for EGFR
« 4 week ctDNA detection has high accuracy for recurrence + cfDNA assays to “rule in” targetable mutations when tissue limited/hard to
- 4 k ctDNA detecti iated with RFS i Itivari i i
m‘:::l af:counnn; :)r Is‘::g?i?s‘:;o;y,vr:::oavdljz:/saeni/adju:‘aml:r;:;:::te(p obtain. In future, may be used for TMB or risk

=0.01) _+ Proper profiling is critical for optimum management




Molecular Profiling in the Treatment of NSCLC:
Guidelines from the CAP, IASLC and AMP

John Heymach, MD, PhD.

Chair, Dept. of Thoracic/Head and Neck Medical Oncology
David Bruton, Jr. Chair in Cancer Research

Thank you

Houston
Oct 27, 2018




EGFR Inhibitors: Perspective on Molecular Markers and Patient
Selection

Don L. Gibbons, MD, PhD



EGFR Inhibitors: Perspective Conflict of Interest Disclosure

on Molecular Markers and

Patlent Selectlon Advisory Board: Janssen R&D and Sanofi.
Research Funding: Janssen R&D and AstraZeneca.

October 27, 2018

Don L. Gibbons, MD, PhD

. . Director, Translational Genetic Models Laboratory,
Anderson Dept. of Thoracic/Head & Neck Medical Oncology,
er Center Dept. of Molecular and Cellular Oncology,

= MD Anderson Cancer Center, Houston, TX

Agenda Lung Cancer has High Disease Burden and Mortality

Estimated Deaths

 Evolution of thinking about lung cancer ST
heterogeneity & targetable drivers, e.g. mMEGFR ool

» Current first-line drugs and the evolving usage
based on common resistance mechanisms

* The potential for & cautions of TKI combinations

* New advances in TKI unresponsive EGFR
mutations

Stage Distribution (%)
RN

& 4 F S Siegel et al, 2018

Similar Response Rates Among Frontline
Chemotherapy — No breakout winner

Traditional View of Lung Cancer Circa 2000

~*| Adenocarcinoma ) T .
s . Platinum e : +All randomized
c:rl::?rr::?rl:as * N|on-srlr|a|| o o doublet fiidie studies had similar
ung cancer (carbo/taxol/taxotere/ T
Large cell gemcitabine)
carcinoma
Platinum ; : -Treatment selected
Small cell > .
carcinoma |sma" cel doublet P e based on side effect
ung cancer (cis/etoposide) profile
T —




An Epidemic with Many Faces: The Heterogeneity

of Driver Mutations in NSCLC

Current/former Smokers Never Smokers

Other/
unknown

5%

(adapted from Paik et al, Cancer 2012 & LCMC, ASCO 2011)

Rapidly Evolving View of NSCLC Treatment, Based on
Molecularly-defined Subsets
i

Other Drivers
(1-2%)
1st line EGFR 1st line -e.g., ROS1/RET
TKI ALK TKI fusions
Platinum | EGFRTKI | IALK 1KI ] MEK inh? -
doublet Appropriate

(+/- Bev)
(+/- anti-PD-1)

All histologies: IMT as first line, second line, targeted agent

combination therapy.

Targeting Mutant Oncoproteins: EGFR Signaling &
Therapeutic Inhibition

EGFR Inhibitors Demonstrate that Mutations Confer
Profound Sensitivity

October 2010

Blood & Tissue Mutation Testing

* When possible, obtain a tissue biopsy for testing (or re-
biopsy at progression)

« Cobas EGFR mutation test v2, FDA approved 6/1/16

» First approved blood-based genetic test for EGFR
mutations

« Assays for 42 mutations in exons 18-21

* Blood-based testing with multiple assays is being
increasingly used
- E‘igjdfor multigene panels with Guardant 360 and Foundation One
— Other tests use ddPCR or BEAMing techniques




Prospective Clinical Use of Serum ctDNA Testin

Figure 3. Response of Patients to Plasma-indicated Targeted Therapy s Measured by
Response Evaluation Criteria in Solid Tumews (RECIST)
] show stats and
- outcomes
o wtierts With Thersseutically Targetabie Mutaton
Agganwal JAMA Opncology 201

Sequential Treatment Strategy for EGFR Mutant NSCLC

T

s por

Piotrowska & Sequist, JAMA Oncology, 2016

Choice of First-line Therapy

« Erlotinib, gefitinib and afatinib all approved

» Use had been somewhat interchangeable, or
dependent upon toxicity profiles, until data from
head-to-head comparisons

* And now dacomitinib and osimertinib approved in
2018

* Resistance patterns between the 1st, 2nd & 3
generation TKI’s now critical to selection

LUX-Lung 7: PFS by Independent Review

Gefitinib
(n=159)
5. 08 Median PFS (months) 110 109
2 HR (95% CI) 073 (057-095)
] pvalue 00165
8
£ 06
(%]
@2
o
3 04
g
£
&
024
*p=00176; 1p=0.0184
o
[ 42
No. at risk
fatinib 10 142 112 o4 67 47 34 27 20 13 6 3 1 0 0
Gefitinib 159 132 106 83 52 22 14 9 7 5 3 3 1 0
Park K, et al Lancet Oncol, 2016

LUX-Lung 7: Tumor Shrinkage by Independent

Review
o Del19 o LB58R]
. Afatinib — Afatinib

e from

VA

| 70 (80%) | 45 (74%)
with230%  § with 230%
reduction = reduction
@ -
& Gefitinib - Gefitinib
&
WHMMMW‘ | 68 (77%) { H” HlEhy)
(=18) wih230% 3 g |
(n=27) reduction

reduction
~100. ]

*Based on maximum percentage decrease from baseline in the sum of target lesion diameters

Park K, etal. Lancet Oncol. 2016

LUX-Lung 7: Drug-related AEs (>10%)

Afatinib Gefitinib
(n=160) (n=159)

AE category, n (%) All Grade 3 Grade 4 All Grade 3 Grade 4

Diarrhea 144 (90.0) 19 (11.9) 1(0.6) 97 (61.0) 2(1.3)

Rash/acne* 142 (88.8) 15 (9.4) 129 (81.1) 5(3.1)

Stomatitis* 103 (64.4) 7(4.4) 38 (23.9)

Paronychia* 89 (55.6) 3(1.9) 27 (17.0) 1(0.6)

Dry skin 52(32.5) 59 (37.1)

Pruritus 37 (23.1) 36 (22.6)

Fatigue* 33(20.6) 9(5.6) 23 (14.5)

Decreased appetite 26 (16.3) 1(0.6) 19 (11.9)

Nausea 26 (16.3) 2(1.3) 22(13.8)

Alopecia 17 (10.6) 24 (15.1)

Vomiting 17 (10.6) 6(3.8) 1(0.6)

ALT increased 15 (9.4) 38 (23.9) 12(7.5) 1(0.6)

AST increased 10 (6.3) 33 (20.8) 4(25)

« There were four cases of ILD with gefitinib (three were grade 23) and no cases of ILD with afatinib

~Grouped terms of Aes._Park K etal Lancet Oncol, 2016




Mechanisms of Resistance to 1st & 2"d-generation Osimertinib (AZD9291) Treatment After Resistance
EGFR Tyrosine Kinase Inhibitors to Front-line TKI Therapy

l I Camidge etal., Nat. Rev. Clin. Oncol., 2014. ¥
i
® 3
‘ it « AZD9291=Osimertinib I
Costa et al., Trans. Lung Cancer Res., 2015 \snne PA et al N Engl 1Med 2015,

a
A

&,

Observed Patterns & Mechanisms of Resistance Front-line Use of Osimertinib from Phase I/ll AURA
have Shifted Choice of Front-line TKI Therapy Trial

&= T

Pre-existing

Evaolution

ey

Ramalingan et al., JCO, 2017.

Hata et al_Nature Medicine 2016

Subgroup and PFS for Front-line Use of Osimertinib
from Phase Ill FLAURA Trial

PFS and OS for Front-line Use of Osimertinib from
Phase Ill Randomized FLAURA Trial

URIE

NIRRT RIRIT

Soria J-C etal N EnglJ Med, 2018,

Soria J.C etal, N EnglJ Med, 2018,




Using Immunotherapy to Combat TKI
Resistance & Bend the Survival Curve

Trials with EGFR TKI-IMT Combination

¢ Keynote 021: cohort E, F (+erlotinib, gefitinib), first line

¢ Pembrolizumab + afatinib (UC Davis), erlotinib failure
;:‘S?;?S‘e’f N W — * Nivolumab + erlotinib or Crizotinib (U Utah), 1% line

: Durability * Atezolizumab + erlotinib or Alectinib, 2" line, phase 1/2
¢ TATTON: Osimertinib+Durvalumab, 1, 2" |ine: Halted
¢ CAURAL : phase lll, (Osi+Durva vs Osi) : Halted
* Rociletinib + atezolizumab (UCLA), 2" line : discontinued

¢ Gefitinib + durvalumab (MDACC & multisite) : finished accrual,
data maturing

Wargo et al., Cancer Discovery, 2014.

Combination Therapy Strategies: Gefitinib & Phase 1 Dose-expansion of Gefitinib and Durvalumab

Durvalumab (Anti-PD-L1) (MEDI4736): Design and Changes in Tumor Lesions

. . . o
Escalation phase Expansion phase Expansion phase [ 2L q ARM 1 (concurrent)
Arm A [ Arm A Dost-ticalation phise 1 :8 o
= —\ . N=10 = N=20 A Gebtiid 250 g 0D 2 B
Combine | g Combination L Combination Geftnit 250 mg 0D AN 5% i:
gefitinib and [ Establish I given together given together 2 Durakomat 10 mpleg £g . 2
MEDI4736 to ™| recommended T _ i g il L 25 2%
determine safe dose -§ Arm B =l - © Raseime 46 12 CR LR T H G a6 w g
safe dose < N=1 Geltinb 250 mg 00 a2y L .
E = Give gemionibfor or d ek £s ARM 2 (gefitinib lead-in) ¢
Geltnb 250 mg 00 ot ES 2
s N :
— e Durvaumat 10 mpig* e 5% 3 s
ety 2weels Durvalumab 12 mghy 22 J
. ery I wess £E § .
Biopsies before & on treatment e IR
to study biomarkers of response/resistance Time on sty (woska) *
Gibbons, ELCC, 2016

Dose-expansion Phase: Overall Tolerability

CAURAL Study Design

(Safety Analysis Set)

Phase Ill trial: Sample size of ~350 patients (2 second line) with advanced
“Most common treatment-related EGFRm T790M NSCLC who have received a prior EGFR-TKI
AEs:

Arm1 Arm2 Total

Patients experiencing an event* N-10(%) N-10(%) N=20(%)

Treatment-related AE 10(100)  10(100) 20 (100) —Arm 1
All-cause CTC Grade 3-4 AE 5(50) 7(70) 12 (60) «  Diarrhoea (n=8

ALT increased 3 (30) 5 (50) 8 (40) ALT increased (n=7),
‘Aplastic anemia 0 1(10) 105 rash (n=6)
increased U 3730 EXl —Arm 2

Stratified by:
* Previous
lines of

Central testing

of biopsy

sample taken treatment
Bone pain 1(10) 0 1) . Diarrhoea (n=6), ::"";:r':i (second or
Diarrhoea 0 1(10) 1(5) ALT increased (n=6), pruritis third line) A -
Dryskin 1(10) 0 1(5) (n=6) disease  Ethnicity osimertinib (80 mg p.o QD)
Hyperglycaemia 1(10) 0 1(s) —Treatment-related AEs leading to progression on (e
Hyponatraemia 1(10) 0 1(5) discontinuation: EGFR-TKI
Pneumonitis [ 1(10) 1(s) «Arm 2 only non-Asian
Treat Ur\‘narlv:rzc:_\rncfeact\:n sane i‘:g' oo ‘?5 Increased ALT and / or AST + Approximately 350 patients, consisting of 2 ions will be
reatment-re atef rade (40) (70) (59) (1=23) paiantidh (=4) 1. Second line: Patients who have progressed following an approved first-line EGFR-TKI who have not received
All-cause serious AE 2(20) 2(20) 4(20) furth
Treatment-related AE - discontinuati 0 440) 420 E— RMDECEAE o )
- o s 2. Third line or higher: Patients who have progressed following prior therapy with an approved EGFR-TKI and an
“Patients may have experienced >1 AE; "occurting in over half >5) of patients in each Arm additional anti-cancer treatment. Patients may also have received additional lines of treatment

Arm 1 geftni 250 mg QD plus durvalumab 10 m/kg every 2 weeks

wecks Gibbons, ELCC, 2016 NCT02454933 wwnw.clinicaltrials. gov.




TATTON: Multi-arm Phase IB Trial in Patients

with Acquired Resistance to EGFR TKI

Part A - Do escalstion

AZDO291 (80 mg) + durvalumal (10 mg//kg)
Asia + ROW

Part B - Do exparmion 130 patients

m

AZD3291 (80 mg) + durvalumab (3 mg/kg)
Asla + ROW

s + e HETO K148, TATTON
Dowe1 Caniel St Protocol;
Carvist 3. 8t al. J Clin Oncol 2015;33:(suppl
R 4 e aitriet 29).

Increased ILD with Osimertinib and

Durvalumab Combination

6723 (26%)

Dose 1: Osimertinib 80 mg QD / durvalumab 3 r 210 (20%)
Dose 2: Osimertinib 80 mg QD / durvalumab 10 L 413 (31%)
Part B: Osimertinib 80 mg QD / durvalumab 10 mag! T (B4%)

5 events were Grade 3/4 and there were no fatalities; most cases were managed using steroids

Osimertinib monotherapy 351207 (2.9%)

(entire clinical programme, Phase | and 11)

Durvalumab monotherapy

2311149 (2.0%)

“One patient reportet LD following 13 Nov 2015 data cutoff
TATTON Populatin: saety analyss set daa cutoff: 13 Nov 2015

Ahn, ELCC, 2016

Patients with EGFR or HER2 exon 20 NSCLC

have poor response rates to approved TKls

b o EGIR in NSE|

Gafitinibs- and svioting-sensiising mis
bacmaetal Natuce R Cancer. 2007

EGFR exon 20 f

N __|PR_[ORR §
Gefitinib/erlotinib 6 |0 =
Gefitinib/erlo* (with 763FQEA)  [28 [2*  [1% a
Afatinib o 1w -

1 3% (w/o 763insFQEA) 2
Total for EGFR TKls 37 |3 I8% (w/ 763insFQEA) &
Luminespib (AUY922) bo 5 hmw
HER2 exon 20 = EGFR Exon 20 Insertion (N=9)
Neratinib 11 Jo lo% = Classical EGFR mutation (N=129)
e fE N st
Dacomitinib 6 [3 f1s% 000 ORR%
Lapatinib 5 o Docetaxel l9-13%
[Total for HER2 TKls 159 |7 PD-1/PD-L1 inhibitors 13.6-19%
TDM-1 12 |6 0%
17 et al, 5 2 o
JV Heymach, WCLC, 2018.

Ex20 Insertions have a Sterically Hindered

Binding Pocket

Steric Hindrance of Ex20 Insertions can be
Overcome by Poziotinib

Green: EGFR D770insSVD
Red: Steric hindrance induced by insertion

Yellow: EGFR T790M
Green: EGFR D770insSVD

Red: p-loop shift

Robichaux et al, Nature Medicine, 2018

Average of 6 Ba/F3 EGFR Ex20
125

Benzo-pyrrole|’, Insertion cell lines.

/! EI Reactive Group
* L

(ATP mimetic; = .u -
A - s

Osimertinib L [ 1 |veminal g'.,s o AZD9201
© Y |eow 3 = CO-1686

- S 50: s+ EGF816
= * Poziotinib

25
Quinazoline
Reactive Group core

0.001001 04 1 10 100
Tog[Inhibitor], uM
Poziotinib average ICs,: 1.09nM
100X more potent than osimertinib

Terminal

Poziotinib A
= Group.

Robichaux et al, Nature Medicine, 2018




Patient characteristics from the Phase Il trial of

Poziotinib
EGFR cohort HER2 cohort
Characteristic Total (n=50) Total (n=13)
Female/Male n(%) 30 (60%) / 20 (40%) 11 (85%) / 2 (15%)

Mutation type

Exon 20 insertion n (%) 46 (92%) 13 (100%)

Exon 20 point mutation 4(8%) 0(0%)

Prior systemic therapy

Naive 3(6%) 2 (15%)
1 prior 13 (26%) 6 (46%)
2 prior 17 (34%) 2 (15%)
3 prior 11 (22%) 1(8%)
4 prior 6 (12%) 2 (15%)
Prior platinum n (%) 43 (86%) 10 (77%)
Prior TKI n (%) 17 (34%) 2(15%)
Prior PD1/PDL1 inhibitor n (%) 27 (54%) 8 (62%) JV Heymach, WCLC, 2018

Safety Summary from the Phase |l trial of Poziotinib

(N=63)
All Cause AE N(%) N (%)
Grade 3-4 50 (79%)
Grade 5 12 (19%)
Treatment related AEs N (%)
Grade 3-4 35 (56%)
Grade 5* 1(1.5%)

Afatinib (Lux-Lung 3): 52% dose reduction, 8%

AE leading to treatment dose reduction N (%) 38 (60%) discontinuation
AE leading to treatment discontinuation N (%) 2 (3%) :’ﬂ(}lﬁ'ﬂ""iu‘fe';"i?ffmx cose

* 59 YOF with 3 prior lines of treatment presented with dyspnea and PD; ddx included infection, it was refractory. ids and

antibiotics. Outside treating physician attributed it as “possibly related” to drug vs PD.  Sequist et al, CO 2013; Wu et al, Lancet Oncol 2017

JV Heymach, WCLC, 2018

Patient characteristics from the Phase Il trial of Poziotinib

Treatment related AEs in >10% of patients (N=63)
IAE |All Grade N (Grade 3-4 (Grade 5
(%) IN(%) IN(%)
Diarrhea 44 (69.8%) | 11 (17.5%) =
(Oral mucositis 44 (69.8%) 1(1.6%)
Paronychia 38 (60.3%) |6 (9.5%)
Dry skin 37 (58.7%) =
Skin rash 35 (55.6%) | 22 (34.9%)
|Alopecia 22 (34.9%) -
[Anorexia 19 (30.2%) -
Nausea 15 (23.8%) |5 (7.9%)
[Vomiting 13 (20.6%) | 3 (4.8%)
Pruritus 9 (14.3%) E
[Weight loss 8(12.7%) | 3 (4.8%)
[Weight loss 8(12.7%) | 3 (4.8%)
[Fatigue 7(111%) | 3(4.8%)
i 5 (7.9%) 2 (3.2%)
JV Heymach, WCLC, 2018

Poziotinib efficacy in EGFR Exon 20 mutant

NSCLC

(Evaluable patients n=44)

o mm Progressive Disease (PD)

Germiine T790M Stable Disease (SD;
;mzm ORR (best response): 55% M Partial Responsfe (p)R)
ORR (confirmed): 43%
20-m (emiitiines) B Response not confirmed/
:, Follow-up Pending
2

-20

-60

K . *
D * Remains on treatment

JV Heymach, WCLC, 2018

Duration of treatment on the Phase Il trial of

Take Home Points...

Poziotinib
——— " First Response
e =+ Ongoing Treatment
S = Partial Response
 — Stable Disease
—
—
.
0 2 4 [ 8 10 12 14
Time {(Months)
JV Heymach, WCLC, 2018

» Even after 15 years this is a continuously changing
space diagnostically & therapeutically

* Resistance is still the biggest problem, but sequential
testing & therapies make this more manageable

* EGFR TKIl-based combinations may be a better option in
some cases, but can have unexpected side effects.

* New treatment options are emerging for mutational
types not sensitive to prior TKis
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Emerging Strategies and Challenges Due to Secondary or Acquired
EGFR-TKI Resistance

Don L. Gibbons, MD, PhD



Emerging Strategies and Conflict of Interest Disclosure

Challenges Due to
Secondary or Acquired
EGFR-TKI Resistance

October 27, 2018

Advisory Board: Janssen R&D and AstraZeneca.
Research Funding: Janssen R&D and AstraZeneca.

Don L. Gibbons, MD, PhD
Director, Translational Genetic Models

X Laboratory, Department of Thoracic/Head & Neck
derson Medical Oncology, Department of Molecular and
Cellular Oncology,
MD Anderson Cancer Center, Houston, TX

A TS
er Center

» Treating the common resistance mechanisms
— First-line: T790M +/-, etc. ;
— T790M: C797S ; S

EGFR Displays a Range of Activating Mutations

» How the face of resistance is changing due to 7
changing first-line drugs L2z

» Development of new combinations

Targeting Mutant Oncoprotein EGFR Slgnallng & EGFR Targeted Therapy for NSCLC: 1987-2018
Therapeutic Inhibition
2004

i Erlotinib approved

o e
__‘;..f} p = ‘i\"‘—f Q EGFR responsepredlc! S:;rggzd;gﬁire
= 2003 Test EGFR, ALK

(0D Gefitinib accelerated
approval
[1980s 1990s 2000s 2010s 2020 |

2013
Afatinib
2015
Gefitinib

017
Osimertinib
O18

Dacomitinib

Crtoplasm

e

e 1. Epidermal Growth Factor Receptor [EGFR) Sigraling Pathwars.

Osimertinib

Cataldo, Gibbons, Perez-Soler, Quintas, NEJM, 2010.




Sequential Treatment Strategy for EGFR
Mutant NSCLC

= e
&1 e

i3

B! o
§L- Camidge, D. R. et al. Nat. Rev. Clin. Oncol., 2014.

Piotrowska & Sequist, JAMA Oncology, 2016

Mechanisms of Resistance to EGFR Tyrosine
Kinase Inhibitors

Figurs 1 - i an Gibbons & Byers, Cancer Discovery, 2014

cfDNA vs. Tumor Mutation Analyses from AURA trial

Qxoard et al UCO 2016

Proposed Testing Schema Based on cfDNA Analyses from
AURA Trial

Acquired resistance
to EGFR TKI

_I::rf.aom- —> Third gen. EGFR TK
A T790M- —» Chematherapy
Acquired resistance

10 EGFR TKI

l T790M+ s Skip biopsy, start third gen. EGFR TKI
FDA. od plasma
assa A and Bit
sensitizing mutations TTO0M- ==

Qxoard et al UCO 2016

Mechanisms of Resistance to EGFR Tyrosine

Kinase Inhibitors

Figers 1 = = Gibbons & Byers, Cancer Discovery, 2014

Efficacy of Afatinib (BIBW2992) and Cetuximab in
Pre-Clinical Models

A Convol c s

o s
I I' T

EGFA - - -

At —— e — .
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PECER - - - —
WO g gl = = - —

c ) Pl i i:"IIIII"f}i;iiiii;i;i;:;i UL
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IEGFA - ——

AL —————
Begales et al Cancer Discovery 2009




Clinical Efficacy: Combination Treatment

After Resistance to 15t Generation TKI

Waterfall plot showing maximum percentage change from baseline in size of tumors in patients who
received the concurrent regimen of afatinib and cetuximab.
50 e

7" "ﬁl]l]lun,..

""'"'"'”"‘”"””“"""""”””"”H“ll1l||||||l|||I||\|mHH“ngm

80 |

100

Janjigian et al., Cancer Discovery, 2014.

Osimertinib (AZD9291) Treatment after

Resistance to 15t Generation TKI Therapy

[ ———
=

'
3
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i
i
3

Janne PAetal N EnglJ Med, 2015,

Mechanisms of 2"9-line Osimertinib Treatment
Resistance
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Le et al., CCR, 2018

Treatment Resistance to
2nd-line Osimertinib, with T790M Loss

— S

Mechanisms of

e =

Qxnard et al JAMA Oncology 201

Mechanisms of 2nd-line Osimertinib Treatment
Resistance: Tissue vs. Plasma Findings

Combination Osimertinib and BLU-667 Treatment
Overcomes Resistance Due to RET Fusion

I
! -
i o
|
Piotrowska et al., Cancer Discovery, 2018

Atatnty Caimerints

|Pm!mwskz etal, Cancer Disc, 2018




Resistance to Front-line Use of Osimertinib in Phase
Il FLAURA Trial: Paired plasma analyses

Mechanisms of Resistance to Third Generation EGFR
Inhibitors

—diT MET amp (15%) MET amp (4%)
C7975S (7%) =
HER2 amp (2%)  HER2 amp (2%)
PIK3CA mtn (7%) PIK3CA mtn (3%)
KRAS mtn (3%) KRAS mtn (1%)
T790M (0%) T790M (47%)

Soria et al., N Engl J Med, 2018. Ramalingam, ESMO, 2018

(— W
L

Costa et al., Trans. Lung Cancer Res., 2015.

Acquired Resistance in T790M Tumor Due
to Secondary C797S Mutation

8 it ? z * (€797 forms a covalent bond with all
third-generation EGFR TKIs

same EGFR allele as T790M (cis) or on

1 * Acquisition of C797S can be on the
| = . 2 | the other allele of EGFR (trans)

Niederst et al., CCR, 2015.

Sensitivity of C797S Mutations to Other TKis
Depends on T790M Context

| = — — /‘\ Treatment options:
; / 1. Allosteric inhibitors, e.g.
EAI045, combined with
cetuximab
2. Brigatinib alone or with
combinations
Niederst et al, CCR, 2015

Unique Mechanism of Allosteric Inhibitor
Against T790M/C797S Mutant EGFR

Jia et al., Nature, 2016.

Mechanisms of Resistance to EGFR Tyrosine
Kinase Inhibitors

EOFR

Figurs 1 o Sy — Gibbons & Byers, Cancer Discovery, 2014




Targeting MET Bypass as a Mechanism of
EGFR inhibitor resistance

Co-targeting EGFR & MET has been disappointing
+ Erlotinib +/- METmab
+ Erlotinib +/- tivantinib

+ Cabozantinib +/- erlotinib

Spigel et al, ASCO, 2014

Scagliotti et al, JCO, 2015

Neal et al, ASCO, 2015

Ongoing Trials to Target Bypass Pathways

* 9 combination trials of MET & EGFR kinase inhibitors underway
* Most in EGFR-mutant disease with acquired resistance

Erlotinib Dacomitinib Osimertinib EGF816

Gefitinib

Phase 1
NCT01121575

Phase 1
NCT00965731

Crizotinib

Cabozantinib Phase 2
NCT01866410

Phase 1b
NCT02374645

Savolitinib

Phase 1b/2
NCT02335944

Phase 1b/2R
NCT0268661

INC280

Phase 1b/2R
NCT01982955

MSC2156119J

2R = randomized phase Il Clinicaltrials.gov

TATTON: Multi-arm Phase IB Trial in Patients

with Acquired Resistance to EGFR TKI

Parl 4, - Dose wic alation

AZDO291 (B0 mg) + durvalumab (10 mg/fkg)
Asia + ROW

AZD9291 (80 mg) + durvalumab (3 mg/kg)
Asla + ROW

Pt B - Do eapannion “120 pathenss

AZD9291 + -
m

MEK inhibitor

MET inhibitor

HCT2 £3488 waw cinicaltrials.gov. Oxnard GR
B 51 Cin Orcol 2015:33:(supp abstract 2500).

A Phase |/ll Study of BGB324 in Combination with

Erlotinib in Stage IlIb/IV NSCLC

Cohort
Single agent BGBI24 in NSCLC pls with progression
after

Run-in
ricr thesapy (n =6)

ARM A (Dose Escalation) - BGBIZ4 + erlotinib
Patierts (r 5 18) with 2 6 whs of erlotinib 150mg daily

Dose escalate until MTD/RPZD
Minimurm of 6§ pts st MTOVRPZD

Endpoints: Safety, tolerability

pharmacokinetics and preliminary efficacy

Pharmacodynamics: AXL expression and

mesenchymal transcriptomics

BGB324

ARM B (Erlotinib Progression)
Pis with EGFR mutation, TT90M-

nag with progression on ertini of exlotinib in frsl-ine setting

Daily BGBI24 + erlotinib
</ Daily BGB324 + erlotinib
‘Stage 1(n=g]) , Stage 2 (n=16) (ne14)

ARM C (First-Line Erlotinib Camba)
Pis with EGFR mtation with = 4 cycles

MDAnderson
Cancer

Center

WESTERN

Mechanisms of Resistance to EGFR Tyrosine

Kinase Inhibitors

EGFRi
Resistance

s

Mesenchymal vs Epithelial
NSCLC cell lines

Gibbons and Byers, Cancer Discovery 2014
Byers et al, CCR 2013

Bivona et al., Nature Genetics 2012

Phase Ib: BGB324 monotherapy & erlotinib

combination benefit

T 2

Monotherapy: 1 year PFS in 25% patients

« Two patients treated for approximately 12 months
~ 1 minor response
- 1 stable disease i

« Very well tolerated, patients discontinued due to
disease progression

« Recommended Phase II Dose

Weeks
6 8 10121416 182022242625 3032 34 35 3840 4244 46 48 0 52

BGB324

0. 4 8 25BN

Combination therapy: 50% CBR
~ 35D >4 months
—~ 1 stable disease BGB324+
+ One patient ongoing > 18 months
+ Very well tolerated
+ Recommended Phase II Dose

Erlotinib

Gibbons & Byers et al, WCLC, 2017.




Mechanisms of Resistance to EGFR Tyrosine
Kinase Inhibitors

Figurs 1 © TT—— Gibbons & Byers, Cancer Discovery, 2014

Rb and p53 Inactivation Predispose EGFR

1| INTIVERERN RORTERRLED I0AEOm IIIIItIIIIII 1L T

lIlIlJ M |III||||III|| I|II| lII 0 ANERRARER KRR

Lee et al, JCO, 2017.

Take Home Points...

With 24 and 3 generation EGFR TKis, patterns of
resistance are evolving & new targetable alterations
have been identified

Serial monitoring/mutation testing is SOC to determine
the basis for resistance in each patient

Testing increasingly incorporates blood-based testing

Additional new combination and sequential strategies to
combat resistance mechanisms are in clinical trials

MDA

Gancel

Thank you

Don L. Gibbons, MD, PhD

Director, Translational Genetic Models
Laboratory, Department of Thoracic/Head &
Neck Medical Oncology, Department of
Molecular and Cellular Oncology, MD
Anderson Cancer Center, Houston, TX




Immunotherapy with PD-1/PD-L1 (Nivolumab, Pembrolizumab,
Durvalumab) and Anti CTLA-4 (Ipilimumab) Antibodies in NSCLC

John V. Heymach, MD
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PD-1 and CTLA-4 Inmume Checkpoints

PD-1 and CTLA-4 combination blockade expands
infiltrating T cells and reduces regulatory T and
myeloid cells within B16 melanoma tumors

Anti-CTLA-4

MHC,
‘n:umﬂnl:
25U \
Anti-CTLA-4 \
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Anti-PD-1 Tumor cell
fragments
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Miller and Sadeain, Cancer Cell, 2015
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* Blockade of CTLA-4 promoted rejection of

B16 melanoma cells

PD-1 interaction with PD-L1 or PD-L2 blunted

T-cell proliferation and cytokine release

« The combination of PD-1 and CTLA-4 was
more than twice as effective as either alone
—Increased Teff infiltration, increased Teff to Treg

Jim Allison . N
Nobel Laureate, 2018 ratio in tumor and Teff to MDSC ratios

— Enhanced IFN-gamma/TNF-alpha Tcekss
— Shifted tumor from suppressive to inflammatory

Objective Response Rates for Nivo and Nivo+lpi in

Untreated NSCLC: Checkmate 12

TMB Correlates with Efficacy in ipi/nivo Treated
NSCLC

Objectnes revporines (W]

I ol Jmeyog evety 3 ek phst persomaly gl wvey & wnsks o svery 12 i (pocied)
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PO-LY expression

Hellman et al, Lancet Oncol 2017

CheckMate-012 study:
Phase | Ipi/nivo in first-line

Hellman et al, Cancer Cell, 2018




TMB Correlates with Efficacy in Ipi/Nivo Treated
NSCLC

Clinical and Molecular Features Associated
with Response to Ipi/Nivo
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PD-L1 and TMB do not correlate, but TMB-high, PD-
L1pos patients do better

Nivolumab plus Ipilimumab in Lung Cancer
with a High Tumor Mutational Burden
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Hellman et al, Cancer Cell, 2018

Hellman et al, NEJM 2018

Ipi/nivo Prolongs PFS Compared with Chemo
in TMB-high NSCLC

Ipi/nivo Prolongs PFS Compared with Chemo in TMB-high
NSCLC, Regardless of PD-L1 Level
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Hellman et al, NEJM, 2018
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Hellman et al, NEJM, 2018




Ipi/nivo Prolongs PFS Compared with Chemo in TMB-high
NSCLC, Regardless of Histology

Checkmate 227: Treatment-related AE in >10%

Bottom Line: Early results indicate TMB-high NSCLC patients
do better on ipi/nivo versus chemo

Hellman et al, NEJM, 2018

Hellman et al, NEJM, 2018

Other Combinations Targeting the PD-1 +
CTLA-4 Pathways

MYSTIC: RP3 of Chemo vs Durva vs Durva/tremi

Stage IV 1L NSCLC
g Maintenance
« No sensitizing Ciomotherpy CrmEiETs
EGFR mutation or
ALK rearrangement
* CNS metastases ® buva
allowed if
asymptomatic and Durva +
stable Tremi

Primary Endpoints:
- PFS

Amendment:
« PFS
+ 0s
*+ In PD-L1+ with the combo and
durvalumab vs chemo
« All-comers population with
combo vs chemo

Mystic: Durva/Tremi Fails to Prolong PFS in the >25%
PD-L1 Group vs Chemo

» July 27,2017 press release

* Durvalumab plus tremelimumab combination did not meet a
primary endpoint of PFS vs chemotherapy

» Secondary endpoint: Durvva monotherapy would not have met a
pre-specified threshold of PFS benefit vs chemo

» The MYSTIC trial continues as planned to assess the additional
primary endpoints of OS for durvalumab durvalumab plus
tremelimumab arms

ARCTIC: A Phase lll Study of Durvalumab with or without
Tremelimumab for Previously Treated NSCLC

Unfortunately press release
on ARCTIC trial of
Durvalumab-Tremilumumab
reports no improvement in
PFS or OS over
chemotherapy in 3rd line PD-
L1low NSCLC. 2018.

Planchar D Clin Lung Cancer 2016




NEPTUNE: RP3 (open-label) of Durva/tremi vs

Chemotherapy
Stage IV 1L NSCLC
N=960
Durva (20 mg/kg g4w)
« No sensitizing EGFR ® omiaain
mutation or ALK Stratfcation:
rearrangement POLT

istology
‘Smoking history Durva (20 mglkg g4w) + Tremi (1 mg/kg g4w)

Primary Endpoints

Amendment:
- PFS

- ORR

- DOR (per erall population and per PD-L1
stat

- othe
subsequent therapies

se,impact of

Incorporating PD-1 + CTLA-4 Blockade into
Multidisciplinary Care

LONESTAR Protocol

Local Consolidative Therapy (LCT) in Patients with
Oligometastatic NSCLC

Randomized Phase Il Trial of Local Consolidation Therapy After Nivolumab and
Ipilumumab for immunotherapy-naive Patients with Metastatic Non-small Cell
Lung Cancer

Pls: J. Heymach, S. Swisher and D. Gomez
PDOL: 2017-0311

Local consolidative therapy (LCT) increased the time for tumors
to progress and delayed emergence of new metastatic sites

8 ——
™ Primary Endpoint: PFS | B Primary endpoint: NLFS
PFS (LCT) = 11.9 months | NLFS (LCT) = 11.9 months
PFS (maintenance) = 3.9 months NLFS (maintenance) = 5.7 months
35 p=00497
p=00054
Time (morifs) Time (morihs)

Gomez et al._Lancet Oncology, 2016

LONESTAR: Trial Design

Can PD-1 + CTLA-4 Blockade Increase Cures
in Early Stage NSCLC?




The Primary Goal of Adjuvant Treatment is to Eliminate
Micrometastatic Disease

Adjuvant Chemo Prolongs OS and Reduces Likelihood of
Recurrence at 5y by ~5%: The IALT Study

Surgery Adjuvant
(primary) therapy

g

—Pu,

micromets

Stage I-lll

NSCLC
Mo ®

No prior tx
N=1867

el Sarvbal [}

The Intemational Lung Cancer

Adjuvant chemo 3-4 cycles
cisplatin + vinca or etoposide

Observation

HR: 0.86
« P<0.003

ial Collaborative (IALT) Group; N Engl J Med, 2004

Neoadjuvant Treatment can “downstage” the Primary Tumor,
Potentially Making Surgery Less Morbid, and Enables
Analysis of Treated Tumor

How well does neoadjuvant (induction)

chemo work? About the same as adjuvant
Meta-analysis- Efficacy

Neoadjuvant
therapy surgery

-> x”; =)

X

For stage IB-
1A:

Neoadjuvant:
Chemo :
HR 0.87 075
09%)
Adjuv Chemo

HR 0.89 022

0%)

Why might PD-1i Impact metastases?
Role of PD-L1 in Facilitating Metastatic Spread

Why neoadjuvant instead of adjuvant?
Take it from Henry V at Agincourt: it is easier to inspire the troops

when the enemy is in sight.

ARTICLE
BT

Metastasm is repulatcd via microRNA-200/ZEB1
axis control of tumour cell PD-L1 expression and
intratumoral immunosuppression

; ’muEPgnu[uE[ ]

i immune r to IMT
depends at least in part on presence
of tumor antigens

-Tumor and antigen burden highest
pre-operatively




Adjuvant Vs Neoadjuvant Inmunotherapy in Murine
Models of Lung Adenocarcinoma

Adjuvant arm (syngeneic KRASMU Lung AC model, OVA*) Analysis of surviva,
metastases.
Resect
primary
Adjuvant IMT
Mono- o combos
—> —>
: " "
T T
Dose1 Dose2 Dose3d
Neoadjuvant arm Analysis of survival,
metastases
Neoadjuvant IMT
Mono- or combos o
primary
] 1 1

Dose1 Dose2 Dose3

Cascone et al, AACR 2018

Neoadjuvant PD1/CTLA4 Blockade Prolongs Survival
and Reduces Mets Compared with Adjuvant Combination
Treatment or Monotherapy

Adjuvant 10 Arms Neoadjuvant 10 Arms
o Combo
e POTECTLAL
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Is Pathological Response a Suitable Surrogate for
Survival After Neoadjuvant Tx?

A Overall Survival Overall Survival
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f
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Pataer et al., J Thorac Oncol, 2012, Cascone et al. Ann Thorac Surg, 2018
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NEOSTAR: NEOADJUVANT NIVOLUMAB (N) OR
NIVOLUMAB PLUS IPILIMUMAB (NI) FOR
RESECTABLE NON-SMALL CELL LUNG
CANCER (NSCLC)
T. Cascone’, W.N. William Jr.', A. Weissferdt?, C.H. Leung?, L. Federico®, C. Haymaker?, G.
Bernatchez!, FV. Fossella', FE. Mott', V.A, Papadimitrakopoulou', L.A. Byers', V.K. Lam',

M.C. Godoy®, B. Carter®, J.J. Lee’, A. Vaporeiyan®, D.L. Gibbons', 5.G. Swisher®, J.V.
Heymach', B. Sepesi® and the NEOSTAR investigators.

ool Oncology. “Pathology. 18I isctics. “Matanoma Medical
Onealogy. R Thetacic & Cardiow ar Surgery, TTranslational Molecular

Thoracic/Hoad & Neck
c ¥
Pathology, The University of Toxas MD Anderson nter, Houston, TX

Cther contributors: A Tsao', G. Blumenschein', F. Skoulidis!, A Reuben’, J. Zhang', A F Cruz”. E. Pama’, |1 Wistuba'’
a0 the ICON investigators.

Randomized Phase Il NEOSTAR: Neoadjuvant Nivolumab or
Nivolumab plus Ipilimumab for Resectable NSCLC (MDACC)

Major Pathologic Response <10% Viable Cells

Immunotherapy
Nivolumab
Resectable
Stage IIIA soc
NSCLC Surge chemo + RT
om rgery (Physician's
Stratified by stage choice)
1:1:1
Nivolumab +
Ipilumimab

Primary Endpoint:
* Major pathological response

PI: Tina Cascone
Co-PI: Boris Sepesi
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Radiographic Responses

Radiographic Responses and Association with MPR
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Neoadjuvant N and NI increase proliferative and activated
effector TILs vs. untreated lung tumors (ICON set)

Randomized phase Ill Checkmate 816: Neoadjuvant Nivo/ipi or Nivo
Plus Chemotherapy vs Chemotherapy in Early Stage NSCLC
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Immunotherapy
Nivolumab
2W x 3 doses
Early stage, Cycle 1 only: Combo
resectable ‘with ipilumimab
Stage IB-IlIA
soc
NSCLC ( :) Platinum doublet
EGFRIALKWT Q3Wx3 doses Surgery  chemo £ RT
PD-L1 Al comers (Physician's choce)
PSO-1 1:1:1 Nivolumab plus
e Archival platinum doublet
rebiopsy

Primary Endpoints:
- EFS

- Pathological CR
Secondary Endpoints:
S o

* Major pathological response

The Bottom Line

« Preclinical data suggests PD-1 + CTLA-4 blockade is superior to either

alone

Clinical trials indicate:

—Ipi/Nivo has higher response rates than Nivo alone and higher but
manageable toxicities than Nivo alone

—Ipi/Nivo improves PFS compared to chemo in 1L high-TMB NSCLC
(Checkmate 227)

—Awaiting results of Durva/Tremi phase lll studies although initial
results negative

Our group and others are exploring the use of combination

immunotherapy in combination with RT and in neoadjuvant setting in an

effort to increase cures.

Immunotherapy with PD-1/PD-L1 (Nivolumab,
Pembrolizumab, Durvalumab) and Anti-CTLA-4
(Ipilimumab) Antibodies in NSCLC

John Heymach, MD, PhD
Chair, Dept. of Thoracic/Head and Neck Medical Oncology
David Bruton, Jr. Chair in Cancer Research
MD Anderson Cancer Center
Houston, TX

Thank you




Immunotherapy with Anti-PD-L1 (Pembrolizumab) and Combination
Therapy Approaches in NSCLC

Jianjun Zhang, MD, PhD
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Outline

Why combination?

Combination of anti-PD1/PDL1 and anti-CTLA4 in NSCLC

Combination of anti-PD1/PDL1 and chemotherapy in NSCLC

Combination of anti-PD1/PDL1 and chemotherapy in SCLC

Combination of immune checkpoint blockade with X in NSCLC

1D Andersor
CancerCenter

*  Tackle the inter-tumor heterogeneity

*  Tackle the intra-tumor heterogeneity

*  Achieve deeper response: longer duration of response and less risk of resistance

*  Produce synergistic effects

Outline

Scientific Rationale: 10+I0

Combination of anti-PD1/PDL1 and anti-CTLA4 in NSCLC
Combination of anti-PD1/PDL1 and chemotherapy in NSCLC
Combination of anti-PD1/PDL1 and chemotherapy in SCLC

Combination of immune checkpoint blockade with X in NSCLC
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Nivolumab (PD1) + Ipilimumab (CTLA4) in NSCLC

Nivolumab (PD1) + Ipilimumab (CTLA4) in NSCLC

CheckMate 227 Part 1 Study Design®

CheckMate 227 Part 1 Study Design®

Nivolumab + Ipilimumab vs chemotherapy in NSCLC
patients with hlgh TMB: PFS

Nivolumab + Ipilimumab vs chemotherapy in NSCLC
patlents W|th hlgh TMB: ORR and DOR

Co-primary Endpoml PFS With Nivolumab + Ipilimumab vs
Chemotherapy in Patients With High TME (210 mut/Mb)*

Presented By Hossein Borghaei at 2018 ASCO Annual Meeting

ORR and DOR in Patients With High TMB (210 mut/Mb)*

ORR [TMB 210 mutiMb]* DOR [TMB 210 mut/Mb)
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Presented By Hossein Borghaei at 2018 ASCO Annual Meeting

Nivolumab + Ipilimumab vs chemotherapy in NSCLC
patients with high TMB: depth of response

Nivolumab + Ipilimumab vs chemotherapy in NSCLC
patients with high TMB: independent of PDL1

Best Change in Target Lesion Tumor Burden From
Baseline in Patients With High TMB (210 mut/Mb)
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Presented By Hossein Borghaei at 2018 ASCO Annual Meeting
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Presented By Hossein Borghaei at 2018 ASCO Annual Meeting




Nivolumab + Ipilimumab vs chemotherapy in NSCLC
patients with high TMB: adverse effects

Outline

mwASCO

Presented By Hossein Borghaei at 2018 ASCO Annual Meeting

¢ Combination of anti-PD1/PDL1 and anti-CTLA4 in NSCLC

¢ Combination of anti-PD1/PDL1 and chemotherapy in NSCLC

*  Combination of anti-PD1/PDL1 and chemotherapy in SCLC

¢ Combination of immune checkpoint blockade with X in NSCLC

MDAnderson
maneerCenter

Scientific Rationale: 10 + chemotherapy, XRT or TKI

Scientific Rationale: 10 + chemotherapy, XRT or TKI
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Aaron S. Mansfield, Aging, 2015

Immunogenic modulation following focal radiation

Pembrolizumab + chemotherapy for treatment of
non-squamous NSCLC

Pembrolizumab + chemotherapy for treatment of
non-squamous NSCLC

KEYNOTE 189: Randomized, Double-Blind, Phase Il Study of
Platinum+Pemetrexed Chemotherapy With or Without Pembrolizumab in First
Line Metastatic Non-squamous Nen-small Cell Lung Cancer Subjects

Presented By Melissa Johnson at 2018 ASCO Annual Meeting

KEYNOTE 189 Co-primary endpoints: mPFS and mOS

Ovorall Survival, ITT

Presented By Melissa Johnson at 2018 ASCO Annual Meeting




Pembrolizumab + chemotherapy for treatment of
non-squamous NSCLC: PFS and PDL1 status

Pembrolizumab + chemotherapy for treatment of
non-squamous NSCLC: OS and PDL1 status

KEYMOTE 189: PFS by PDL1 Expression

Presented By Melissa Johnson at 2018 ASCO Annual Meeting

KEYNOTE 189: OS by PDL1 Expression

Presented By Melissa Johnson at 2018 ASCO Annual Meeting

Pembrolizumab + chemotherapy for treatment of
squamous NSCLC (Keynote 407): OS

Pembrolizumab + chemotherapy for treatment of
squamous NSCLC (Keynote 407): OS
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Pembrolizumab + chemotherapy for treatment of
squamous NSCLC (Keynote 407): PFS

Pembrolizumab + chemotherapy for treatment of
squamous NSCLC (Keynote 407): PFS

A Progression-free Survival

100 Hazard raio for disease progression or desth, 056 (35% C1, 045-0.70)
= P<000L
E
03 9
L
23 ©
£8 L
E 404
g 10 Perbolizumab combination
£ ]
2 ]
_3 = Placebo combination
104 ~
i H h 1 it 3 2
Manths
No. at Risk
Pembralizumal b combination 278 m 142 57 i 5 ] o
Placebs combination F 3 150 50 26 12 4 o a

Paz-Ares, NEJM, 2018

Hiasusd Rt o Dénsans Progreasion or Desth [35% €1)

. A pasam
Com amparae
—-— 06 parabg
—-— o pas-amm
—-— o pasaay
— an pa-aen
. oa pa-am
- o Ay
e o pas-am

Paz-Ares, NEJM, 2018




Atezolizumab + chemotherapy + bevacizumab for
treatment of non-squamous NSCLC: PFS

Atezolizumab + chemotherapy + bevacizumab for
treatment of non-squamous NSCLC: PFS
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Socinski, NEJM, 2018
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Atezolizumab + chemotherapy + bevacizumab for
treatment of non-squamous NSCLC: PFS

10 + chemo versus IO single agent for NSCLC
patients with PDL12 50%: OS
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Presented By Melissa Johnson at 2018 ASCO Annual Meeting

10 + chemo versus 10 single agent for NSCLC

10 + chemo versus IO single agent for NSCLC
patients with PDL12 50%: RR

patients with PDL12 50%: PFS

T T YO

0ASCO 1 ; ey

Presented By Melissa Johnson at 2018 ASCO Annual Meeting

muASCO . T

Presented By Melissa Johnson at 2018 ASCO Annual Meeting




10 + chemo versus IO single agent for NSCLC
patients with PDL12 50%: toxicity

Outline

KEYNOTE 024 KEYNOTE 189

Related AEs With
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¢ Combination of anti-PD1/PDL1 and anti-CTLA4 in NSCLC

¢ Combination of anti-PD1/PDL1 and chemotherapy in NSCLC

*  Combination of anti-PD1/PDL1 and chemotherapy in SCLC

¢ Combination of immune checkpoint blockade with X in NSCLC
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Atezolizumab + chemotherapy for the treatment of
SCLC (IMpower 133): OS

Atezolizumab + chemotherapy for the treatment of
SCLC (IMpower 133): OS

A Overall Swrvival
100 Rate of Overall Survival at 12 Mo
517 (9% C1, 44.4-55.0)
38.7% {95% C1, 31.2-45.3)
Stratified hazard ratic for death, 0.70 (35% C1. 0.54-0.91)
. 0,007

Atezolizumab
Placebo

Patiants Whe Survived (3]
|
1
1
1
1
1
1
1
1
f

Atezolizumab

10 Median in the placebo group, Median inthe atezolizumab group,  Placebo

10.3 mo (95% C1, 9.3-11.3) J?ir‘wm%cl lI]B 15.9)
+— — - T
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Months
MNo. at Risk
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Horn, NEJM, 2018
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Atezolizumab + chemotherapy for the treatment of
SCLC (IMpower 133): PFS

Outline

B Progression-free Survival

100, Rate of Progression-fres Survival
o0 at6mo atl2mo
5 » AMezolizumab  30.5% (359 C1, 243-375)  126% (39% CI, 7.9-17.4)
ég Placsbo  Z24% (35%CI, 166-83)  54% (I5%C), 21-8.6)
] Stratified hazard ratic for diseass pragreisiaon ar death,
- & L 0.7 [95% €I, 0.62-0.96)
] P02
dg = N, Mesdian in the spesshizuniabs group,
§ 5 0 n| 52 (95% 01, 44-58)
10 A
i & Median in the T
E 20 placebo group, S
104 43mo e Atezolzumab
(35% O, 4.2-45) Placebe 1

12 3 4 5 6 7 B 9 1011 12 13 14 15 16 17 18 19 20 21 22 23 4
Months

Mo, at Risk
Atezobzumab 201 190 178 158 147 58 58 &8 41 32 29 26 21 15 12 11 3 1 2 21
Placebo 0193184167 147 80 44 30 25 23 16 15 % 9 & 5 3

Horn, NEJM, 2018

*  Combination of anti-PD1/PDL1 and anti-CTLA4 in NSCLC

*  Combination of anti-PD1/PDL1 and chemotherapy in NSCLC

¢ Combination of immune checkpoint blockade in SCLC

¢ Combination of immune checkpoint blockade with X in NSCLC
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10 + radiation in Stage Ill NSCLC (PACIFIC)

10+ VEGF inhibitor: Ramucirumab + pembrolizumab
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Take home message

| DURING THIS MEETING

ARMOJEN Lilly's IL1o + PD-1

sty 1 ARMO(EI Lilly"s IL10 + FOLFOX
Nowartis LAG-3 + PD-1

=] Idera TLR « Ipilimumaty

Nektar IL-2 + Nivolumab

Jounce's 1IC0S +/ Nivolumab

Merck KGAa bifunctional TGFb/PD-L1
NewLink's Indoximod + Gem+ Abraxane
AT CD73 + durvalumal

Syndax HDAC + Pembrolizumab
Merck GITR +/-Pembrolizumab
Incyte/Merck IDD + Pembrolirumab

7=

Presented By Solange Peters at 2018 ASCO Annual Meeting

*  Combination of nivolumab + ipilimumab is superior to chemotherapy for
treating NSCLC patients with TMB>10 independent of PDL1 status.

¢ Immune checkpoint inhibitor + chemotherapy is superior to chemotherapy for
treating NSCLC as well as SCLC patients overall with regards to response and
survival.

*  Single agent pembrolizumab is non-inferior to I0/chemotherapy combination in
NSCLC patients with PDL1 > 50%.
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Overview of Molecular, Histologic Tumor Testing, High Mutational
Burden and Implication of Immune Resistance in HPV-associated
Head & Heck Cancer

Tanguy Seiwert, MD
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Overview of Molecular, Histologic Tumor Testing,
High Mutational Burden in SCCHN and IO Resistance

OVERVIEW
I HNC Disease Background
[l Mutational Burden / Viral Antigens
[IIl. - Tumor Microenvironment

-  PD-L1
*  T-cell inflammation
- IDO

*  Macrophages /MDSCs

Overview:

1. HNC Background — Genetic Backgrounds

2. HNC Immune Microenvironment -
Inflammation

3. Biomarkers
e PD-L1(TPS/CPS = KN048 ESMO 2018)
* Inflammation Signature
¢ Mutational Burden (TMB)
4. Resistance to Immune Checkpoint inhibitors

5. Research outlook — new biomarkers

j UChicago
Medicine

Head & Neck Cancer Program

I. HNC Disease Background

e Head and neck cancer (HNC) is 6" most common cancer
worldwide; 60,000 new cases per year in the United
States

e Human Papilloma Virus (HPV) is involved in the etiology
of ~60-80% of Oropharyngeal HNC in the US

@ HPV(-)/Tobacco-related HNC AND HPV(+) HNC are

R — distinct clinical entities.
4 UChicago
Medicine

The HPV “Epidemic”
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HPV-positive HPV-negative
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orsBes T CGAHNC report (ayes et Nature 2015),an the
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Potentially Targetable Genetic
Changes
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ANTIGENS ~ INFLAMMATION

TMB / Viral Ag reflects tumor antigenicity T-cell inflammation refl

ects activated T-cells

in tumor microenvironment

Macrophage
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Dendritic eell
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Inflamed Phenotype in HNC
Tumor infiltrating Lymphocytes (TILs)

Our goal is to:
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Head & Neck Cancer Program

| Our goal
ar 0 Break Tolerance! 1) Induce Inflammation
2) Then break tolerance
Meucine
) HNSCC Tumor (Immune) Microenvironment (TME)
A Ten mos!t immune-infiltrated tumors.
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The Yin and Yang of Immune Escape

Immune Surveillance:
* Immune system recognizes
malignant cells Immune Escape:
1. Antigen Presentation: toss of
Antigen (Immune-editing), HLAY
2. Immune Checkpoints: PD1-
PD-L1, CTLA4, TIM3
. Cytokines: TGF-6, IL-4, IL-6
Immunosuppressive ME: 100
. Cellular Immune Escape: T-regs,
M2 macrophages, MDSCs
. T-cell Anergy

waw

&, UChicago
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IMMUNE MICROENVIRONMENT (IME)
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Association of IFNy Signature and Progression-Free Survival
in Patients with Head and Neck Cancer
* Other 1.1B-group: Inflamed — Benefitting

u Parial R
 Stabi Disoess + GammadFN Inflamed
* Benefitting from anti-PD1 therapy

2.INB-group: Inflamed —
. NonBenefitting

= Gamma-IFN Inflamed

400 . .

* Not Benefitting from anti-PD1 therapy

3001 .
PFS cutoff = Given biologic signal - Can these patients be
converted into responders e.g. via combinations,
at 5 or 6 months vaceine et

3.Nl-group: Non-Inflamed

« Very high negative predictive value
100 « = Not benefitting from anti-PD1 therapy
veng e = Clinically potentially useful: Identify patients who shout
i NOT receive PD-1 therapy
* Unclear whether non-inflamed phenotype can be
converted into inflamed phenotype
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Evidence for a Role of the PD-1:PD-L1 Pathway in Immune
of HPV Head and Neck Squamous
Coll Carcinomas

o L Tt 0
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Medic

HNSCC Tumor (Immune) Microenvironment (TME)

D.  E

TClpstatus {015 1 (n=37)|TCIP-H (n=37)
IHC Score
PD-L1 negative
(10 26(70%) | 14(38%)
PD-L1 positive . "
4 P 1% (30%) | 23* (62%)

{30PD.L1 positive (1) 4y " PD-L1 positve

FREQUENCY OF PTS WITH TPS >50 OR CPS > 20

CPS>20 TPS >50

SCCHN 39-44% 22-25%

NSCLC 25-30%

Paz-Ares et al. N. Engl. J. Med 2018, Reck et al. N. Engl. J. Med 2016, Cohen et al. ESMO 2017
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=Gastric,

=HNC,

=|ikely Bladder

(lung Cancer and TPS is the “outlier”)c#: s

CPS — Combined Positive chg
[+]

Assessment: Combined Positive Score
(80 + 30 + 50+ 100) / 4 = ~CPS 65

# PD-L! staining colls (tumor cells,
Fymphocytes, macraphage:

CPs=

Totsl # vable tumor calls

ar: PO-L1 expression

Overall Survival by PD-L1 Status

TPS (tumor cells) CPS (tumor and inflammatory cells)

P=0478 » P =0.008
>

—PD-L1+

PD-L1-

3 2
3 3
o o
K s
t t
3 3

¢ 10 20 5

Time, days
TPS<1 65 46 3 CPS<1 36 21 1" 7 3 3
TPS21 123 88 69 cPs21 152 113 89 67 22 14

Median (95% CI) Median (95% CI)
+ PD-L1+, 290 days (241- 377) + PD-L1+, 303 days (259-385)
+ PD-L1-, 246 days (174-646) + PD-L1-, 151 days (84-247)

Biomarkers predictive of response to
pembrolizumab in head and neck
cancer (HNSCC)

Tanguy Y. Seiwert, MD'; Robert Haddad, MD?; Joshua Bauml, MD3; Jared Weiss, MD#;
David G. Pfister MD®; Shilpa Gupta, MD®; Ranee Mehra, MD”#; Iris Gluck, MD?;
Hyunseok Kang, MD'%; Francis Worden, MD'"; J. Paul Eder, MD'2;, Makoto Tahara,
MD'3; Barbara Burtness, MD'2; Stephen V. Liu, MD'4; Andrea Webber, PhD5; Lingkang
Huang, PhDS; Robin Mogg, PhD'5; Razvan Cristescu, PhD'5; Jonathan Cheng, MD'5;
Laura Q. M. Chow, MD¢

TUniversity of Chicago, Chicago, IL, USA; 2 Dana Farber Cancer Institute, Boston, MA; *University of Pennsylvania, Philadelphia, PA, USA;
“Lineberger Comprehensive Cancer Center at the University of North Carolina, Chapel Hil. Ne. Ush: sMemorial Sloane Kettering Cancer
Center, New York, NY, USA; Lee Moffitt Cancer center and Research Institute, Tampa FL, USA; 7Fox Chase Cancer Center,
Philadelphia, PA, USA (study conduct); 2Johns Hopkins University, Baltimore, MD, USA; “Shooa vodres Center, Tel Hashomer, Israel;
19Sjdney Kimmel Comprehensive Cancer Genter at Johns Hopkins University. Baltimore, MD, USA: !!University of Michigan, Ann Arbor
MI, USA; 2Yale University Cancer Center, New Haven, CT, USA; “*National Cancer Center Hospital East, Kashiwa, Japan; *“Georgetown
University Hospital, Washington, DC, USA; *Merck & Co., Inc. Kenilworth, NJ, USA; 1University of Washington, Seattle, WA, USA

Inflammation (PD-L1/GEP) vs Response

O Not PRICR PD-L1 CPS GEP
O PRICR n=148 n=28 n=62 n=17 n=139 n=28 n=57 n=13
c
§ 100 & w (. .
K] E 2|0 c 05
¢ H . :
o by T - -
& Z : g 0 :
w 51 (3| 7 |= E ;.
2 P
S 10 = - o 05 !
g P B w !
I 41 = = ©
e - - L o I J
WES HPV-  WES HPV* WES HPV-  WES HPV*

'=0.0980 P=0.0003 P=0.0061 P=0.0009

o
i

- PD-L1 CPS and GEP were significantly associated with BOR in all patients (P<0.0001
and P=0.0012, respectively) and in HPV* patients

= The association in HPV- patients was less robust

TUMOR MUTATIONAL BURDEN
(TMB)

*-&?‘ UChicago
Medicine

Low Mutational Burden High Mutational Burden
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M Mismatch repair deficiency 1 @and ML Across Samples
ts response of solid tumors
to PD-1 blockade 1000
o e . i o X
= APOBEC 800
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o BRCAHRD
B B-5moking 600
o LIV tight
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S Crhar 400
8
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= .
More Benefit 200
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AT THE FOREFRONT 1Alexandrov LB, et al. Nature. 2013;500(7463):415-421
UChI(_:a_gO The major signatures’ displayed above were identified in the mutational
Medicine landscape of the patients in this dataset and are illustrated as proportions of ML.

Tumor Mutational Burden (TMB) vs
Response

= =28 n=62 =17
O Not PRICR n=1st 0 " "

O PRICR 3000

TMB (log scale)
g

WES HPV~ WES HPV*
P=0.0026 P=0.0466

- TMB was significantly associated with BOR in all patients (P=0.0006) and appears
stronger in HPV- patients

PR=partial response, CR=complste response.

GEP and TMB Response Rates (BOR)

LI TMB°GEP® [l TMB"GEP® ETMB°GEP" [l TMB"GEP"

O Not PRICR 20
O PRICR
All Patients 35
[ 30 2
53000 i .
T : B3
21000, e 25 n n
8 300, s 20 1 "
@ 100 2 15 <l
E [
B30 0 .
@
L 10 {oF s
-0.318' 0 o
4 06 02 02 06 0N 30 anozenzvinss  suz 22tvtsstuzs  ons 27 ass 399
T-cell-inflamed GEP Al patients HPV- HPV*

- Responses were also higher in those who had both high GEP and TMB across all patients
and in both HPV subgroups than those with low levels of both
Dashed horizontal line s ciically appiicabla TMB throshold (TWB 2175 mutations per oxomo) dorivod using pan-tumor GEP and TB data (Panda A ot al. JCO

Precis Oncol. 2017). Dashed vertical lino reprosents discovery cutoff for the T-call-inflamed GEP (2-0.318) selocted via analysis of pan-cancer data. GEP high (ni) 31

QUALITY OF MUTATIONS MAY
MATTER
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PD-1 binds to PD-L1 + EHIERE
PD-L1 binds to PD-1 + Head & eck

—

_ Blocks PD-L1 andEPD-LE binding to PD-1

PD-L1 can still engage B7-1

A, Yeartey. Sepiember 7, 2015

PD-L2 and PD-L1 in Tumors:
Concorda

ﬁﬂ bladder )"m‘

P

tumor cells

it g N :
tumor cells + tumor cells

Immune infiltrate

endothelium
Yearley et al ECC 2015
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Association of PD-L1, PD-L2, TCIP/GEP With TMB

TCGA:

« MLand GEP, r=0.30

* MLand PD-L1,r=0.16
* MLand PD-L2,r=0.22
Moffitt:

* MLand GEP, r=0.11

* MLand PD-L1,r=0.18
* MLand PD-L2,r=0.11

PO-L1 sxprossion
PD-L2 exprossson

GEP {18-gane) score

PO-L1 axprassion
POL2
GEP {18-gene) score

ML was also significantly but modestly correlated with GEP, PD-L1, and PD-L2 in TCGA and Moffitt databases; all P <0.0001
A7 T ronernont
UChicago

ﬁﬂ Medicine Cristescu et al SITC-ASCO 2017

OTHER FACTORS IMPACTING THE
IMMUNE MICRO- ENVIRONMENT
(MIE)

IDO, Macrophages/MDSCs, etc

Medicine

TMB {log scale]
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28
2
15 B% (Ba7) F% (1) | 35% (17
B2-320) 02413 | (142617
'
0s

me-gep~ [T TMB~ GEP~

Treatment approaches for
hot and cold tumors

HOT

nflamed

Excluded infiltrate
o e

Mutational load

COLD

rmane desert

Macrophages and MDSCs
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M2-regulated immune response signature is associated with

outcome in human tumors

Survval <3 yoars Sunvval> 3 years

- j

Ulhicagt” NPT '

Medicine [

immune suppression
Metastasis

Overall Survval
002 0408 08 1

Overal Survival
002 0405 08 1

loganktsst p<0.001

Tz 3 &5
Years fom Disgnosis

Lung Adsnocarcinoma

log rank test p<0.001

— Low(n=202)
— High (n=305)

T %
Years fom Diagnosis
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58 Id woman with ic urothelial

ORIGINAL ARTICLE

Hyperprogression during anti-PD-1/PD-L1 therapy ir
patients with recurrent and/or metastatic head and
neck squamous cell carcinoma

B2M loss is a mechanism of acquired PD-1 resistance in HNSCC Tumor

B2M positive B2M negative

UChicz
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CHICAGO MEDI dd & .
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Bioreactor / Histoculture Digital QPCR from Fluidigm

RNA extraction and

IFNy signature gene
expression

Drug treatment for 24 hr
Filter media

Tumor L
Slides
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scRNAseq and AbSeq

BD Rhapsody system

Antibody-Oligo Construct

Y AbO Conjugate

+ sample Multiplexing

+  Simultaneous RNA + Protei
« High parameter proteomics
« Combined with mRNA profili
« Simple workflow

CONCLUSIONS
1. Both HPV(+) and HPV(-) HNSCC show:
. High levels of immune cell infiltration
. High Mutational burden (TMB) utiralantigens may matter more for pveave)
. An inflamed phenotype (INF-G, PD-L1/2, IDO)

2. Checkpoint blockade with PD-(L)1 agents alone is unlikely to be
sufficient for optimal benefit
* Tregs, NK-cells, Macrophages/MDSC all may contribute to additional
therapeutic opportunities .. ro-10 asco 017).

3. HNSCC s an excellent disease to develop Immunotherapeutic agents
(Tob & Viral tumor, high levels of TMB/Inflammation, IDO/Macrophages /
£ ar wue ronernont STILL only modest response rate to PD-1, injectable / accessible for biopsies)
&% UChicago
<¥ Medicine
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Immunotherapy Options in the Treatment of Metastatic Head & Heck
Cancer

Tanguy Seiwert, MD



AT THE FOREFRONT

UChicago Overview:
¥ Medicine

1. Background and HNC Immune Biology
Immunotherapy Options for the Treatment 2. Approved Use - Platinum refractory
Of R/M Head and Neck cancers *  Approval trials to date (KN12, CM141, CN40)
3. The Future:
e First line -- Platinum naive
e Curative intent
* Combinations

4. A quick word on biomarkers

UChicago
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. AT THE FomerRoNT HPV-positive HPV-negative
HNC -- I-O exceptional responder UChicago e e~
Medicine o T— e [ ——
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-1- HPV(+) and HPV(-) Tumors are distinct BIOLOGIC entities

e

-2- High mutational burden (both)
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Hayes/Seiwert — JCO 2015: overview of 8
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I. Inflamed Phenotype in HNC Ci S .

T e e (L) : Two US FDA Approvals in 2016 for HNSCC

FDA Approves Pembrolizumab for Head and FDA Approves Nivolumab for Head and Neck Cancer
Neck Cancer -

UIRCPEAN MEDNCINES ACEMCY

The Food and Dy Admisistrasion [FO4]

an acvanond orm of head and heck Gancer. The

- 3 Spprovel is o patients with recorrest
. 1 metastatic head and neck
Our goal is to: 4 P — »
L Our goal s to: AR oust
Break Tolerance! § 1) Induce Inflammation s et s e e
2) Then break tolerance '""f:"f'::'i?;mw
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Keck/Seiwert, CCR 2015




Grand Prize: is curative setting....
. R/M
> incurable
k=
E Advanced Stage
© Curable
[J]
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Early Stage
Curable
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Immunotherapy Trials for HNSCC with Approval Potential

Treatment Setting

Neo-adjuvant

Adjuvant/
Consolidation

Compan RIM: first-ine | RIM: post- [
LR Plat. naive Platinum Advanced
KN012
KNO048, KN669 KNOS5 15%1%;
g KN040
MSD/Merck KN37
CM141 (nivo) RTOG3504/
BMS CMB51 (ipi-nivo) CcM351, BVIS T Sty
cM714 P1 combo P
expansions
Astra-Zeneca KESTREL CONDOR
EAGLE
Plizer/EMD Javelin 100
a7 v romtrnons Roche/
UChicago Genentech
hica

KN689

IMVoke HN

Il. Approved Use:
- Platinum Refractory

e A7 T romerron
UChicago
& Medicine

HNSCC Cohorts of Nonrandomized, Phase 1b, Multi-

cohort KEYNOTE-012 Trialt

Initial Cohort
Patients

+ RIM HNSCC
+ Measurable disease

(RECIST v1.1)
+ ECOG PS 0-1
« PD-L1+

itial cohort)

+ PD-L1+ or PD-L1-

(expansion cohort)

Co

Expansion Cohort

Response assessme
Primary end points: OR , ty
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Pembrolizumab (anti-PD-1): accelerated approval for HNSCC - further
supported by 2" trial

Phase 3 CheckMate 141 Study Design

Nivolumab in R/M SCCHN After Platinum Therapy

[ Approval further supported by KEYNOTE-055 (Phase Il, n=171)23 ]
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Overall Survival in ITT Population
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Statistical Considerations

- Multiplicity strategy
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* Final analysis
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Overall Survival: Effect of Subsequent Immune
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lll. Platinum Naive — First Line
- 1 week ago ESMO 2018
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KEYNOTE-048: Phase 3 Study of
First-Line Pembrolizumab for
Recurrent/Metastatic Head and Neck
Squamous Cell Carcinoma (R/M HNSCC)
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KEYNOTE-048 Study Design (ncT02358031)

Pembrolizumab

Monatherapy Pembrolizumak 200 mg Q3W

for up to 35 cycles

Pembrofizumab 200 mg +
Pembrolizumab Carboplatin AUC 5 OR
+ Chemotherapy Cisplatin 100 mg/m® +
B-FU 1000 mgim?/d for 4 days.

for 6 cycles (each 3 wh)
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Study End Points: Pembrolizumab vs EXTREME and
Pembrolizumab + Chemotherapy vs EXTREME
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Pembrolizumab 200 mg QIW

for up to 36 cycles

Cetuximab 250 mg/m? Q1W* +
boplatin AUC 5 OR

platin 100 mgim? +
U 1000 mgim*id for 4 days
for 6 cycles (each 3 wk)

Cetuximab
260 mgim? Q1W

Burness KNO4S ESMO 2018

Overall Survival: P vs E, CPS 220 Population
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Overall Survival: P vs E, CPS 21 Population
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Progression-Free Survival: P vs E

CPS 220 CPS 21
100 Events HR[98%C) P 100 Events  HR (35% CI)
90 Pembro 8% 0.9 [ a0 Pembro % 116
a0 ExTREME  min (T a0 EXTREME sin (D13
70

T
15 20 25
Months




ARE WE TAKING RISKS IN CPS >20 ?

PEMBROLIZUMAB VS CT IN NSCLC WITH TPS > 50
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FREQUENCY OF PTS WITH TPS > 50 OR CPS > 20

CPS >20 TPS > 50

SCCHN

39-44%

22-25%

NSCLC

25-30%

Paz-Ares et al. N. Engl. J. Med 2018, Reck et al. N. Engl. J. Med 2016, Cohen et al. ESMO 2017
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KEYNOTE-048 Study Design (NcT02358031)
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Overall Survival: P+C vs E, Total Population
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Progression-Free Survival: P+C vs E,
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ARE WE TAKING RISKS IN CPS>1?
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WHAT ABOUT 1<CPS<207?

NO DATA

Let’'s do some mathematics !

mm:unw’ L

1 < CPS <20 ? (USE WITH CAUTION, NOT VALIDATED)

Pembro R
ORR 15% 34%
CR 3% 2%
PR 11% 32%
SD 26 % 31%
PD 47 % 16 %
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Pembrolizumab +
Carboplatin or

Cisplatin + 5-FU

* FIRST-LINE
R/M disease

incurable by
local therapies

Cetuximab +
Carboplatin or
Cisplatin +
5-FU
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TOTAL POPULATION

TOTAL POPULATION: SURVIVAL

HR (95% P
cl)

Pembro + Chemo 0.77 0.003
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TOTAL POPULATION: PFS

100 Similar PFS
90
80
70 HR: 0.92
® €0 Median (95% Cl)
g 50 4.9 mo (4.7-6.0)
Q. 40: 5.1 mo (4.9-6.0)
30
20
10 At )
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0 5 10 15 20 25 30 35 40
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wm 62 37 2 " 3 0 0
136 42 23 14 6 1 0 0

PFS IN SQUAMOUS NON-SMALL-CELL LUNG CANCER

Hazard ratia for disease progressicn or death, 0.56 (55% €I, 0.45-0.720)
P<0,001

Median PFS: 6.4 months vs 4.8 months

HR: 0.56

Pembrolizumab combination

Patients with No Event of
Disease Progression or Death (%)
T

| Placeba combination

Bl

Paz-Ares et al. N. Engl. J. Med 2018

DURATION OF RESPONSE: INTRIGUING

Duration of Response
Total population, P+C

Duration of Response
CPS > 1, Pembro

= 80 Median (range) = 00 Median (range)
& P+C: 6.7 mo (1.6+ to 30.4+) ;. 80 P:20.9mo (2.7 to 34.8+)
8 70 E: 43mo(1.2+t027.9+) § 70 E: 4.5mo (1.2+10 28.64)
S 60 8 6o
3 8 so
e 50: D 40
g ¥
§, 30 S
20 b
° o 5 10 15 20 25 30 35
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“#™ e @ x w5 4 0
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Months

No. at Risk
z R 3 3 1 0 o

14 1 6 1 0 0 0

Rapid tumor shrinkage needed
CPS not performed

NO CPS Done

? Chemotherapy +
Pembrolizumab

? Pembrolizumab

? Chemo + Cetux

Pembrolizumab

Chemotherapy +
Pembrolizumab

Anti-CTLA4 + anti- PD-(L)1

Stratification factors:
+PD-L1 expression level

*Smoking status. 75 mg i.v. qdw
= Tumor location (max. 4 doses) + durvalumab
« RIM HNSCC “HPV status® T i

—Oral cavity, oropharynx,
hypopharynx, larynx

+ No prior systemic Randomization
therapy 2:1:1
+ WHO/ECOG PS 0 or 1 Standard of care

N=628 (EXTREME regimen)
1 n=157

Durvalumab 1500 mg i.v. gw
=157

First line studies:
- KeyNote 048: Pembro+chemo vs. Pembro vs. Extreme

- KESTREL: Durva/Treme vs. Durva vs. Extreme
- CheckMate 651: Ipilimumab/Nivo vs. Extreme
- CheckMate 714: Ipilimumab/Nivo vs. Nivo

BMS: 1% Line (>6 months) - Plll CheckMate 651

N~700

Main Inclusion Criteria ARM A (Q6W)
i

Follow-up,
data collection
for

Co-primary
Endpoints:
PFSand 05

Extreme Regimen;
Cetunimab + Cis or Carbo + 5FU Q3W x
6 followed by cetuximab monotherapy

« Prior chematherapy

Primary Objective:

NeosssTo. osandpes




lll. The Future
- Curative Intent
- years away (~2019/2020)
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Eligibility eriteric
CCHN

*HPV+ AND HPV
*HPV- STAGE Il
*HPV+ T4/N2C/N
N =640

1-O CRT/RT combination trial for LA HNSCC:

Primary
Endpoints

Nivolumab + cisplatin + IMRT
x ouT,
RT0G 3504 Newly diagnosed Nivolumab + cetuximab + IMRT
Phase 1/3 PFS
Nivolumab + IMRT
Pembrolizumab + cisplatin + CRT
KEYNOTE-4122, e I: . s
Phase 3 Cisplatin + CRT
Avelumab + CRT
NI, Newly diagnosed —| |-. PES
Phase 3 AT
Cisplatin + IMRT
Avelumab + cetuximab + IMRT*
G2l Newly diagrosed PFS
Phase 3 Avelumab + cetuximab + IMRT*
Cetuximab + IMRT

FOLLOW
-up

N
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Adjuvant for High Risk
Patients at High-risk for recurrence: GancerFrogram
After definitive treatment (surgery or RT/CRT) due to advanced Stage/
(+)Margins etc
High-risk — due Leukoplakia/recurrent early stage tumors

Pembrolizumab

Curative intent treated R 200mg i:’ Q3 weeks
HNC : Ne | A x1 year
100 | N | j\ Goal is to
igh ri b revent
A) High risk after Sx 111 B
or RT/CRT o Cacay
on I r ‘ B fPD el
Pembrolizumab
B) Chemoprevention Placebo —» 200mgiv Q3
weeks
Uchicass L oxtyer
Medici

Mo. of Eventsf
TetalNe.  Median PFS 12.Ma PFS 18-Mo PFS
of Patients (955 €1 (955 €1 [95% €1
LOg— mo % L]
| \' Duralumab 14476 168 (13.0-181) 359 (SLO-604) 443 [37.7-50.5)
03 Placebo 1577217 S6[A6-78) 353 (5.0-4L7) 270 [19.9-34.5)

Atezolizumab Phase Il study in HNSCC launching

pe TR

0.2+ i
Stratified hazard ratio for divesse progression

Adjuvant to CT + RT: Phase Ill

% (atezolizumab)
A Phase IIl, multicentre, randomised,
double-blind, placebo-controlled study of
atezolizumab as adjuvant therapy after
definitive local therapy in patients with
high-risk locally advanced HNSCC:

01 or death, 0.52 (93% CI. 0.42-0.65)
Twe-sided P0.00)
o 3 B 3 2 s
Manths since Randomiration

N at Risk

Dursumat 47 ar n 284 159 15 4

Placebo. w 163 106 w 51 EL 15 4 3 °

Figure L free Survival in the intenti i I

Take Home messages:

* HNSCC is a good target for immune checkpoint inhibitors

The Present!

* Highly immunogenic, both HPV(-) and HPV(+)

and Nivol b both approved by the FDA

hral
* Pembr

* The field of HNSCC is likely going to change dramatically in 2018 Th e FUtU re |
« First line trials are coming — KN48, CM651, with IDO (KN669, first line)

« Curative intent trials are coming — KN412, Javelin, BMS/RTOG3504, as well as neoadjuvant (KN689) an
PACIFIC-like Pembro/Atezo trials.

* Immunotherapy combination are coming (CTLA-4, STAT3, TLR...)

Biomarkers ° may improve upon PD-L1 IHC — and may find clinical utility (not SOC currently)

Thanks!

UChicago
Medicine

Slide Modified from Jason Luke, MD




Overview of Molecular Targeted Therapy on the Outcome of Early-
stage NSCLC Patients with EML4-ALK Fusion Gene and the
Application of TKls

Anne Tsao, MD
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Outline: ALK Frontline NCCN Guidelines

r NCCN Guidelines Version 6.2018
Crizotinib (PROFILE) " Non.Small Celi Lung Cancer
Background Ceritinib (ASCEND) e
Alectinib (ALEX)

IASLC update | memp [ iniBromms ]

‘ Lorlati
Ensartinib

—) Current Data

geting ALK Gene Translocations Crizotinib PROFILE Trials

o ANENAMEEDS PROFILE PROFILE  PROFILE | PROFILE
— Younger patients with lightinever smoking history; males > females 1001" 10052 10073 10144
~ Found in 2% to 5% of adenocarcinomas (N=143) (N=259) (N=172) (N=172)
~ Adenocarcinoma % signet ring morphology
~ Generally mutually exclusive with EGFR, KRAS, and other driver mutations —

Phase 1 3 3 3

Line of therapy Any line 2 line and 2 line 15t line
beyond

Crizotinib in ALK-Positive NSCLC (N = 133*) ORR 61% 60% 65% 74%
PFS, median (mos) 9.7 8.1 7.7 10.9

Survival 75% NA 70% NA
probability at 12
mos

Change From Baseline (%)

*Excluded patients with early death before reimaging, nonmeasurable nontarget disease, or dge ot al, Lancst O:‘;‘;?St al.

indeterminate responses. 3Shaw et al., NEJM 368(25): 2385-94 , 2013
Camidge DR, et al. La 2; “Mok et al., ASCO Abstract #8002, 2014




PROFILE 1007: Crizotinib vs Standard Chemotherapy in ALK+ PROFILE 1014: Crizotinib vs Pemetrexed/ Platinum* in Advanced
NSCLC: PFS NSCLC

Phase Il trial (N = 347): ALK-positive patients with advanced or metastatic
NSCLC and 1 prior platinum regimen + Phase Ill trial (N = 343) ALK-positive patients with nonsquamous NSCLC and no prior systemic
100 treatment for advanced disease

Docetaxel or

80 Pometrexed Progression-Free Survival

| Without

Chemotherapy PFS benefit seen
% (n=172) across all subgroups

Eg, age, sex,
40 e <.001 60 N N smoker, time
i since Dx

049 (0.37-064)

ORR: 74% with
crizotinib vs 45% with
chemo

(P <.001)

20

[

0 5

72 120 65
171 105 36

0

Crizotinib 173 .
Chemotherapy 174 49 15 4 0 ‘Carboplatin or cisplatin.

al. N En al. N Engl J M

Ceritinib Phase | Trial

. . . . E lation Ph: E ion Phi i
Crizotinib had superior RR, PFS, OS compared to frontline chemo seaationthase R . :,2?.:"&2 featisngsdisclidiumoy

in ALK+ NSCLC.

Crizotinib

Dose-escalation n=59 Dose
expansion n=71

rizotinib is well-toler with twi il ing.

Crizotinib is well-tolerated with twice daily dosing EE S (T
have ALK positivity by break

q A apart FISH testing in over 15%
Crizotinib was FDA approved August 26, 2011 o?tumor cells. 9 ’

Ceritinib was started at 50 mg

Crizotinib was also FDA approved March 11, 2016 for ROS-1+ e daily for a 21-day cycle with
NSCLC. L] restaging every 6 weeks

Of 122 NSCLC patients, 83
LOKITR. al doal n
el e (68%) had prior crizotinib.

However, limited CNS peneti b Aberitie. ALK gl Hmphoms Moo VKL, vl o g s P, kit

Shaw et al. NEJM Vol 370 (13):1189-1

Ceritinib in ALK+ NSCLC: Best % Change From Baseline in Target Phase Ill ASCEND-4
Lesions

KEY ELIGIBILITY
© ALK+ by central IHC testing
ORR (CR + PR) * Advanced or metastatic ALK+
Overall 58% NSCLC
M Previous crizotinib: 57% T ive f
| No crizotinib: 609 o Treatment-naive for
@ PFS event metastatic/recurrent disease
*WHO PS 0-2
© RECIST Measurable disease
« Asymptomatic brain
metastases allowed
*No Gl disease that could
impact absorption
eh/oILD

Ceritinib
750 mg/day

N=189

Cisplatin or
Carboplatin plus Pemetrexed

|
mN-=Zo0O0Z>»2

Best % Change From Baseline

+ Other second-generation ALK inhib
ASP3026; GSK1838705; CEP-28122 “cispla arboplatin (AU

Shaw AT, et al. N Engl J Med. 2014;370:11




ASCEND-4 Survival ASCEND-4 PFS by Brain Mets

Overall Survival ‘ mets at baseline mets at baseline

HR 0.55, p<0.00001 HR 0.56, p=0.056 HR 0.7
Ceritinib 16.6 vs 8.1 months chemo Ceritinib NR vs 26.2 months chemo Ceritinib 10.7 vs 6.7 months chemo

ASCEND-4 PFS ASCEND-4 Toxicity

> O

FiaETY
19

s

25201077)

164021277)

07004411 10761164 6741100

7096 17101386

N

©P0t0 7630405 10600145
053036079 1301 56 (4181)

056031080
04803007 157(57-363)
055042070 166026270 8168111

Soria et al. Lancet Oncology

Ceritinib Practical Gl Toxicity Management Proposed Prophylactic GI Management Strategies for Ceritinib

< Standard practice:

— Patient education

— Symptomatic treatment with antiemetics and/or antidiarrheal medication

— Take at night

— Consider taking with food.

« Prior food effect study in healthy volunteers showed high-fat meals i
increased ceritinib SyStemiC DFEE by 43% Regimen A: ondansetron 8 mg, along with either diphewxlae and atropine 2.5 mg or loperamide 2 mg,

« Preventative measures to be taken orally 30 minutes prior to the ceritinib dose.

— Empiric use of anti-emetics, anti-diarrheals, and aml'ChO“nerglcs Regimen B: dicyclomine 20 mg twice daily (to be taken orally starting with the first ceritinib dose),
* Dose interruption ondansetron 8 mg (to be taken orally 30 minutes prior to ceritinib dose for the first seven doses), and
loperamide 2 mg (to be taken orally as needed with the onset of diarrhea; two tablets at onset and one

+ Dose modification (600 mg, 450 mg) tablet with every loose stool).

All agents were stopped at week 3 unless symptoms persisted.
Schaefer et al. Cancer Management Research 8: 33-38, 2




Ceritinib ALEX Study Design

Ceritinib has improved RR, PFS and OS compared to chemotherapy v —
ENDPOINTS

in ALK+ NSCL © ALK+ by central IHC testing . ) ST
e R—] st

Gl toxicity management is necessary and possibly dose-reductions :;rg;«én;;:njve NocRosSOVER | 4 Secondary

as well. o Measurable disease ::‘f"ser:(y) gfs progression
T Tos ot

FDA approved ceritinib for ALK+ salvage therapy in April 2014. A ~Safety and tolerabilty

—Patient-reported outcomes

Ceritinib was FDA approved for frontline use in ALK+ NSCLC on

May 26. 2017 ALK, anaplastic lymphoma kinase; IHC, immunohistoci NSCLC, non-small-cell lung cancer; ECOG PS, Eastern Cooperative Oncology
y ’ . Group Performance Status; PO, by mouth; PFS, progression-free survival; IRC, independent review committee; CNS, central nervous system;
ORR, objective se rate; DOR, duration of response; OS, overall survival

ALEX Survival
. ALEX CNS Activity

CNS objective response rate*

Measurable and non-measurable
Measurable CNS lesions at baseline CNS lesions at baseline

Crzotinlb Alectinib Crizotinis  Alectinib
N=22) 1) (N=s4)
1(50)

@

ALEX PFS by Baseline CNS Metastases ALEX Toxicity

Patients with CNS metastases at baseline Patients without CNS metastases at baseline

8

8

3

&

Crizotnb

3

ezt (=58)

Progression-free Survival
Progression-free Survival

18

Months No. at Risk
6 3 1 Crotin
st % 0 4 1 Aoctio
HR 0.40
(95% C1 0.25-0.64)

*Investigator assessment




Alectinib

Alectinib has improved RR, PFS and OS compared to cl
ALK+ NSCLC.

Alectinib is well-tolerated.
FDA approved alectinib for ALK+ salvage t

Alectinib (600 mg BID) was FDA approved for frontline use in ALK+
NSCLC on November 6, 2017 after the ALEX trial.

Note — J-ALEX (Japan) uses 300 mg BID.

Toxicity Comparison of Selected ALK inhibitors

Crizotinib Vision
Transaminitis
Nausea, diarrhea
Peripheral edema
Abdominal pain
Nausea
Diarrhea
Transaminitis
Myalgia
LFT elevation

Ceritinib

Alectinib

Brigatinib Pulmonary toxicity

Lorlatinib Hypercholesterolemia

CNS (delirium, MS changes)

First Line ALK Inhibitors

Cell-free kinase Inhibition Assay

Alectinib 12 Crizotinib 3 Cerltinib 4

1. Sakamoto H et al. Cancer Cell 2011, 2. Kodama T et al. Mol Cancer Ther 2014, 3. Gadgeel SM et al. WCLC 2013,
4. Adjel AA ASCO 2015

apy in December 2015.

Comparison First Line ALK Inhibitors

FL Trial
Agent

PROFILE 1014
(crizotinib)

ASCEND-4
(ceritinib)

ALEX
(alectinib)

), etal. N Engl J M

Median PFS
{ ths)

Intracranial
median PFS
(months)

10.7 (BM+)
26.3 (BM-)

NR

Indirect Comparison* of ALK Inhibitors: Safety

Fatigue 7%

Vomiting 5%
abnormalities Diarrhea 4.8%
(23%) |/Abdominal pain

3.7%

\Weight loss 3.7%

Rash 21%
Non-cardiac chest pain

TGGT 49%

TALT 34%

TAST 21%

TAlkaine phosphatase
%

TAmylase 8%

TLipase 6%

Anemia 4.2%

TCreatinine 4.2%

LPhosphate 3.7%

Safety overview based on US prescribing information

Fatig|
Constipation 34%
Edema 30%
Myalgia 29%

Dyspnea 3.6%

TALT 4.8%

TCPK 4.6%
Lymphopenia 4.6%
Hypokalemia 4%
TAST 3.6%

Hypertension 21%
Hypertension 6.4%
Pneumonia 5.5%
Rash 3.6%

TCPK 12%

TLipase 5.5%
Lymphopenia 4.5%
Hyperglycemia 3.6%
LPhosphorous 3.6%

Camidge, R WCLC 2017 Satelite symposium

NCCN Guidelines

‘ NCCN Guidalines Version 6.2018
Hon-Small Cell Lung Cancer




Outline: ALK Frontline ALTA-1L: Phase 3, Open-label, Randomized, Multicenter, Study (NCT02737501)

Crizotinib (PROFILE)
Background Ceritinib (ASCEND)

Alectinib (ALEX)

ified by: * Intolerable toxicity

=

or meta
“Arm B crossover to

Crizotinib 250 mg bid brigatinib permitiad at
BIRC 25308300 PD

Disease assessment every 8 wesks, Including brain MRI for all patients.

Upcomi Lorlatinib
agents Ensart

Primary Endpoint: BIRC-Assessed PFS PFS Based on Prior Chemotherapy in the Locally Advanced or Metastatic Setting
Patients With Prior Chemotherapy Patients Without Prior

« Brigatinib met the prespecified threshold for statistical superiority vs Chemotherapy
crizotinib
P [95% CI=0.35 (0.14-085) 108 T, R (85% CIp=0.55 (0. 140 83)
Wt for dmease progression of death, P0.0207 by logrank test Pe10095 by bogrrank test

048 (85% O, 0.33-0.74)
Pesl) 00T Ly hesg-inn test

-Year PFS, %

Treatment Events. (95% Cl) (95% CI)

PFS (% of Patients)
PF5 % of Patients)

Brigatinib 36 NR 67
(n=137) (26) (NR-NR) (56-75)

i
i
a
¥
£

Tiena {Months)

Brigatnin (se137) Crizotinib 63 9.8 months Tt

4
Crizotind {ne138) i i (LD (46) (9.0-12.9) (32-53)

—yT—
Treatment Treatment cl) (95% CI)

« Investigator-assessed median PFS was NR (95% CI, NR-NR) in the brigatinib arm and 9.2 months Brigatinib (n=36)  NR (NR-NR) 75 (54-87) Brigatinib NR (NR-NR) 63 (50-74)
(95% Cl, 7.4-12.9 months) in the crizotinib arm (HR, 0.45 [95% Cl, 0.30-0.68]; log-rank P=0.0001) 11.0 months (7.2 (n=101)
h NR) - inib 9.8 months (9.0—
101) 12.9)

Median PFS (95% 1-Year PFS, % (95%) Median PFS (95%  1-Year PFS, %
ci) cl)

Crizotinib (n=37) 48 (29-64) Cri 41(28-53)
« 1-year OS probability: brigatinib, 85% (95% Cl, 76%-91%); crizotinib, 86% (77%-91%)

amidge et al. IASL

amidge et al. IASLC ab

BIRC-Assessed PFS by Subgroup ORR

Hazard Ratic for Disssss Progression

e Systemic Objective Response? Intracranial Objective Response? in Patients with
A this first interim analysis, (ITT Population) Brain Metastases at Baseline
PFS dataset more maturs in pationts.
Brigatinls  Crzotinib Mossurbie b motsases st Srigats Criztnis
piery z

with baseling CNS disease, u N
particularty for crizatinib arm, which P e Il coimeiemnom . [ m e e
o drhess by CHS avants [ ©278)  (s1-68) P=0.0678 [ 2 o1 P0.0028

5 with PES R o

Crizetinlb vs Brigatinib; Confirmed PR, % PR% 2
. 5 Intracranial ORR at 1 2

- Overall: 46% vs 26% ORRatz1 assessment, % (95% ™ i3 pss-1on [ IR s

5 % cn (68-83) P=0.6512 N "
G 3 S SO Any brain metastases at baseline
= No Basaline CNS disease: 40% vs R%
2%

Confirmed CR, %

920 (1.88-45.85)
P=00023

PR% Confirmed ntracranial ORR, % 1300 (438-38.61)
Modian DoR in confirmed NR 11 (95°% i) P<00001
op B8 _1ib responders, mo (35% CI) (NRNR)  (92-NR) o
12:month probabily of 1 “ PR%
gl Mo maintaining response, % (95%  (63-83) @5-54)
b4 Intracranial ORR at 21 7 1630 (s:32-4992)
assessmen, % (85% C) (64-30) P<0.0001
crizotinib, n=6) due to insufficient patient numbers, as dictated by the Statistical Analysis Plan. *Baseline brain metastases as assessed by
investigator. Cumulative incidence by competing risk analysis (crizotinib vs. brigatinib), 45% vs 26% with CNS progression (without prior systemic
progression or death); 45% s 1% with CNS progression (without prior systemic progression or death). Assessed by the BIRC *Assessed by the BIRC.
210 mm in diameter.




Intracranial PFS in Patients With Any Brain Metastases at Baseline TEAESs Reported in >20% of All Patients or That Differed by >5 Percentage
Points Between Arms

Brigatinib (n=136), % _Crizotinib (n=137), % Brigatinib (n=136), % _ Crizotinib
HR {95% CI}=0.27 {0.13-0.54) Any Grade Grade3 Any Grade Grade23 | Any Grade Grade=3 Any Grade Grads

P<0.0001 by log-rank test Diarthea B . o

Increased biood CPK

cranial PFS
f Patients)

Hypoatbuminemia
L - Docressed appotte Visualimpairment
Brigatinib (n=43) Dermatits acneiform Deep vein thrombosis

Crizotinib (n=47}

= Early-onset L jthin 14 days i 3% (onset: Days 3-8); crzotinib, none reported

3 9 5 ot brgatinis, educions dus o increased CPK (10.3%), ncreased lpase (5.1%) Increased amylase (2.9%) and increased
Time (Months) AST, hypertension, pneumonits, puritc rash (1.5% each)

Median Intracranial PFS  1-Year PFS Probabili
Treatment (95% Cl) (95% Cl)

Brigatinib (n=43) NR (11.0-NR) 67 (47-80)

Crizotinib (n=47) 5.6 months (4.1-9.2) 21 (6-42)

Brigatinib Outline: ALK Frontline

ALTA-1L was conducted in ALK+ patients defined using multiple ALK diagnostics and

allowed for prior chemotherapy exposure A
Crizotinib (PROFILE)

Background Ceritinib (ASCEND)

has a superior PFS versus crizotinib by BIRC (HR, 0.49; P=0.0007) Alectinib (ALEX)

b was well tolerated. IASLC update | L Brigati

Early-onset pneumonitis may be unique to brigatinib among ALK TKis, but is rare (3%)
and the event rate appears lower in ALTA-1L than in later line trials.

Brigatinib was granted FDA accelerated approval for crizotinib-refractory ALK+ NSCLC
on April 28, 2017.

Gna 70| b

Brigatinib is a new first-line treatment option for ALK+ NSCLC

Lorlatinib in Treatment-Naive ALK+ Patients

Overal® Intracranial*®

Frist Line ALK-TKI - Phase III Trials

EXP1

Sponsor Trial Agent  Comparison N Anticipated
dates

Pfizer CROWN Lorlatinib  Crizotinib 280 Dec 2019  NCT03052608

18727 (59)
NR
XCovery  eXalt3 Ensartinib  Crizotinib 402 April 2020 NCT02767804 & ] (1.4, HR)

* B pabents (27%) had brain
melastages 5 bassine

Best Change From Baseline (%)

1, condedarce et DR, Guration of esotrne. =, rmoriee: MR, et s

Solomon 53, et al. WCLC 2017 abstr#8573




Ensartinib in Treatment-Naive ALK+ Patients

Ensartinib targets EML4-ALK and point
mutations T1151M, G1269A, L1196M, G1202R,
and V1149M.

Ensartinib also targets MET, ABL, Axl, EPHA2,
LTK, ROS1, and SLK.

ALK+ TXI Narve Evaluablo
Prsat 2 200mg (nw1S)

Background

12 (80%)
1 (%)
2(13%)

Overall Response Rate. 12 (80%)

* Evaluable ALK+ patients at > 200 mg who
completed 1 cycle and had post baseline response

Outline: ALK Frontline

Crizotinib (PROFILE)
Ceritinib (ASCEND)
Alectinib (ALEX)

assessment

In b refractory ALK patients, ORR 72%

In pretreated patients with at least one 2"¢ gen
TKI, ORR 23% and DCR 50%

Ensartinib 225 mg po daily

PD-1 Immunotherapy Is No Longer Recommended by the
NCCN as a Treatment Alternative for ALK+ NSCLC

NCCHN Guidelines previcusly recommended PD-1 immunotherapy as a treatment alternative after progression on a second-line ALK
inhibitor in PD-L1 expression positive [£50%) pasients.” This recommensiation has been removed.

Pe0,083

xatie i)

Menths

EGFR Mutant or ALK positive NSCLC or Never-smokers have Lower
Response Rates to Inmunotherapy

TN [ T —

NCCN Guidelines Version 6.2018
Nen-Small Cell Lung Cancer

TARGETED THERAPY FOR ADVANCED OR METASTATIC DISEASE

Subseauent Therapy
ament weth CT of known sites of disesss wih or wihout contrast svery 8-12 weaks. Timing of CT scans within Guitslines

Treatment Effect on OS in Predefined Subgroups

ied HR (95% CI)
Overal
Age Categorization (years)

. = 0 , These data suggest that perhaps
255 and <5 PD-1 inhibitors

are less effective in EGFR-
mutated cancers.

Female
Baseline ECOG PS
0

i s ; Note: EGFR-mutated cancers

moking Status 3

CurrontFormer Smoker generally carry low mutational
Nover Smoked load

EGFR Mutation Status




0OS With Immune Checkpoint Inhibitors in Patients With EGFR-mutant Immune Checkpoint Inhibitors Indications

Lung Cancers PD-1

Nivolumab
Previously treated patients with advanced NSCLC, regardless of histology; no requirement for PD-L1
expression testing. Patients with EGFR or ALK mutations should have disease progression on FDA
approved therapy for these mutations prior to receiving nivolumab

Pembrolizumab
Patients whose disease progresses on or after platinum-based chemotherapy whose tumors express
PD-L1 (> 1%). Patients with EGFR or ALK mutations should have disease progression on FDA-approved
therapy for these mutations
First line treatment in patients with PD-L1 expression levels >50%, with no EGFR or ALK genomic tumor
aberrations
First-line combination therapy with pemetrexed and carboplatin irrespective of PD-L1 expression
(conditional approval 5/17) in Non-Squamous NSCLC in absence of EGFR or ALK aberrations

PD-L1
Atezolizumab
For patients whose disease progresses during or following platinum-containing chemotherapy,
regardless of histology or PDL1 level. Patients with EGFR or ALK mutations should have disease
These data suggest that PD-1 progression on FDA approved therapy for these mutations prior to receiving atezolizumab
inhibitors are less effective in Durvalumab
EGFR-mutated cancers. e B I a7 Indicated as consolidation post chemo-XRT in pts with stage Ill NSCLC, independent of histology or
te 16,387:15 EGFRIALK status, based on superior PFS

I. Lancet. 2016
. Data from prescribing informatio

w.fda.gov/Drugs/informationOnDrugs/ApprovedDrugs/iucms25780.htm

Thank you

Anne S. Tsao, M.D.

Professor
Director, Mesothelioma Program
Director, Thoracic Chemo-XRT Program

October 27, 2018

The University of Texas
MD ANDERSON
CANCER CENTER

Department of Thoracic/Head & Neck
Medical Oncology




Discuss Emerging Strategies and Challenges Due to Secondary or
Acquired Resistance to Small Molecule TKis in Patients with ALK-
rearranged NSCLC

Vincent Lam, MD



Strategies for Acquired Resistance to
ALK TKls

Vincent Lam, M.D.
Assistant Professor, MD Anderson Cancer Center
Houston, TX

October 27, 2018

ALK fusions are heterogeneous

« Diagnosed by FISH, IHC, RT-

PCR, NGS e ]
* More than 20 different ALK _— = B N
fusion partners across different ~ [§5 & 5 - =
cancers oo
* Multiple variants per given = . un .

fusion protein
* EML4-ALK has over 10 variants

* Variants can have different ALK
TKI sensitivity

Solomon, Clinical Pharmacology & Therapeutics 2013

Conflict of Interest Disclosure

No relevant financial disclosures

ALK TKI resistance can be grouped into 2 main categories

ALK-dependent ALK-independent

Bypass signaling:
bﬁ : ,,"'_“J EGFR, HER2, MET,

5%%5@

X 7 ¥ ,:?5-” KIT, IGFIR
b hanges:
L / g\- 7 alﬁ\;. Lenmsac

Can use another Chemo or combination
ALK TKI ALK therapy on trial

Solomon, Clinical Pharmacology & Therapeutics 2013

ALK TKls have different sensitivities

Gainor et al, Cancer Discovery 2016

Post-crizotinib

ALK resistance is varied and TKI dependent

* Lower rate of ALK
resistance mutations
but generally still
ALK-dependent

* More potent ALK TKI
typically works

* Consider re-biopsy

Post 2" gen ALK TKI

* Resistance
mutation(s) more
prevalent

- = * Re-biopsy!

Linetal, Ca Discovery 2017




Current post-crizotinib landscape

orlatinib — after crizotinib £ chemo

Ceritinil Alectinib inib 180mg Lorlatinib
ASCEND-5 (Ph3)! | ALUR (Ph3)? ALTA (Ph 2)* (Ph1/2)*

FDA approval FDA breakthrough

ORR 39% 38% 55% 73% 69%
Intracranial ORR 35% 54% 67% 70% 64%
Median PFS 5.4 mo 9.6 mo 16.7 mo 111 9.0mo
Toxicity Gl (diarhea, Constipation, Gl elevated CPK,  Hypercholesterolemia, Rash, nausea,
considerations nausea, vomiting) fatigue, myalgia  early onset hypertriglyceridemia, pruritis

pulmonary weight gain,

events (6%) confusion/hallucinations

(3%)

Dose reduction 61% 4% 30% 25% 25%

1. Shaw et al, Lancet Onc 2017 2. Novello et al, Ann Onc, 2018 3. Ahn et al, WCLC 2017 4. Besse et al, ASCO 2018 5. Horn et al, CCR 2018

Median PFS, mo NR
(95% CI) (125,NR)
| ™ Complete response
+ 37 patients (63%) had brain - M Partal response
metastases at baseline. J = Stable disease

4 Overall Intracranial
EXP2+3A | .
(n=59) | SD
ORR, /N (%) 41159 (69) | 4.
(95% CI) (56,81) ] ORR 69% 50 ORR 68%
ICORR, n/N (%)  25/37 (68) | 204,
(95% CI) (50, 82) 10

Median DOR, mo (95%

NR
a) (11.1, NR)

| mProgressive disease (PD)
| o offtreatment or PD occurred

Solomon et al, WCLC 2017

Crizotinib resistance is generally still ALK-dependent

Brigatinib post-crizotinib pooled mutational analysis

* Lower rate of ALK

Patients with baseline NGS 150 17 32 resistance Tuta'tlons
data, n but g y still ALK-
Confirmed ORR, % (n/N) 80 (12/15) | 59 (10/17) | 69 (22/32) | dependent

Patients with secondary ALK | 5 4 9 |+ More potent ALK TKI
Confirmed ORR, % (n/N) 80.a5) | 75(ai4) | 78(7ie) | tYPically works
Patients without secondary 100 13 2 « Consider re-biopsy,
ALK ions at ine, n but not required
Confirmed ORR, % (n/N) 80 (8/10) | 54 (7/13) | 65 (15/23)

Gettinger et al, ASCO 2016

2nd gen TKI resistance is more varied

Saconel generaton ALK Tel-mistard essen

* Resistance
mutation(s) and
lineage shifts
more prevalent

* Re-biopsy!

1. Lin et al, Ca Discovery 2017 2. Gainor et al, Ca Discovery 2016

Current post-alectinib landscape

Lorlatinib has broad post-2"d gen TKI activity

Ceritinib Brigatinib Lorlatinib Ensartanib
ASCEND-9 (Ph 2, (retrospective, (Ph 1/2)3, (Ph 2)3, trial
n=20)* n=22)2 awaiting FDA on-going

approval

ORR

Intracranial
ORR

Median PFS

* Current Brigatinib FDA label is only for post-crizotinib progression
* MDACC clinical trial evaluating Ceritinib + Everolimus (NCT02321501)

1. Hida et al, Cancer Sci 2018 2. Lin et al, ITO 2018 3. Besse et al, ASCO 2018 4. Horn et al, CCR 2018

Table 3. Efficacy by Last Prior Second-Generation ALK TKI Recelved (EXP2-5)

Alectinib Cenitinib Brigatinib
OVERALL
N 62 “i 8
ORR
% 403 2.6 375
95% CI 28.1-53.6 28.3-57.8 8.5-75.5
DORS months
Median 56 6.9 NC*
95% Cl f-2hbs 5.6-NR
Progression-free survival® months
Mecdian 55 73 NCe
95% Cl £.1-7.1 5.5-11.1
INTRACRANIAL - Overall
N 37 35 5
1C ORR
% 405 563 H0.0

Besse et al, ASCO 2018




IMpower 150 — a chemolO option for ALK

B Platsaumdgseen, firstline B Frop Sunhal

N mery P

TR T
A S ]

ORR 29% vs 7%
PFS 4.2 mo vs 2.6 mo

Pty of Peapresresn b
Surviesd ]

@ % 2 i 3 0 M
Time (montha)
[rees

ALK positive NSCLC may be more sensitive to
pemetrexed-based regimens

Shaw et al, Ann Onc 2013; Jo et al, Yonsei Med J. 2018; Shaw et al, NEJM 2013

« Carboplatin/paclitaxel/

s e 5w atezolizumab/bevacizumab
S (ABCP) vs

carboplatin/paclitaxel/

bevacizumab (BCP) in 1L

metastatic non-squamous

NSCLC
* ORR, PFS, OS benefit
— * EGFR/ALK+ pts received at
+ e least one approved TKI

First I0-based regimen to show

., ‘amise clinical benefit for EGFR/ALK+
== o pts
—— “%5 +  « Caution: small ALK+ subgroup

(n=13 in ABCP)

IMpower 150 — NCCN category 1

awive MCCN Guidelines Version 1.2019
Non-Small Cell Lung Cancer

SYSTEMIC THERAPY FOR ADVANCED OR METASTATIC DISEASE™"
Initial Systemic Therapy Qptiens

Adunggarcingma, Large Coll, NWLCD:WS PS5 0-1) Adenecarsingma, Large Call, NICLE NOS (P5 )
Ho ol - Al i

. 'J‘ 24 (o T bound paclitaxei®.3
* Atezolizumabicarbopilatin/pa T I %1%
16 the addition of . H
+ Bovactumabicarboplatinpaciitaxel {category 1taln + Carboplatiepaclitaxsl 12
= Bovacizumablcarboplatinipemstraxed®43 + Carboplatinipematransd™!
* Bovacizumablcisplatinipametroxsd®#19 * Docetnass

- Paskandutinisthsmin hasnd aseBsval shannns 317 = Pammribahinad- 38

Potential treatment algorithm

i ]

Emerging data may support
e | ety | consideration of lorlatinib too

Lin et al, Ca Discovery 2017

Lorlatinib can be effective even without ALK resistance

mutations

Lorlatinib response post-next gen ALK TKI

R, - RS

R e Wiy Beiossn U00w

Respenden, o
e,
ot A

=y

Tumor tissue

Bast % change

Dot ol M a i S e

NCI-NRG ALK Master Protocol

exampl

KEY ELIGIBILITY

 ALK-positive by local
testing using an FDA
approved test (with

Lorlatinib
Brigatinib
Lorlatinib
Brigatinib
central confirmation)
« Stage IV NSCLC

« Prior treatment with a Lorlatinib
next generation ALK TKI Brigatinib
« Prior crizotinib allowed LIS
« ECOG PS 0-2 e
« Measurable disease Tumor and L1198F combo m
7 liquid biopsies
« Stable untreated brain (Foundation

metastases allowed medicine)

Target N ~660 No ALK mutation i .
g At Different ALK TKI

or
*ALK TKls: alectinib, brigatinib, ceritinib, ensartinb, lorlatinib L




* Consider local therapy for oligoprogression

* Post-crizotinib: next-generation ALK TKIs are very active
* Alectinib/brigatinib preferred (CNS, more potent, resistance
mutations)
* Lorlatinib has FDA breakthrough designation

* Optimal therapy post-next generation ALK TKI is not well
defined, should re-biopsy
* Resistance mechanisms may guide use of another TKI
* Otherwise, platinum/doublet or chemolO (IMpower 150)
« Lorlatinib FDA approval expected; ensartinib currently in trial

Thank you

Vincent Lam, M.D.
Assistant Professor, MD Anderson Cancer Center
Houston, TX

October 27, 2018
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