Case Oriented Clinical Applications
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- EGFR Mutation Positive Patients -
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Evolution of

ung cancer histology over time

Today (2013)  Targets today Targets in the future
EGFR ALK ROS1
KRAS BRAF  HER2  RET DDR2  MET FGR1  PI3K
and others and others
2008 Adenocarcinoma Large-cell carcinoma Squamous cell carcinoma
[ ]
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2000 Non-small-cell lung cancer . Small-cell lung cancer
o w 2 w 'n'
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1990 Lung cancer o

Adenocarcinoma Large-cell carcinoma
Adenocarcinoma and treatable oncogenic alterations with approved

[ ]
Small-cell lung cancer
drugs (EGFR mutation and ALK translocation)

[]
’n| Squamous cell carcinoma without oncogenic alteration

Squamous cell carcinoma with oncogenic alteration

Reck, M., et al,, Lancet, 2013. 382(9893): p. 709-19.




Knowledge of non-small cell lung adenocarcinoma
has evolved in recent decades

MET amp ERBB2 amp (0.9%)
(2.2%) RIT1 (2.2%)

HRAS (0.4%)
NRAS (0.4%)

RET fusion (0.9%)
MAP2K1 (0.9%)
ALK fusion (1.3%)
ROS1 fusion (1.7%)
ERBB2 (1.7%)

KRAS None ; None MET ex14 (4.3%)
(50.0%) (50.0%) (48.6%)

None
(24.4%)

KRAS
(32.2%)

1987 2004 2014

Vargas, AJ. and C.C. Harris, Nat Rev Cancer, 2016. 16(8): p. 525-37.



Landmark discoveries

FDA approved

Timeline of major progress made in targeting
EGFR in management of lung cancer

1988
EGFR as a target
for antitumor
therapy

- - &

2005
A secondary point
mutation, T790M,
was discovered

=

ra
2009 b

EGFR T790M and
activating mutations
were detected in
plasma DNA

T

next-generation sequencing
through which tumors
acquired resistance to
AZD9291 (osimertinib)

T

2015
EGFR C797S was detected by

]
H

Ke, E.E. and Y.L. Wu, Trends Pharmacol Sci, 2016. 37(11): p. 887-903.



Genetic alterations of lung adenocarcinoma

NCC_Japan

TCGA_USA

1 BRAF0.3%
B HER21.9%
Bl ALK fusion 3.8%
Bl RET fusion 1.9%

ROS1 fusion 0.9%
NRG1 fusion 0.3%
BRAF fusion 0.3%
MET ex14 2.8%

1000

B HER21.7%

Bl ALK fusion 1.3%
Bl RET fusion 0.9%
1 ROST1 fusion 1.7%
Bl VMET ex14 4.3%

Saito, M., et al., Surg Today, 2017.



Genetic alterations

BRAF, 11, ,
HER2,33, gy Co-mutations, |:EGFR+KRA$, 3

_ 1.9% —— | 7,0.4% EGFR + HER2, 3
{ - KRAS + BRAF, 1

Cohort 1°: EGFR/
KRAS/HER2/BRAF
Cohort 2**: ALK

*Cohort 1 (n=1772 lung adenocarcinoma): testing of EGFR/KRAS/HER2/BRAF.
**Cohort 2 (n=295 EGFR-wt lung adenocarcinoma): testing of ALK.

of lung adenocarcinoma

In Taiwan

Hsu, K.H., et al., PLoS One, 2015. 10(3): p. e0120852.
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Frequency of EGFR mutations in lung cancer according
to ethnic, geographic & smoking backgrounds
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Mitsudomi, T., Transl Lung Cancer Res, 2014. 3(4): p. 205-11.



Progress in the treatment of metastatic lung cancer

Overall survival (months)

357
30 7
25
20 A
15
10 +
5 -
O T T T T T |
Combination Platinum Platinum Gefitinib Erlotinib Gefitinib
chemotherapy doublets doublets and (2009) (2009) (2009)
(1976) (2002) bevacizumab  past Asian, Spanish Japanese
SCLC and NSCLC (2006) never or EGFR- EGFR-
NSCLC Non-squamous  light smoker mutant mutant
NSCLC NSCLC NSCLC NSCLC

Pao, W. and J. Chmielecki, Nat Rev Cancer, 2010. 10(11): p. 760-74.



Epidermal growth factor receptor (EGFR) pathway

' Ligands - EGF,TGF-alpha,amphiregulin
i i EGFR/HER1

Mutations exon18-21 (see Figure 2)

inactive u(ivo
ws 1
-l— PTEN
RAF
i 4
MEK
l BIM
v
] D[
Survival Survival
Migration Migration
Me tastasis Metastasis
Prol#eration Proliferation

Siegelin, M.D. and A.C. Borczuk, Lab Invest, 2014. 94(2): p. 129-37.



Frequency of mutations in exons 18-21 of EGFR gene &
association with responsiveness to EGFR targeted therapy

7p11.2

[T

(688)

18

(728)

(729)
19
(761)

(762)
20

(823)

(824)

21
(875)

Resistant | Sensitive

G719S (c.2155G>A)

G719C (c.2155G>T) 5%
G719A (c.2156G>C)

S720F (c.2159C>T)

D761Y (c.2281G>T) 1%

D770 N771 (insNPG)
D770°N771 (inssva) 3%
D770 N771 (insG)

V765A (c.2294T>C

T783A C.2347A>G‘

S768I (c.2303G>T)

T790M (c.2369C>T)

V769L (c.2305G>T) 1%

N771T (c.2312A>C)

1%

L858R (c.2573T>G) 41%

L861Q (c.2582T>A) -
L861R (c.2582T>G) 3%

Cheng, L., et al, Mod Pathol, 2012. 25(3): p. 347-69.



Mechanisms of acquired resistance to EGFR-TKIs &
agents used to overcome resistance

!!l \ ErbB2/
E \ /
G
F
R
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Third-generation

= First: -generation Pan-ErbB

_TKls EGFR- -TKls inhibitors MET
Fert inhibitors
* |nh|b|tors
Raf l
— Akt
* inhibitors
MEK —— MEK
inhibitors
mTOR
inhibitors

Ke, E.E. and Y.L. Wu, Trends Pharmacol Sci, 2016. 37(11): p. 887-903.



Relative frequencies of acquired resistance mechanisms

MET HER2 + T790M
amplification 4%
3%

Unknown

Small cell+ MET 18%

1%
Small cell
1%
Small cell +
T790M
2%

MET+ T790M
3%

Yu, H.A, et al.,, Clin Cancer Res, 2013. 19(8): p. 2240-7.



Mechanisms of resistance to 3rd-generation EGFR TKIs
B T790M “loss”
B T790M “maintained”

(no resistance mechanism identified)

B C797S/T790M-positive

B SCLC/T790-wild-type

B HER2 amp/T790-wild-type

B MET amp/T790-wild-type

Sullivan, I. and D. Planchard, Ther Adv Respir Dis, 2016. 10(6): p. 549-565.



Potential treatment algorithm for EGFR-mutated advanced NSCLC

First-line EGFR TKI
Gefitinib 250 mg/day; Erlotinib 150 mg/day; Afatinib 40 mg/day
mPFS 9-13 months

Progressive
disease

Rebiopsy

(Tissue, Plasma)

A 4 A A 4
EGFR T790M+ EGFR T790M-wt EGFR T790M-wt
No other MoR Other targetable MoR
Osimertinib 80 qd
Clinical trial CT® +/- continue EGFR TKI - SCLC transformation:
Clinical trial Platinum-based + etoposide
Osimertinib ? (ORR 21%) - Clinical trial

Rebiopsy
(Tissue, Plasma)
C797S
Loss of T790M
Other MoR Chemotherapy
Clinical trial
Immunotherapy

Sullivan, I. and D. Planchard, Ther Adv Respir Dis, 2016. 10(6): p. 549-565.
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Brain MRI

Necrotic enhancing mass in Rt. cerebellar hemisphere
: R/O metastasis
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1. EGFR =¥ 0| Zut5 7|ChElCt,
2. Platinum-based chemotherapy
3. Whole brain RT

4. Stereotactic body radiation therapy (xl, SBRT)
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2. Platinum-based chemotherapy

3. Whole brain RT

4. Stereotactic body radiation therapy (xl, SBRT)
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CLINICAL
ASSESSMENT

Stage IV,
M1b:
limited
sites

PRETREATMENT EVALUATION

If not previously

done

* Brain MRI with
contrast

+ FDG PETICT scanl

* Pathologic
confirmation of
metastatic lesion,
if possible

Limited
metastases
confirmed

Multiple
metastases

INITIAL TREATMENT®®

Stereotactic radiosurgery
{SRS) alone
or

Surgical resection,

if symptomatic or
warranted for diagnosis,
followed by SRS or whole
| brain RT (WBRT)

Brain®® —=

See Treatment of
—* | Thoracic Disease

(NSCL-14)

See Treatment of
Other site — | Thoracic Disease

(NSCL-14)

See Systemic Therapy for
Metastatic Disease (NSCL-17)

. See Systemic Therapy for

-

Metastatic Disease (NSCL-17)

IPETICT performed skull base fo knees or whole body. Positive PET/CT scan findings for distant disease need pathologic or other radiologic confirmation.

“5ee NCCN Guidelines for Central Nervous System Cancers.

Note: All recommendations are category 2A unless otherwise indicated.
Clinical Trials: NCCHN believes that the best management of any patient with cancer is in a clinical trial. Participation in clinical trials is especially encouraged.

Wersion 72017, 062217 © Mational Comprehanshve Canoer Metaork, Inc. 2047, All rights reserved. The BCCN Guidelines® and this: [lusiafion may not be reproduced inany form without the sxpress writen permission of MCCA®,
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CT-guided lung Bx: Adenocarcinoma
= HO| A1} EGFR (+, exon21 p.L858R or p.L861Q)/ALK (-)

| 2= XXl Adenocarcinoma

[ 1MMUNOH | STOCHEM | STRY]

|H14-008533 ki-G7 7O %

| H14-006593 CK-=7 positive

| H14-006593 CK-20 negat ive

| H14-00659:3 TTF-1 positive

|H14-00659:3 COx-2 negat ive
Additional Report 1 =14-037342 +£ B8 20141014

[DIAGHOZTE 1]

Brain, cerebrum, excisian:
adenocarcinoma, moderately differentiated, metastatic.

[ COMMENT 1]
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TREATMENT OF THORACIC DISEASE

Pathological
mediastinal nodal
evaluation™ and

surgical resection®

T1-3, NO }b—

T1-3, N2 Definitive

T4, NO-2 chemoradiation9
Definitive therapy | See Systemic Therapy
for thoracic disease * | for Metastatic Disease
not feasible | (NSCL-17)

hiethods for evaluation include mediastinoscopy, mediastinotomy, EBUS, EUS, and CT-guided biopsy.
k - . ;

‘See Principles of Surgical Therapy (NSCI-B)

ISee Principles of Radiation Therapy (NSCL-C).

95ee Chemotherapy Regimens Used with Radiation Therapy (NSCL-E).
99Ty pically, RT (including SABR) or surgical resection.

or
SABR!
Consider systemic Pathological Def I |
X efinitive loca
therapy N?'CL 1 mediastinal nodal th f
i and restaging - _ erapy for
Definitive therapy . evaluation” and — i eren dd
. to confirm non- . . metastatic site," if
for thoracic . T1-3, N1 —— [surgical resection¥ not already given
disease feasible progression or
o Definitive RT! or
Proceed to ﬁ diationd
definitive therapy chemoradiation

Note: All recommendations are category 2A unless otherwise indicated.
Clinical Trials: NCCHN believes that the best management of any patient with cancer is in a clinical trial. Participation in clinical trials is especially encouraged.

Wersion 72017, 0622 T © National Comprehanshe Cancer Metaork, Inc. 2047, Al rights reserved. The NCCN Guidelines® and this llustraSon may not b= reproduced In any form without the aypress writen permission of NCCN®,

Consider systemic
therapy, if not
already given

(NSCL-17)
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Bone scan




Brain MRI

Multifocal enhancing lesions with mild perilesional
edema in both cerebral hemisphere: Brain metastasis
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« Bronchoscopic Bx: Adenocarcinoma
- H7|: Stage IV, TAN3M1b

. W5 ECOG 0
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1. EGFR =¥ 0| Zut5 7|ChElCt,
2. Platinum-based chemotherapy
3. Whole brain RT

4. Stereotactic body radiation therapy (xl, SBRT)
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. Non-Small Cell Lung Cancer Discussion
Network
CLINICAL PRESENTATION HISTOLOGIC TESTING? TESTING RESULTS?
SUBTYPE Sensitizing EGFR See First-Line
* Molecular testing mutation positive Therapy (NSCL-18)
» EGFR mutation testing » See First-Line
- Adenocarcinomal (category 1) ALK positive * Therapy (NSCL-20)
+ Large Cell ' ’;Eﬁéﬁﬂl?ﬂ {_tj;ategary h See First-Line
estin iti —_— e =
+ Establish histologic| |+ NSCLC not } Testing Zhoud be ROS1 positive | Therapy (NSCL-22)
subtype? with otherwise conducted as part Eg}f:; E’q'ﬁ'(“"_éeo 5?“" See First-Line
adequate tissue for specified (NOS) of broad molecular negative or unknown Therapy (NSCL-23)
molecular testing praflllngﬂﬂ
(consider rebiopsy » PD-L1 testing** PEgII:ﬁ . ALK, Rci:s 1, See First-Line
Metastatic |_| if appropriate) or unkiown, Jove Therapy (NSCL-24)
Disease * Smoking cessation Molecular testing
counseling * . Sensitizing EGFR See First-Line
» Integrate palliative g CD?S:F"H EGdF :LK mutation positive * Therapy (NSCL-18)
care® (See NCCN festing™ in never - See First-Lin
—E ulllq e-tl_lneséfor smokers or small ALK positive ———— Thcrapy (NSCL-20)
Palliative Care) biopsy specimens, or L
Squgmcus cell mixed histology" ROS1 positive ———» —$ﬁ:r§g$t{-hlsn§ L-22)
carcinoma » Consider ROS1 testing? PD-L1 positivek® and
» Testing should be ‘EGFR E’QLH ROST See First-Line
E‘;‘ ';‘r’;':;e:_l j;feg:l:r negative or unknown Therapy (NSCL-23)
profiling 99 EGFR, ALK, ROS1, See First-Line
» PD-L1 testing"* EP;";‘EH?D’;:EG““"’E Therapy (NSCL-25)
d5ee Principles of Pathologic Review (MSCL-A). |0 patients with squamous cell carcinoma, the observed incidence of EGFR mutations is 2.7%
TTemel JS, Greer JA, Muzikansky A, et al. Eary palliative care for patients with metastatic non- with a confidence that the true incidence of mutations iz less than 3.6%. This frequency of
srruall-{:ell lung cancer. M Engl J Med 2010;363:733-742. EGFR mutations does not justify routine testing of all tumor specimens. Forbes SA, Bharma G,
it repeat biopsy is not feasible, plasma blnpsy should be considered. Bamford 5, et al. The catalogue of somatic mutations in cancer (COSMIS). Curr Protoc Hum
23The NCCH NSCLC Guidelines Panel strongly advises broader molecular profiling with the Genet 2008;chapter 100unit 10.11.
goal of identifying rare driver mutations for which effective drugs may already be available, or lIPgik PK, Varghese &AM, Sima C35, et al. Response to erlotinib in patients with EGFR mutant
to appropriately counsel patients regarding the availability of clinical trialz. Broad molecular advanced non-small call lung cancers with a squamous or squamous-ike component. Mol
profiling is a key component of the improvement of care of patients with NSCLC. See Emerging Cancer Ther 2012;11:2535-2540.
Targeted Agents for Pafients With Genetic Alterations (MSCL-H). IShaw AT, Ou 5-HI, Bang Y¥-J, et al. Crizotinib in ROS1-rearanged non-small cell lung cancer. M

Engl J Med 2014, 371:1963-1971.
kkp[-| 1 expression levels of 250% are a positive test result for firstdine pembrolizumal therapy.

Mote: All recommendations are category 28 unless otherwise indicated.
Clinical Trials: NCCHN believes that the best management of any patient with cancer is in a clinical trial. Participation in clinical trials is especially encouraged.

Versicn 7.2017, DE/2Z217 & Naficnal Comprehenshve Cancer Mebwerk, Inc. 2017, All fights reserved. The NGO Guidelines® and Bis TlustaSon may not be reproduced In any form withoot the express writlen permission of NGONE. NSCL-1T
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« Bronchoscopic Bx: Adenocarcinoma

- =@BHO| A1 EGFR (+, exon19 deletion)/ALK (-)
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Network? Non-Small Cell Lung Cancer Discussion
SENSITIZING EGFR MUTATION POSITIVE?
FIRST-LINE THERAPY
EGFR mutation Erlotinib! (category 1
) or
discovered -
prior to firstdine | Afatinib'! (category 1)
or
chemotherapy Gefitinib!! (category 1
Sensitizing
EGFR See Subsequent
;L:;:LG > Progression > Therapy (NSCL-19)
Complete planned
EGFR mutation chemotherapy,
discovered including maintenance
during first-line therapy, or interrupt,
chemotherapy followed by erlotinib
or afatinib or gefitinib

3See Principles of Pathologic Review (NSCL-A).
IFor performance status 0-4.

Hote: All recommendations are category 2A unless otherwise indicated.
Clinical Trials: NCCHN believes that the best management of any patient with cancer is in a clinical trial. Participation in clinical trials is especially encouraged.
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SENSITIZING EGFR MUTATION POSITIVE?

SUBSEQUENT THERAPY
= Consider local therapy
« Osimertinib (if T790M+)

Y

Asymptomatic

Progression™m

T790M
testing™

Symptomatic

mim

35ee Principles of Pathologic Review (NSCL-A).

nnif tissue biopsy is not feasible, plasma biopsy should be considered.
“eConsider pulse erlofinib for carcinomatosis meningitis.

FPFor rapid radiologic progression or threatened organ function, alternate therapy should be instituted.
dAfatinib + cetuximab may be considered in patients with disease progression on EGFR TEI therapy.

(category 1)
or

* Continue erlotinib or
afatinib or gefitinibPP

I' Consider local tthﬂE; I

(category 1)
or

Brain®® ————— |. Continue erlotinib or See subsequent

afatinib or gefitinib L = Proaression . |therapy for
* See NCCN Guidelines d multiple lesions,
for CNS Cancers noted below

Consider local thera
* Continue erlotinib or
Isa_lated__h afatinib or gefitinib
lesion or
* See subsequent therapy
for multiple lesions,

noted helow Ssmerin (cat 5 See subsequent
simertinib (category therapy for
r TT90M+—» (if not previously given) multig e lesions,
- noted below
Multiple . ]
lesions See First-line therapy options9

Adenocarcinoma (NSCL-24)

T790M- » | Squamous cell carcinoma (NSCL-25)
or

PD-L1 expression positive 25»‘.)%}]

See First-Line Therapy (NSCL-23

—(GFR TEIL. If disease flare occurs, restart EGFR TKI.

Consider reflex to fissue-based testing, if plasma test is negative for the T790M mutation.

Hote: All recommendations are category 2A unless otherwise indicated.
Clinical Trials: NCCHN believes that the best management of any patient with cancer is in a clinical trial. Participation in clinical trials is especially encouraged.

Versicn 7.2017, DS/2Z2M7 & Naficnal Comprehenshe Cancer Mebwork, Inc. 2017, All fights reserved, The NCON Guidelines® and is Tlustraticn may rot be reproduced In any form withost the express writien permizsion of NGONE. MNSCL-19
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Extended curettage & cementation

l/F with Philos plate & screws & palliative ERT
k| FO| B — Cyberknife (3 Fx, 2200 cGy)

Bone metas 9| soft tissue: EGFR mutation Z 1}

EGFR PHAClamp S RSHEHO| A A S2FRELICE
Mutation @ Positive - (1) exon19 deletion®dLCt,
(2% exon20 p. T790M mutat ionSdLICE.
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