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Overview

» Clinical vignette: advanced lung cancer

+ Immune checkpoint inhibitors in advanced disease:

-Non-squamous NSCLC
Ready for the Road Ahead.
Buckle Up.

-Squamous NSCLC
*Focus on major phase lll studies

» Conclusions & gquestions
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A 65 y/o fit gentleman with an 80 pack/year
tobacco hx presents with stage IV
adenocarcinoma of the lung (KRAS-mutated).

Following 4 cycles of 15t line palliative
Carboplatin/Pemetrexed, he receives
maintenance Pemetrexed for 6 cycles

8 months after initial diagnosis, he
experiences disease progression in the lungs

Where do we go from here?
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NSCLC: NOW
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Long-term outcomes for advanced NSCLC
remain poor
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Targeted therapies in advanced NSCLC
have brought promise- but not for most
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q U.S. Food and Drug Administration
IDA Protecting and Promoting Your Health

March 4, 2015 (" NIVOLUMAB B
FDA News Release ¢ 2nd I|ne
FDA expands approved use of Opdivo to treat e Sguamous &
lung cancer
Non-squamous
October 2, 2015 NSCLC

. J

FDA News Release
FDA approves Keytruda for advanced non

-small
cell lung cancer o /PEI\/IBROLIZUMAB\

First drug approved in lung cancer for patients whose tumors express PD-L1
« 20 ]ine
OCtOber 9, 2015 ) Squamous & Non-
FDA News Release squamous NSCLC
FDA expands approved use of Opdivo in e PDL1+: 250%

advanced lung cancer

Opdivo demonstrates survival benefit in squamous and non-squamous non-small cell lung cancer
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NIVOLUMAB IN
SQUAMOUS NSCLC
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Checkmate-017: Nivolumab vs. Docetaxel
for 2"d line tx of adv squamous NSCLC

Nivolumab + Primary Endpoint:
+ Stagelllb/lV SQNSCLC 3 mg/kg IV Q2W - 08
« 1 prior platinum doublet- — untilPDor
based chemotherapy = unaccepia:)gestoxmlty « Additional Endpoints:
+ ECOGPS 0-1 o s — Investigator-assessed ORR
+ Pre-treatment(archival or §> D o 'nveS“g?tor'assessed Bl
fresh) tumor samples = 0092taxe| — Correlation between PD-L1
required for PD-L1 analysis 14 75 mg/m IV Q3W expression and efficacy
S untiPDor _ Safety
N =272 unaCCip£a$!:7tOXlCIW _ Quality of life (LCSS)

Patients stratified by region
and prior paclitaxel use
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Checkmate-017: Overall survival improved
with Nivolumab

100 Median Overall Survival 1-Yr Overall Survival No. of
90 mo (95% CI) % of patients (95% Cl) Deaths
Nivelumab (N=135) | 9.2 (7.3-13.3) 42 (34-50) 86
..g. 20 Docetaxel (N=137) 6.0 (5.1-7.3) 24 (17-31) 113
2 704
m
=8
6 60
= Hazard ratio for death, 0.59 (0.44-0.79)
= 50 P<0.001
2
E
v MNivolumab
T 30- atbabe———didr—hde—d
€ M
O 204
10—
o Objective Response
I I I I
0 3 6 9 12 I' Rate: 20% vs. 9%
Months p= 0.008
MNo. at Risk
Nivolumab 135 113 86 69 52 31 15 7 0
Docetaxel 137 103 ba 45 30 14 7 2 0
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Checkmate-017: Durable responses with

Nivolumab

Cancer Center
A Duration of Response
Patients with Ongoing
7 Response
63%
(17 of 27 patients
with response)

Nivolumab

== During docetaxel treatment

33%
(4 of 12 patients mm After discontinuation
with response) of treatment
=+ Ongoing response

=
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0
Weeks

Median duration
of response:
20.4+ vs 8.4 mos

A

Brahmer J et al, NEJM, May 2015
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Checkmate-017: Tumor PDL1 status
does not predict benefit from Nivolumab

Cancer Center

C Overall and Progression-free Survival According to PD-L1 Expression Level

PD-L1 Expression Level Nivolumab Docetaxel Unstratified Hazard Ratio (95% Cl)
no. of patients
Overall survival :
21% 63 56 . 0,69 (C )

0.58 (0.37-0.92

0.70 (0.47-1.02)

1% 52

|

2 |
|

|

<5% 75 69 ——
210% 36 33 —f— ! 0.50 (0.28-0.89)
<10% 81 75 . 0.70 (0.43-1.01)
Not quantifiable at baseline 18 29 e s—— 0.39 (0.19-0.82)
0125 025 050 100  2.00
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Retter
{? Beth I 1D
\ et X srae eaconess .II'_IEA:;'QIRNDGT‘EO%IS#J\ECHDOL
§ [ Medical Center 9 Brahmer J et al, NEJM, May 2015



Checkmate-017: Adverse events fewer and
less severe with Nivolumab

* Nivolumab:
-7% moderate/severe toxicities

-fatigue, anorexia (10-16%)
-moderate/severe immune-related toxicities:

*nephritis, colitis, pneumonitis
*most iImmune events treated with

systemic steroids

- Docetaxel:
-57% moderate/severe toxicities

-neutropenia, fatigue, alopecia, nausea (23-33%)

Brahmer J et al, NEJM, May 2015
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NIVOLUMAB IN
NON-SQUAMOUS NSCLC



Nivolumab 3 mg/kg IV

Key patient inclusion criteria

« Stage HIIB/IV non-squamous

NSCLC
* Pre-treatment (archival or s
Stratification
« Priormainienance therapy

recent) tumor samples
» Linzof therapy {2 vs. 3™}

available for PD-L1 testing
+ ECOGPS 0-1
« Failed 1 prior platinum

doublet

(Nn=582)
Primary endpoint Secondary endpoints
¢ OS * ORR, PFS, safety, efficacy by PD-L1

aexprassion, QoL

Borghaei H et al, NEJM, Sept 2015
http://www.slideshare.net/spa718/immunooncology-in-lung-

cancer
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Checkmate-057: Overall survival improved
with Nivolumab

A Overall Survival
100
g 90- No. of Median 1-Yr
£ g Deaths/ Overall Overall
i Total No. Survival  Survival Rate
. of Patients  (95%Cl)  (95% Cl)
60 %
§ T Nivolumab 190/292 |12.2(9.7-15.0)] 51 (45-56)
§ o N Docetaxel 223/290 | 9.4 (8.1-10.7) 39 (33-45)
a 304 Nivolumab Hazard ratio for death, 0.73 (96% Cl, 0.59-0.89)
T 20- P=0.002
g 10 Docetaxel
T3 § 3 k5 b oa % &
- Objective response
s
e rate: 19% vs. 12%
Nivolumab 292 232 194 169 146 123 62 32 9 0 p=0.02
Docetaxel 290 244 194 150 111 88 34 10 5 0
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B Duration of Response

52% (29 of 56
% Nivolumab patients with
c ongoing
§~ response)
€
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14% (5 of 36
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ongoing
response)
T T T T 1
16 32 43 64 80 96 112
Weeks
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Checkmate-057: Durable responses with

.

Median duration
of response:
17.2 vs 5.6 mos

_J

@ Time to first response
B During nivolumab treatment
W During docetaxel treatment
B After discontinuation

of treatment
-+ Ongoing response

Borghaei H et al, NEJM, Sept 2015



Checkmate-057: Tumor PDL1 expression
e assoclated with improved outcomes with
Nivolumab

<1% PD-L1 expression level ‘

Ove rall Survivl ()
¢

e Nivolumab
204 —@— pocetaxel
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Nivolumab:
-10% moderate/severe
-fatigue, nausea, anorexia (10-16%)
-moderate/severe immune-related toxicities:
*rash, colitis, abnl LFT’s, pneumonitis

*most Immune events treated with
systemic steroids

Docetaxel:
-54% moderate/severe
-neutropenia, fatigue, alopecia, nausea (25-31%)

Brahmer J et al, NEJM, May 2015
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PEMBROLIZUMAB IN
NSCLC
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KEYNOTE-010: Pembrolizumab vs. Docetaxel
2 for previously treated adv NSCLC

Stratified by ECOG performance sfalus
(0 ws 1), region (east Asia wvs nof east Asia),
ard FD-L1 expression (& 50% vs 1% fo 49%)

|

Pembrolizumab 2 mg'kg IV

every 3 wks

n=345)

Pits with advanced NSCLC : :
who prog ressed after / c:nr;hmue;":nr
F:gﬁmépnuﬁgf::ﬁ Pembrolizumab 10 mg/kg IV 24 mos or untl

(and TKI if EGFR+ or ALK+), —  * svery 3 whe —_— mfi‘::
= 1% PD-L1+ tumor cells; {n = 34E) " - o
toxicity

ECOG performance status 0-1
(N = 1034)
Docetaxel* 75 mg/m?® IV

every 3 wks

(n=343)

-

Pembrolizumab given at
2 different doses;
Patients stratified by
. tumor PDL1 status

Eﬁgiﬁﬁa&%ﬁconess T o enica sencor Herbst R et a.ll,_Lance't, 2016
: http://www.clinicaloptions.com/Oncology
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. KEYNOTE-010: Overall survival improved
seaed - with Pembrolizumab in all groups/dose levels

PD-L121% PD-L1 2 50%
B
10A0- — Pembrolzumab 2 mglkg 100+
w-\% = w'\‘\\
B0+ B0 -
z ] Aty g™ ..
3 Objective response = Objective response
2? . rates: 18%vs. 9% 3‘! -] rates: 29-30% vs. 8%
30 04
-l % v M
10~ 10-
| - ! » 5 o % " I 5 5 5 3
mmm 10 10 51 b0 3 0 Number at risk T p—
Pembrolzumab 10 mg/kg 151 115 60 A 1 0 Pembrolzurmab 2 mg/kg 344 259 115 49 12 Q
Docetaxed 152 % 38 19 1 0 Pembrolzumab 10 mgfkg 346 255 124 56 6 0
Devstaesd U1 N2 79 n 1 ]
Median overall survival: Median overall survival:
10.4-12.7 mos vs 8.5 mos 14.9-17.3 vs 8.2 mos
Median duration of response:
" 10-12+ vs 6-8 mos
§§' Beth Isracl Deaconess ) nammo ueorcas scnoo.

Herbst R et al, Lancet, Dec 2016



KEYNOTE-010: Adverse events fewer and
less severe with Pembrolizumab

- Pembrolizumab:
-13-16% moderate/severe toxicities

-fatigue, anorexia (11-14%)
-immune-related toxicities:

hypothyroidism (8%),

hyperthyroidism (4-6%),

pneumonitis (4-5%)-- 3 deaths due to

pneumonitis

- Docetaxel:
-35% moderate/severe toxicities

-alopecia, fatigue, diarrhea (18-33%)

Herbst R et al, Lancet, Dec 2016
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BACK TO OUR PATIENT...
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A 65 y/o fit gentleman with an 80 pack/year
tobacco hx presents with stage IV
adenocarcinoma of the lung (KRAS-mutated).

Following 4 cycles of 15t line palliative
Carboplatin/Pemetrexed, he receives
maintenance Pemetrexed

8 months after initial diagnosis, he experiences
disease progression in the lungs

PS is O, end organ function is normal, and no
concurrent autoimmune disease

Tumor tests positive for PDL1 by IHC

He proceeds to receive 2" line Pembrolizumab
IV every 3 weeks

Beth Israel Deaconess &8 " AAAAAAAAAAAAAAAAAAAA
Medical Center )




Nivolumab

Previously treated
NSCLC

3mg/kg IV
every 2 weeks

Pembrolizumab

Previously treated
PDL1+ NSCLC

2mg/kg IV
every 3 weeks
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There are many ongoing phase lll trials
of checkpoint inhibitors in NSCLC...

Table 5. Ongoing Phase IlI Clinical Trials of Checkpoint Inhibitors in NSCLC

2nd line/refractor

1D

Study Phase and Setting

Regimen

Accrual Status and
Estimated
Enroliment

(No. of patients)

Primary End Point
and Estimated PCD

beyond
s
PD1
PD-1

PD-L1 inhibitors
PD-L1

PD-L1
PD-L1 andfor CTLA4

15, fme

CTLA4
PD-1 inhibitors
PD-1
PD-1
PD-1

PD-L1 inhibitors
PD-L1 and/or CTLA4

PD-L1
PD-L1
PD-L1

PD-L1

Adjuvant

CheckMate 163, NCT02066636
KEYNOTE-010, NCTO1905657

OAK, NCT02008227

JAVELIN Lung 200, NCT02395172
ARCTIC, NCT02352948

metastatie=

CA184-104, NCTO1285609
CA184-153, NCT02279732

CheckMate 026, NCT02041533
KEYNOTE-024, NCT02142738

KEYNOTE-042, NCT02220894

MYSTIC, NCT02453282

IMpower 110, NCT02409342
IMpower 111, NCT02409355
IMpower 130, NCT02367781

IMpower 131, NCT02367794

IMpower 150, NCT02366143

PACIFIC, NCT02125461
BR31, IFCT1401, NCT02273375

aNSCLC, second line

Phase |/l aNSCLC, PD-L1 positive,
second line

aNSCLC, second line*

aNSCLC, PD-L1 positive, second line
aNSCLC, EGFR and ALK negative or
unknown, third line

aNSCLC EGFR T790M positive, EGFR
inhibitor pretreated, second line

Squamous aNSCLC, first line
Squamous aNSCLC, first line

aNSCLC, PD-L1 posttive, first line

aNSCLC, PD-L1 positive, EGFA and
ALK negative, first line

aNSCLC, PD-L1 positive, EGFR and
ALK negative or unknown, first line

aNSCLC, EGFR and ALK negative or
unknown, first line

aNSCLC nonsquamous, PD-L1
positive, first line

aNSCLC squamous, PD-L1 positive,
first line

aNSCLC nonsquamous, first line

aNSCLC squamous, first line

aNSCLC nonsquamous, first line

Stage Il unresectable NSCLC
Completely resected NSCLC, adjuvant

Nivolumab 1 year v nivolumab until
progression

Pembrolzumab vdocetaxel

Al lizumab vd I

Avelumab v docetaxel

PD-L1 positive: durvalumab v standard
care; PD-L1 negative: durvalumab
and/or tremelimumab v standard care

Durvalumab plus AZD9291 v AZD9291

Ipilimumab plus PacCarbo v PacCarbo
Ipilimumab plus PacCarbo v PacCarbo

Nivolumab v PlatD
Pembrolzumab v PlatD

Pembrolizumab v PlatD

Durvalumab vdurvalumab plus
tremelimumab v PlatD
Atezolizumab v PemPlat

Atezolzumab v GemPlat

Atezolizumab plus nabpacCarbo v
nabpacCarbo

Atezolizumab plus nabpacCarbo v
atezolizumab plus PacCarbo v
nabpacCarbo

Atezolizumab plus PacCarbo v
atezolizumab plus PacCarboBev v
PacCarboBev

Durvalumab v placebo after
chemoradiation

Durvalumab v placebo

Recruiting, N = 780

Active, not recruiting,
N = 920

Active, not recruiting,
N = 1,226

Recruiting, N = 650
Recruiting, N = 900

Not yet recruiting,
N = 350

Completed accrual,
N = 920
Recruiting, N = 867

Recruiting, N = 635
Recruiting, N = 300

Recruiting, N = 1,240

Not yet recruiting, N
Ro::ruiting, N = 400
Recruiting, N = 400
Recruiting, N = 5§50

Recruiting, N = 1,200

Recruiting, N = 1,200

Recruiting, N = 702

Recruiting, N = 1,100

Safety, March 2019

0S, November 2015

0S, June 2017
0S, October 2021
OS, February 2017

PFS, August 2017

0OS, June 2015
0OS, September 2019

PFS, August 2016
PFS, June 2016

OS, June 2018

PFS, April 2018
PFS, April 2018
PFS, July 2019
PFS, July 2018

PFS, February 2023

PFS, January 2017

0S, May 2017
DFS, January 2025

NOTE. Clinical trial data as listed on ClinicalTrals.gov as of June 19, 2015.

Abbreviations: ALK, anaplastic lymphoma kinase; aNSCLC, advanced non-small-cell lung cancer; Bev, bevacizumab; Carbo, carboplatin; CTLA-4, cytotoxic T-lymphocyte-associated antigen 4; DFS, disease-free
survival, EGFR, epidermal growth factor receptor, Gem, gemcitabine; NABpac, nanoparticle albumin-bound paclitaxel; NSCLC, non—-small-cell lung cancer; OS, overall survival; Pac, paclitaxel, PCD, primary completion
date; PD-1, programmed cell death protein 1; PD-L1, progmmmed death ligand 1; Pem, pemetrexed; PFS, progression-free survival; Plat, platinum; PlatD, platinum doublet.

*First-line patients were allowed if they had disease recurrence within 6 months of treatment with a platinum-based adjuvant/necadjuvant regimen or combined-modality (eg, chemoradiation) regimen with curative

intent.
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Outcomes for advanced NSCLC are poor
Available 2M |ine therapies are toxic and with modest efficacy

Immune checkpoint inhibitors have improved survival in the 2" line

...ourvival benefit = 2-6 months
(And may be true for 15t line/initial treatment, too)

PDL1 remains a challenging marker to predict who will best respond

to immune checkpoint inhibitors
...Patients with PDL1- tumors may still benefit from drug

IF response, then typically durable (>6 mos)

Immune toxicities are real, but can be managed
...And are typically less severe than with chemotherapy
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Combination vs. sequential chemotherapy/immunotherapy is being

explored

Oral targeted therapies (TKIs) remain the standard initial treatment
for mutated advanced tumors (i.e. EGFR, ALK)

Immunotherapy for small cell lung cancer is up and coming

Beth Israel Deaconess 8 HaRVARD MEDICAL scHoOL
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