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= | will discussing non-FDA approved treatment/ indications
during my presentation today (research findings)
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Targeted therapies for oncogene-driven NSCLC

= 2"+ generation approaches in ALK
= 1st generation approaches in “emerging” alterations
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= 2"+ generation approaches in ALK




ALK rearrangements

= 2007 detected as an alteration in NSCLC
= 2011 crizotinib approved A Fingemedimiies i

. o B Hazard ratio for progression
- Slngle-arm ORR 50, 61 (yo 0—3 Ly P<%gél(ig:foi?agji:g:?:;;d Iogi'ank test)
s .
- Vs docetaxel in the 2@ line P
- PFS 7.7 vs 3.0 mos £ 2

- Vs platinum combo in the 18t line
= PFS 10.9 vs 7.0 mos ey B R 2 % 1 & 8

Solomon, NEJM 2014 UCsp



ALK rearrangements

= ...but resistance inevitably develops.
= Why?
- Crizotinib good, not great as an ALK inhibitor
- Poor brain penetration
- Resistance mutations develop, eg G1202R
= 2nd generation ALK inhibitors— better ALK activity, better CNS
activity
- Ceritinib approved 2014 (duration 7.1 mos post-crizotinib)
- Alectinib approved 2015 (duration 7.5 mos post-crizotinib)




ALK— Moving 274 generation to 15 line?

= ALEX trial S {Vle\VA X9 Tey)

KEY ELIGIBILITY Alectinib ENDPOINTS

e Advanced or metastatic 600 mg BID PO e Primary
ALK+ NSCLC - ) — PFS (RECIST 1.1), by

investigator review
ALK+ by central IHC
testing Secondary
PFS by IRC
Time to CNS progression

ORR, DOR

NO CROSSOVER
Treatment-naive per protocol

ECOGPS 0-2

Measurable disease Crizatinib ] (O8]
g BID PO : Safety and tolerability

metastases allowed N=286 N Patient-reported
outcomes

Asymptomatic brain

Stratification factors:
* ECOGPS (0/1vs 2)
Race (Asian vs non-Asian)
Brain metastases (present vs absent)

ALK, anaplastic lymphoma kinase; IHC, immunohistochemistry; NSCLC, non-small-cell lung cancer; ECOG PS, Eastern Cooperative Oncology Group Performance Status; PO, by mouth;
PFS, progression-free survival; IRC, independentreview committee; CNS, central nervous system; ORR, objective responserate; DOR, duration of response; OS, overall survival

eresevteosr: ASCO A MEETING 17 | #ASCO17

Slides are the property of the author. Permission required for reuse.

Presented by: Alice T. Shaw

Shaw, ASCO 2017.




ALK— Moving ond generation to 1% line?

« ALEX (ASCO 2017, NEJM 2017), alectinib vs crizotinib

- RR 83 vs 76%

Hazard ratio for disease progression or death,
0.47 (959 CI. 0.34-0.65)
P<0.001 by log-rank test

100+
90
= 80
= 70 e
— - 1 o
?‘% 60~ \ O e Rlecton
- =
Sé 50 \‘\—-\
m © 40+ )
-~
E°£ ol -
& 20+ sy
10 Crizotinib
0 Ll LJ Ll T L L L Ll LS L
Day 3 6 9 12 15 18 21 24 z7 30
Month

No. at Risk
Alectinib
Crizotinib

152 135 113 109 97 81 67 35 15 3
151 132 10«4 84 65 456 35 16 S

C Cumulative Incidence of CNS Progression

Cumulative Incidence of CNS

50
.
H
& S0 H /
5 P
é 40 =Cr|zot-mb‘ 12-mo cumulative incidence
.
o I,J ! rate: 41.496 (959 CI. 33.2—-49.4)
£ 304 H
s —~ :
E 20 : VAlectinib, 12-mo curnulative incdence
,_{ i rate: 9.49% (9596 Cl, 5.4-14.7)
H
& 10+ l — ’
= ’
0 L L L L] L
o 6 12 18 24 30

Month

OS immature: HR 0.76, p=0.24
FDA approved 11/17

Peters, NEJM 2017



ALK— Moving ond generation to 1% line?

D Survival without Intracranial Disease Progression among Patients

- ALTA-1L (NEJM 2018), alectinib vs criztoinib ™" """

Median AtlYr
(95% C1) (95% CI)
- RR 71 vs 60% m o
() Brigatinib  NR (11-NR) 67 (47-80)
Crizotinib 5.6 (4.1-9.2) 21 (6-42)
A Progression-free Survival lgg_
Median AtlYr - 804
‘95?:00) (95:‘:') VE, T 704 Brigatinib
[
Brigatinib NR 67 (56-75) g2 604
Crizotinib 9.8 (9.0-12.9) 43 (32-53) “é 3 50
2% 404
100 -
g R 304
= 904 e Hazard ratio for dises o
g & 20-| Hazard ratio for disease Crizotinib
5 80 o & progression or death,
ST 70 Brigatinib 109 0.27 (95% €1, 0.13-0.54)
3 5 60 0 T T T T T T 1
g2 0 3 6 9 12 15 18 21
c a 50
2% 401 Crizotinib Months
“n 32 .
8 30 ) No. at Risk
() Hazard ratio for disease progression or death, 5
g 204 a9 (95% CI, 0.33-0.74) Brigatinib 43 39 32 22 9 5 1
104 P<0.001 by log-rank test Crizotinib 47 37 16 9 2 0 0
c T T T T T T 1
0 3 6 9 12 15 18 21
Months
Not yet FDA approved for 1L
Brigatinib 137 114 90 64 26 3 1 r V r
Crizotinib 138 117 75 50 18 3 2

Camidge, NEJM 2018 UCse



ALK- 3 generation

= Lorlatinib
- ORRin pts after previous TKI failure, n=215: 48%
= Median DoR 12.5 mos
- Intracranial ORR, n=89, 60%

= FDA approved 11/18 for 2" line (after 2"d gen) or 3" line (after
1stand 2" gen)

15

4/16/2020 U%F



ALK take-home points

Cellular ALK phosphorylation mean ICy, (nmol/L)

Mutation status Crizotinib Ceritinib Alectinib Brigatinib Lorlatinib

Parental Ba/F3 11293.8

= Biopsy at the beginning to
psy ginning —n-—
determine the driver i“f#;’as‘“ ---

IC50 > 50 < 200 nmol/L

mutation/rearrangement i [
= ForALK, 1stline SOC is alectinib @& s
= Cancers evolve... v —

EML4-ALK

= Consider biopsy at progression e
to determine next drug? e

EML4-ALK
D1203N

- Or empiric lorlatinib: — e

E1210K

EML4-ALK

= ORR 44% after 1 prior TKls -

EML4-ALK
D1203N+F1174C

- ORR 25% after 2 prior TKls o [ R B R
= ORR 31% after 3 prior TKls

Gainor, Cancer Discovery, 2016; ASCO Proc 2017 #9006 U%F



Targeted therapies for oncogene-driven NSCLC

= 1st generation approaches in “emerging” targets




FDA-approved oncogene-targeted agents in NSCLC

EGFR
Erlotinib approved 2009
Gefitinib approved 2015
Afatinib approved 2013
Dacomitinib approved 2018
Osimertinib approved 2015
ALK
Crizotinib approved 2011
Ceritinib approved 2014
Alectinib approved 2015
Brigatinib approved 2017
Lorlatinib approved 2018
ROS1
Crizotinib approved 2016
BRAF
Dabrafenib/trametinib approved 2017

ROS1 crizotinib

» PROFILE 1001, n=53

» ORR70%

* mPFS 19.3mo

e Stay tuned:
»  Ceritinib (NCCN listed)
*  Entrectinib

BRAF dabrafenib/trametinib
* 1st]ine data, n=36
* ORR 64%

* mPFS 14.6mo

Shaw A, Ann Onc 2016. Planchard D Lancet Onc 2017.
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Adenocarcinoma
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Li, JCO 2013.



Emerging targets

= MET exon 14 skipping mutation
- Often older patients, current/former smokers, sarcomatoid pathology
- 3-4% of NSCLC

= Crizotinib ORR 44%, PFS not yet reached (ASCO 2016)
FDA breakthrough designation

= RET rearrangement
= Vandetanib ORR 53% (ASCO 2016)
= Cabozantinib ORR 38% (ASCO 2016)

=  HER2 mutation
= T-DM1 ORR 33% (ASCO 2017)




Emerging targets

= TRK fusions
- Larotrectinib
= N=55
= 4 lung

- RR 76%
= Including 22% CR

- mDOR NR

TRK fusions found in diverse cancer histologies

Brain cancers (glioma, GBM, astrocytoma)

Salivary (MASC) B Common cancer with low
Thyroid cancer TRK fusion frequency
Lung cancer B Rare cancer with high
_Secrelory breast cancer TRK fusion frequency
Pancreatic
iocarcinoma
GIST
Y Colon Gliomas
|
/f
/ Thyroid cancer

Infantile fibrosarcoma

Sarcoma (multiple) j |

Congenital nephroma
I Spitz nevi

fti Sarcoma (multiple)
S

)

o \&

Estimated 1,500-5,000 patients harbor TRK fusion-positive cancers in the United States annually

= FDA approved, tumor site agnostic, 11/18

Hyman DM, ASCO Proc 2017.
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NCCN Guidelines Index
Table of Contents
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h\[e{el\ll Cancer
Notworl® Non-Small Cell Lung Cancer
CLINICAL PRESENTATION HISTOLOGIC TESTING"
SUBTYPE?
* Molecular testing
» EGFR mutation testing
+ Adenocarcinoma (category 1)
« Large cell » ALK testing (category 1)
« NSCLC not » ROS1 testing
* Establish histologic otherwise » BRAF testing
subtype? with specified (NOS) » Testing should be

adequate tissue for
molecular testing

Advanced (consider rebiopsy99
or if appropriate)
metastatic| ™ |+ Smoking cessation
Disease counseling
* Integrate palliative
care® NCCN

Guidelines for

Palliative Care)

Squamous cell

carcinoma

¢Temel JS, Greer JA, Muzikansky A, et al. Early palliative care for patients with metastatic non- see

small-cell lung cancer. N Engl J Med 2010;363:733-742.
99if repeat biopsy is not feasible, plasma testing should be considered.

conducted as part of broad
molecular profiling!
* PD-L1 testing (category 1)

* Molecular testing

» Consider EGFR mutation
and ALK testing® in never
smokers or small biopsy
specimens, or mixed
histology"!

» Consider ROS1 and BRAF
testing in small biopsy
specimens or mixed
histology

» Testing should be

conducted as part of/broad
molecular profilin
* PD-L1 testing (c ory 1)

ITestin

TESTING RESULTShh
Sensitizing EGFR mutation positi
(see NSCL-18)

ALK positive (see NSCL-21)

ROS1 positive (see NSCL/£4)

BRAF V600E positive -25)
PD-L1 250% and FR, ALK negative
or unknown (seg/ NSCL-27)

EGFR, ALK, XOS1, BRAF negative or
unknown, pD-L1 <50% or unknown

Sensj#izing EGFR mutation positive
(seg/MNSCL-18)

K positive (see NSCL-21)
ROS1 positive (see NSCL-24)
BRAF V600E positive (see NSCL-25)

PD-L1 250% and EGFR, ALK negative
or unknown (see NSCL-27)

EGFR, ALK, ROS1, BRAF, negative
or unknown, PD-L1 <50% or unknown
(see NSCL-29)

ould include the neurotrophic receptor tyrosine kinase (NTRK) gene fusion; if positive,

k|n fatients wfth squamous cell carcinoma, the observed incidence of EGFR mutations is 2.7%
h a confidence that the true incidence of mutations is less than 3.6%. This frequency of

EGFR

tions does not justify routine testing of all tumor specimens. Forbes SA, Bharma G,

"The NCCN NSCLC Guidelines Panel strongly advises broader molecular profiling with the

goal of identifying rare driver mutations for which effective drugs may already be available, or
to appropriately counsel pati regarding the lability of clinical trials. Broad molecular
profiling is a key component of the improvement of care of patients with NSCLC. See Emerging
Biomarkers lo Identify Palients for Therapies (NSCL-H).

Bamford S, et al. The catalogue of somatic mutations in cancer (COSMIC). Curr Protoc Hum
Genet 2008;chapter 10:unit 10.11

Ipaik PK, Varghese AM, Sima CS, et al. Response to erlotinib in patients with EGFR mutant
advanced non-small cell lung cancers with a squamous or squamous-like compONg Ol MOl e

The NCCN NSCLC
Guidelines panel strongly
advises broader molecular
profiling with the goal of
identifying rare driver
mutations for which
effective drugs may already
be available, or to
appropriately counsel
patients regarding the
availability of clinical trials.
Broad molecular profiling is
a key component of the
improvement of care of
 patients with NSCLC.

Cancer Ther 2012;11:2535-254

Note: All recommendations are category 2A unless otherwise indicated.

Clinical Trials: NCCN believes that the best management of any patient with cancer is in a clinical trial. Participation in clinical trials is especially encouraged.

NSCL-17

Varsion 3.2019, 01/18/19 © 2019 National Comprehansive Cancer Network® (NCGN®), All rights reserved, NCCN Guidalines® and this illustration may no! be roprocuced in any form wehout the express writien pemission of NCON,

UCsF
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comprehensive NCCN Guidelines Version 3.2019 idelines |

NCCN Bl Non-Small Cell Lung Cancer Discussion

EMERGING BIOMARKERS TO IDENTIFY NOVEL THERAPIES FOR PATIENTS WITH METASTATIC NSCLC

Genetic Alteration (ie, Driver event) Available Targeted Agents with Activity
Against Driver Event in Lung Cancer
High-level MET amplification or MET exon i 15
14 skipping mutation Crizotinib
RET rearrangements Cabozantinib®’
9 Vandetanib®
ERBB2 (HER2) mutations Ado-trastuzumab emtansine®
; = Nivolumab + ipilimumab?
Tumor mutational burden (TMB) Nivolumab'!

*TMB is an evolving biomarker that may be helpful in selecting patients for immunotherapy.
There is no consensus on how to measure TMB.

10u SH, Kwak EL, Siwak-Tapp C, et al. Activity of crizotinib (PF02341066), a dual mesenchymal-epithelial transition (MET) and anaplastic lymphoma kinase (ALK) inhibitor, in a non-small
cell lung cancer patient with de novo MET amplification. J Thorac Oncol 2011,6:942-946.

2Camidge RD, Ou S-HI, Shapiro G, et al. Efficacy and safety of crizotinib in patients with advanced c-MET-amplified non-small cell lung cancer. J Clin Oncol 2014;32(Suppl 5): Abstract
8001.

3Frampton GM, Ali SM, Rosenzweig M, et al. Activation of MET via diverse exon 14 splicing alterations occurs in multiple tumor types and confers clinical sensitivity to MET inhibitors.
Cancer Discov 2015;5:850-859.

“Paik PK, Drilon A, Fan PD, et al. Response to MET inhibitors in patients with stage IV lung adenocarcinomas harboring MET mutations causing exon 14 skipping. Cancer Discov
2015;5:842-849.

SAwad MM, Oxnard GR, Jackman DM, et al. MET exon 14 mutations in non-small-cell lung cancer are associated with advanced age and stage-dependent MET genomic amplification
and cMET overexpresion. J Clin Oncol 2016;34:721-730.

SDrilon A, Wang L, Hasanovic A, et al. Response to cabozantinib in patients with RET fusion-positive lung adenocarcinomas. Cancer Discov 2013; 3:630-635.

"Drilon A, Rekhtman N, Arcila M, et al. Cabozantinib in patients with advanced RET-rearranged non-small-cell lung cancer: an open-label, single-centre, phase 2, single-arm trial. Lancet
Oncol 2016;17:1653-1660.

8Lee SH, Lee JK, Ahn MJ, et al. Vandetanib in pretreated patients with advanced non-small cell lung cancer-harboring RET rearrangement: a phase |l clinical trial. Ann Oncol
2017,28:292-297.

9Li BT, Shen R, Buonocore D, et al. Ado-trastuzumab emtansine in patients with HER2 mutant lung cancers: Results from a phase Il basket trial. J Clin Oncol 2018;36:2532-2537.

10Helimann MD, Ciuleanu TE, Pluzanski A et al. Nivolumab plus ipilimumab in lung cancer with a high tumor mutational burden. N Engl J Med 2018; 378:2093-2104.

11Carbone DP, Reck M, Paz-Ares L et al. First-line nivolumab in stage IV or recurrent non-small-cell lung cancer. N Engl J Med 2017,376:2415-2426.

Note: All dati tegory 2A unless otherwise indicated.
Clinical Trials: NCCN b.llevu that the best management of any patient with cancer is in a clinical trial. Participation in clinical trials is especially er ged.

NSCL-H

Version 3.2019, 01/18/19 & 2079 Nasonal Comprahananve Cancar Network® (NCCN*), All rights reserved. NCCN Guidelines® and this may not ba d in any form without the axpress writien pemmission of NCCN.
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comprehensive NCCN Guidelines Version 3.2019

NCCN Guidelines Index

Table of Contents

sassn - Squamous cell lung ca

NCCN Ee:lle1d
Network® Non-Small Cell Lung Cancer
CLINICAL PRESENTATION HISTOLOC;EIC TESTING" TESTING RESULTShh
SUBTYPE Sensitizing EGFR mutation positive
* Molecular testing (see NSCL-18)
» (Ecg::l; ;nryut:,tlon testing ALK positive (see NSCL-21)
: tadreg';o::ﬁcmoma » ALK testing (category 1) ROS1 positive (see NSCL-24)
« NSCLC not » ROS1 testing .
+ Establish histologic haine » BRAF testing AN o )
subtype? with specified (NOS » Testing should be B
adequate tissue for P ( ) conducted as part of broad sPul;J‘:ge,ﬁ' ?&i‘;’;‘i""f negative
molecular testing molecular profiling'!
Advanced (consider rebiopsy88 * PD-L1 testing (category 1) EGFR, ALK, ROS1, BRAF negative or
or _ | ifappropriate) unknown, PD-L1 <50% or unknown
metastatic * Smoking cessation * Molecular testing SEEEEE Lt
Disease counseling » Consider EGFR mutation Sensitizing EGFR mutation positive
* Integrate palliative and ALK testing*® in never (see NSCL-18)
care® (See NCCN_ smokers or small biopsy ALK positive (see NSCL-21)
Guidelines for specimens, or mixed
Palliative Care) | histology ROS1 positive (see NSCL-24)
Squamous cell » Consider ROS7 and BRAF
carcinoma tasﬂqg in small piopsy BRAF VE0OE positive (see NSCL-25)
specimens or mixed PD-L1 250% and EGFR, ALK negative
histology or unknown (see NSCL-27)
» Testing should be
conducted as part gf broad EGFR, ALK, ROS1, BRAF, negative
molecular profiling or unknown, PD-L1 <50% or unknown
* PD-L1 testing (category 1) (see NSCL-29)
aSee Principles of Pathologic Review (NSCL-A). iiTesting should include the neurotrophic receptor tyrosine kinase (NTRK) gene fusion; if positive,
cTemel JS, Greer JA, Muzikansky A, et al. Early palliative care for pati with ic non-

small-cell lung cancer. N Engl J Med 2010;363:733-742.
99if repeat biopsy is not feasible, plasma testing should be considered.

hhsee Principles of Molecular and Biomarker Analysis (NSCL-G).

iiThe NCCN NSCLC Guidelines Panel strongly advises broader molecular profiling with the
goal of identifying rare driver mutations for which effective drugs may already be available, or
to appropriately counsel patients regarding the availability of clinical trials. Broad molecular
profiling is a key component of the improvement of care of patients with NSCLC. See Emerging
Biomarkers fo Identify Patients for Therapies (NSCL-H).

see NSCL-26.
kn patients with squamous cell carcinoma, the observed incidence of EGFR mutations is 2.7%

with a confidence that the true incidence of mutations is less than 3.6%. This frequency of
EGFR mutations does not justify routine testing of all tumor specimens. Forbes SA, Bharma G,

Bamford S, et al. The catalogue of somatic mutations in cancer (COSMIC). Curr Protoc Hum
Genet 2008:chapter 10:unit 10.11.

IPaik PK, Varghese AM, Sima CS, et al. Response to erlotinib in patients with EGFR mutant
advanced non-small cell lung cancers with a squamous or squamous-like component. Mol
Cancer Ther 2012;11:2535-2540.

Note: All

h iaa indi "

2A unless
¥
Clinical Trials: NCCN beliwu thal the best management of any patient with cancer is in a clinical trial. Participation in clinical trials is especially encouraged.

NSCL-17

Varsion 3.2019, 01/18/19 & 2019 Natonal Comprehansva Cancar Network® (NCCN®), Al rights raserved. NCCN Guidelnes* and this illustration may not ba reproduced (n any fofm wEhout the expross whitien pammissian of NCCN

No standard of care
actionable mutations

Lung-MAP Master

Protocol

«  Mutation testing
either at dx or
progression

«  Start treatment after
progression on
chemo (+/-
immunotherapy)

« Match to a sub-study
based on alteration
(eg PI3K, FGFR) or
non-match (currently
immunotherapy)

UCsF



Targeted therapies for oncogene-driven NSCLC

= 2"+ generation approaches in ALK
- Alectinib the standard of care in first line
- Lorlatinib the new standard of care in refractory disease
- But may eventually consider biopsy to determine mechanism of resistance

= 1st generation approaches in “emerging” alterations
- FDA approvals for ROS1, BRAF, NTRK
- Other targets “on deck,” some with off-label opportunities (NCCN can help)
- You can’t treat what you haven'’t identified

- Think about testing squamous cell patients, esp non-smokers, scant samples and
mixed histology, and/or Lung-MAP

- Clinical trials!

UCsF
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