KNOW THE

ABC'Sor
VIRAL HEPATITIS

More than 4 million people in the US are
living with viral hepatitis. Most don’'t know it!

The ABCs of Immunotherapy

Hepatitis A can be prevented
with a safe, effective vaccine.

Many people got infected

with hepatitis B before the

Anti-PD-1/PD-L1 inhibitor

L]
Treatments are available B I O l I l a r ke r ‘
that can cure hepatitis C. .

Take the CDC Online Risk Assessment to see if you

s Combination or CAR T cell thera py

)




|NS|GHT When is Immunotherapy the Right
©om DANA-FARBER ~ Treatment for Lung Cancer? & g ¥,

CANCER INSTITUTE

"dramatic transformation”

“Today, nearly half of all patients presenting
with lung cancer can be initially treated
with targeted agents or immunotherapy
rather than chemotherapy.’

“The estimated three-year survival rates are 17 percent
and the curve remains relatively flat out toward five years,”

Bruce Johnson, MD



Percent survival

Time

B Chemotherapy
B Genomically targeted therapy
B Immune checkpoint therapy

B Combination with genomically
targeted agent and immune

checkpoint therapy

Cell 2015 161(2) P205-214
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Felip, ESMO 2017; Herbst, ASCO 2017; Rittmeyer, Lancet 2017
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Male - 72 years old

« 2017.5 Hemoptysis
« Sguamous cell carcinoma GP#4




Male - 72 years old after GP #4

2017.5.15 2015.7.22



Male - 72 years old — PD

2015.7.22 2017.10.20



Male - 72 years old

- PD-L1 : Positive (+) (= 1%)

* Approximate Number of Viable Tumor Cells: > 100
* Negative Control Reagent Acceptance: Yes
* Tissue Specimen Scoring of Tumor Cells
- PD-L1 Expression: Strong Positive ( > 50% )
- TPS (Tumor proportion score): 100 %
- Predominant staining intensity: 3+ ( Strong staining )



Pemblizumab #23 Stable disease
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2017.09.15 2017.10.20




Immune phenotypes % A ¥

IMMUNE

https://www.roche.com/research_and_development/what_we_are_working_on/oncology/cancer-
immunotherapy/beyond-the-immunity-cycle.htm



Immune phenotypes “ 4 s

https://www.roche.com/research_and_development/what_we_are_working_on/oncology/cancer-
immunotherapy/beyond-the-immunity-cycle.htm



t

icroenvironmen

Cancer m

endothelial cells
\

cancer cells

extracellular matrix

adipocyte
00

|
White blood cells



The cancer immunity cycle — Seven Step %

DENDRITIC
e

A TYPE oF
ANTIGEN PresenTING
cen

https://www.roche.com/research_and_development/what_we_are_working_on/oncology/cancer-
immunotherapy/beyond-the-immunity-cycle.htm



The cancer immunity cycle

T CELL
TRAFFICKING

https://www.roche.com/research_and_development/what_we_are_working_on/oncology/cancer-
immunotherapy/beyond-the-immunity-cycle.htm



The cancer immunity cycle = IR .
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The cancer immunity cycle = A

STEP SI1X
\ CANCER T CEW
\ RECO GNITION

https://www.roche.com/research_and_development/what_we_are_working_on/oncology/cancer-
immunotherapy/beyond-the-immunity-cycle.htm



Role of White bloods f &
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The cancer immunity cycle - T cell killing ~ + X4 *.







The cancer immunity cycle - T cell killing = A .

https://www.roche.com/research_and_development/what_we_are_working_on/oncology/cancer-
immunotherapy/beyond-the-immunity-cycle.htm



Avoiding immune destruction

EGFR Cyclin-dependent
inhibitors kinase inhibitors
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* Designed to suppress the immune system
« Healthy organs are not damaged
« Cancer cells can take over these checkpoints

Antigen

\
<>

Inactivated
cytotoxic T cell

Tumor cell



(a) Checkpoint inhibitors
T cell

checkpoint
inhibitor antibody

/ checkpoint
protein ligand
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Not everyone benefits from immunotherapy # ¢4 .
2




Tumor Mutational Burden in Various Tumor Types
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Alexandrov. Nature. 2013;500:415.



http://www.clinicaloptions.com/

Only a minority of mutations produce neoantigens -

Somatic Expression of Class | MHC TCR
Mutations mut. protein presentation recognition

Transcription? Protein folding? MHC restriction? TCRrepertoire?

Adapted from Michielin, ELCC 2018

Presented By Solange Peters at 2018 ASCO Annual Meeting
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Histology of squamous dyspmasia in SqCC = 44 *..

TP53 inactivation
5q22 LOH

8p22-24 LOH f
FHIT inactivation

p16INK4a
methylation

Telomerase
dysregulation

3p21 - 9p21 LOH
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Adenocarcinoma precursor lesions # A ¥,
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Oncogene addiction
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What about targeted therapy? oy

ALK MET _ HER2 .
» Crizotinib ¢ > Crizotinib 2 > Tmsifu_zurz'nab emtansine
EGFR Sensitizi »> Alectinib ¢ ~ Cabozantinib 2 > Afatinib = )
=>ensizIing > Ceritinib 4 > Dacomitinib
o gemun®. > Lorlatinib 2 MET 3%
- Eriotind ' igatini ROS1
.. > Brigatinib 2 .
=~  Afatinib ¢ > 1 Mutation 2% - Criz_ntir'lib a
~ Osimertinib EGER HERZ 2% » Cabozantinib 2
-~ i d . R - 1
Necftur:r1l:|rr;ah Other 4% ROS1 29 > Cerltn:lll:ir
»  Rociletinib » Lorlatinib 2
BRAE 2% > DS-6051b 1
RET 2%% BRAF
NTRKL 1% » Wemurafenib 2

» Dabrafenib 2

PIK3CA 1%

Unknown MEKL <1% > Cabc%ntinib 2
Oncogenic Driver > Alectinib 2
Detected > Apatinib 2
31% = Wandetanib 2
# Ponatinib 2
> Lenwvatinib 2
NTRK1
Key MEKI PIK3CA ~ Entrectinib =
1 - Phase | 3 _Phase Il ~ Trametinib 2 > LY3023414 2 > LONO-101 =
> Selumetinib 32 ~ PQR 3091 ~ Cabozantinib ?
2 - Phase Il 4 - Approved > Cobimetinib > DS-6051b 1

Tsao AS, et al. J Thorac Oncol. 2016; 11(5): 613-38.



Adenocarcinoma

ALK
m HER2
BRAF .
o PikseA PD-L1 expression
MAP2K1 Tumor mutation burden
1 NRAS
m ROS1
B RET
W EGFR

NSCLC

as one
disease
m KRAS

Histology-Based Subtyping / = Unknown
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receptor

Antigen

Others

1
% Squamous Cell Cancer
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W DDR2
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J Clin Oncol 31:1039-1049.



First biopsy (n=395)

Regional
Lymph
Node
28 pts
7.0%

Del19+T790M +
Others 2 pts
0.6%

T790M +Others -

1pt 0.3%

L858R + Others
2 pts 0.6%

Re-biopsy (n=39%5)
Regional Others 4 pts
Lymph
Node 50 pts
12.7%

Metastasis
121 pts
30.6%

No EGFR No EGFR

mutation _mutation assay
13 pts 18 pts
4.1% 5.7%

Only Del19
74 pts 23.6%

L858R+T790M
52 pts 16.6%

Only L858R
56 pts 17.8%

Only others
4pts 1.3%

T cell

Antigen
receptor

PD-1 blocker

_ Only T790M

7 pts 2.2%

K. Nosaki et al. / Lung Cancer 101 (2016) 1-8



Checkpoint inhibitors in NSCLC
Key milestones

Approvalsin NSCLC Pembro

(2LPD-L2+)*

\‘ Nivo (2L)3 @ Pembro (1L PD-L1+)
gPembro ,‘ Pembro (2L PD-L1+)4
(2LPD-La+)*
Nivo Nivo
Pembro . Pembro (1L PD-L1+)2
LSQ)* 1
(2L SQ) (2LNSQ) (2LPD-L1+)2 ‘ g ?sl;;‘;ae HESE
" . Atezo Pembro
Nivo ‘ Nivo i 4 Atezo
(2L SQ)Z (ZL NSQ)Z (ZL) + chemo (lL) ‘ (2L)2
l \ 4 l l vV V l l
2015 2016 2017 2018

Many ongoing trials in early stage NSCLC

1. U.S. Food and Drug Administration. 2. European Medicines Agency. 3. ONO Pharmaceutical Co., Ltd. 4. Merck [press release]. December 19, 2016.

Presented By Solange Peters at 2018 ASCO Annual Meeting



PD-L1 and evidence-based thresholds to use

Detection antibody 28-8 22C3 SP263 73-10 SP142
IHC platform Dako Dako Ventana Dako Ventana
Cell types scored

for NSCLC TC TC TC 1 TC&IC
Cut-off definitions Firstline:

for positivity >50% PD-La+ 250% >25% None None
(complementary vs Late lines:

companion) PD-L1+21%

Estimated PD-L1
biomarker positivity

[ = 100%
in 2" line
at registration level
Estimated PD-L1
biomarker positivity
in 1%tline
at registration level

Presented By Solange Peters at 2018 ASCO Annual Meeting




Who can receive Immune Check Point Inhibitor?
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OPDIVO 2nd line PD-L1 10%

(n/volumab)

LS USE 10 mg/ml

KEYTRUDA 2nd |ine PD-L1 50% HZHANAIYII

(p embrOhZU mab) for Injection 50 mg

Y=
TECENTRIO. 2" line TC2/3 or 1C2/3

atezolizumab w:

2 IMFINZI

durvalumab



OPDI Vo

(mvo/umab)

INJECTION FOR INTRAVENQLIS U

EYTF

(pembrOthJmab) for Injection 50 mg

TECENTRIO.

atezolizumab

) IMFINZI

durvalumab

2"d |ine

1st line PD-L1 1% or with /\| OE
Pemetrexed + Platinum

2"d |ine or

1st line with
Avastin + Paclitaxel + Platinum

*Unresectable Stage lli
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Immune-mediated AES
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What are the side effects of immunotherapy? # & *
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Male - 72 years old

« 2013.10.02 RULobectomy Squamous cell carcinoma T2N1MO PD-L1 30%
« 2015.8.19 Stump site recurrence

Y

J S
Sex: Age:
D.0O.Birth:

0871072015
10:08: 11

Cr:N Bt A1
Ce:0

Physician:
Comment :




Male - 72 years old 2 years later

2017.11.23



2017.11.23




Pemblizumab Treatment

2018.04.14



Pemblizumab Treatment

46235989
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Questions that can be answered by cancer biomarkers

Prognostic Diagnostic Predictive
Is it likely to What type of IS thls the
develop G optimal
cancer is it?
this cancer? drug for my
cancer?

Pharmacodynamics Recurrence

What's the | | Will the
optimal dose | cancer
for my body? | return?

Cyfra 21-1
Non smoker

TTF-1
EGFR mutation

ALK FISH



Biomarker % A *,
o

Biomarkers currently applied for NSCLC |mmunotherapy

Surrogates of
Immune response
Immune cells

Gene signature
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Rizvi, Science 2015; Fehrenbacher, Lancet 2016; McGranahan, Science 2016; Kerr, ASCO 2016
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PD-L1: Interobserver Variability

-
..\.
~~
PO Ny G by

-&

35 Sy et 2
Vg o

- . .""

edo

Paxton. CAP Today. https://captodayonline.com/making-best-pd-l1-ihc-testing/ Slide credit: clinicaloptions.com



http://www.clinicaloptions.com/

Who benefits most from Immunotherapy?  « 4 *.

But only about 30% of patients with advanced NSCLC have
very high levels of PD-L1 expression

KEYNOTE-024

Events, Median, HR P
100 n mo (95% CI)

901
801 162%
70-
60
50-
40
30-
20+

PD-L1>50% 10-
EGFR/ALKWT 0

Pembro 73 10.3 0.50

<0.001
Chemo 116 6.0 (0.37-0.68)
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PFS, %
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Tumor Mutational Burden

Large Targeted Panels (Without “Paired Normal”) m Coverage: up to 405 genes (3 15
genes = 1.1 Mb coding genome)

1000 -
E — Sample minimum: 20% tumor cells
L 100 - . .
5 — Sample minimum: 50 ng DNA
oo
@
2 10 -
S
>
[ =
S  1.0-
©
5
=
0.1-

1 1 1 1
0.1 1.0 10 100 1000

Mutations/Mb Whole exome
O]

Slide credit: clinicaloptions.com

Chalmers. Genome Med. 2017;9:34.
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TMB by Whole Exome Sequencing (WES) is >L-g ,ﬁ
predictive of immunotherapy activity across diseases

Melanoma (Anti-CTLA-4) NSCLC (Anti-PD-1) Colon (Anti-PD-1)

100
1 L 100— — High synonymous burden E MMR-deficient
804 — <100 mutations o — Low nonsynonymous burden = 1.0+ —_ MMR: sl
e 3 i - :E; proficien
= 60 U sS © » 0.8
S 53 293
2 404 @ 250 i S0 059 h
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»n [ P=.041 Lo \ S5 0.4+ |
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D o
1.0 @ 3 100- Median PFS (95% Cl), mo 100
g’ 0.8 1 —n s‘rsory:‘:‘tlh‘ii'(c’iunt § ‘Eu 80 Nivolumab (n = 47): 9.7 (5.1-NR) 3
2 0.6+ L = . a = Chemotherapy (n = 60): 5.8 (4.2-8.5) * o
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5 ., % @ — 20 | —_1-y PFS = 30.0%
2 0.2 P=.005 t £ 20— Nivolumab —e & 11-y PFS = 8.0%
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0 Tt 0 0 — .
0 1' é :'3 ",’ é é a. & 0 ;'3 é T.glg 1'2 1'5 1'3 211 0 3 6 9 12 15 18 21 24 27 30 33 36
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Time, y
1. Snyder, N Engl J Med. 2014; 2. Rizvi, Science. 2015; 3. Le DT, N Engl J Med. 2015; 4. Van Allen EM, Science. 2015 ; 5. Hugo, Cell. 2016 ; 6. Carbone, N EnglJ Med. 2017; 7. Rizvi, WCLC 2017
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TMB is not correlated to PD-L1 expression
Both biomarkers might be additive

* 100 Nivolumab Arm (CM 026)
1,000 . .
7] ] L] a
5 : 5 % B
= . : « | | High
L ° ° [ ] - e o e 8 o
T o 8 o
= e ' * : : : I = ' s 2 g L High TMB,
g 243 ? = '-E '—. “““““““ PD-L1 250%
> °
! ‘ [ ] ° : ° . ! O. . " H —
& e 3 e kL H L, Vg e | | Low/medium _
S $ ® . S
& 100 s ! o e o % H o[l TMB 05, &
[ ] ) w
2 . : &
L °
® H
E ; L] s p e 6 '® ® o
o 32 S . e ° ® High TMB,
d 25 PD-L11-49%
c . . "
~ . e Low/medium TMB,
= ° PD-L1 1-49%
E 10 . . . }
o ] Low/medium TMB,
0 PD-L1250%
: ’ 0 3 6 9 12 15 18 2 24
*
I Months
Q 25 50 75 100

PD-L1, % tumor expression

Peters, AACR 2017
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TMB is being developed as a blood-based biomarker

Progression-Free Survival (%)

. « All base substitutions
Sequencing 20.5% allele frequency

—’ * Remove germline

polymorphisms &

Blood collection,
plasma isolation &
cfDNA extraction

bTMB 216

= Atezolizumab (N =77)

905 == Docetaxel (N = 81)
80 + Censored
70 4
60
PFS HR:
50 -

0.64 (0.46-0.91)

bTMB Pipeline

predicted driver mutations

T T T T T T g T T T T T
0 2 4 6 8 10 12 14 16 18 20 22
Months

Progression-Free Survival (%)

g DTMB =

100

POPLAR OAK

bTMB <16
. === Atezolizumab (N = 216)
‘ = Docetaxel (N = 209)
% + Censored
]

-~
-~

— 1 1 T 1T T 1T 1T 1T 1
2 4 6 8 10 12 14 16 18 20 22 24 26

Months

* >1,000 plasma samples from patients with advanced NSCLC
* Prevalence of the bTMB =16 in OAK: 27%.

* HRhighTMB + high PD-L1 (not correlated): 0.38

Presented By Solange Peters at 2018 ASCO Annual Meeting

Gandara, accepted in principle at Nature Medicine



Tumor foreignness
Mutational load

Tumor sensitivity
to immune effectors
MHC expression,

IFN-y sensitivity General immune status

Lymphocyte count

Absence of inhibitory

tumor metabolism I",“?l"'"e,
LDH, glucose utilization cell infiltration
Intratumoral T cells

Absence of soluble inhibitors Absence of checkpoints
IL-6, CRP PD-11




Combination therapy

CTLA-4 Inhibition | |PD-L1 Inhibition

T cell activation and proliferation’® Prevention of T cell
Memory T cell production® suppression®’

Activated

Activated

Activated T Cells

Antigen\A"\_ % Inhibition
Presenting Cell X

\

S

Tumor Cell
R

| PD-L1 Upregulation |

Activated T cells migrate to the tumor microenvironment,
Lymph Node which may lead to PD-L1 upregulation.®’ Tumor Microenvironment




Combination

; PFS HR Toxicities
Trial PFS / OS (months) inPD-L1neg.  Grade 3-5
KEYNOTE-02 T3 ETTTTEe
el 4 Pembro 10.3 NA 27 Vs 53%

-L1=50 Y Plat/Pem or Gem or Pacli
KEYNOTE-042 Pembro | 5.4 INNIGZN) e
! embro . (in 1-49%: 18 vs 41%
PD-L1>1% Plat/Pem or Pacli “6.5 mianny 0.92, NS)
IMPoweri50 .~ 83 iz
5 Atezo + Beva + Plat/Pacli 83 0.72 59 Vs 50%
Non-squamous PlayPaci e8I
KEYNOTE-1 sz DTSR
0) 89 Pembro + Plat/Pem | 8.8 0.59 67 vs 65%
Non-squamous Plat/Pem .9
KEYNOTE-407 Pembro + Plat/Pacli or NabPacli 5.68 70 vs 68%
Squamous Plat/Paclior NabPacli 48
CheckMate 22 vo+lpi 7.2 I
7 Nivo + Ipi - 0.48 31Vs 36%
TMB>10mut/Mb Plat/Pem or Gem 2.4
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THIS AFTERNOON...

Non-Squamous Squamous

|
v v

No Targetable EGFR, ALK, BRAF,
Alterations ROS-1

PD-L1 <50% TPS

PD-L1<50%TPS PD-L1250%TPS PD-L1250%TPS

TMB <10/MB TMB =10/MB

TMB <10/MB TMB =10/MB

v v
. Nivolumab = : i .
Platinum Doublet? e Pembrolizumab Platinum Doublet? N!\/.olumab Pembrolizumab
Ipilimumab Ipilimumab
Pembrolizumab Pembrolizumab
Platinum Pemetrexed Platinum Taxane

Atezolizumab Bevacizumab Atezolizumab
PFS/OS?
Carboplatin Paclitaxel IMpewers0 oS IKpWErBo/eaiRR Carboplatin Nab-Paclitaxel i
Nivolurnab CheckMate 227 PFS PD-L1<1%TPS
Platinum Gemcitabine/Pemetrexed 7
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TMB <10/MB

Across histologies

No Targetable
Alterations

TMB 210/MB

PD-L1 <50% TPS PD-L1250%TPS PD-L1 <50% TPS PD-L1250%TPS

Slide 33

Nivolumab

Pembrolizumab? -
Ipilimumab

Platinum Doublet?

Anti-PD(L)-1

Blatinum o blat New immunotherapy combinations

T-cell therapies [ vaccines

Atezolizumab + Bevacizumab
Carboplatin + Paclitaxel

Only non-squamous
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Radiotherapy :Immune system activation,

IL6, IL8, TNFa

.) Normal cells
(@ Lymphocytes

'y




No. of Events/

Total No. Median PFS 12-Mo PFS 18-Mo PFS
of Patients (95% Q1) (95% ClI) (95% Cl)
1.0+ mo % %
Durvalumab  214/476  16.8 (13.0-18.1)  55.9 (51.0-60.4) 44.2 (37.7-50.5)
0.9 Placebo 157/237 5.6 (4.6-7.8) 35.3 (29.0-41.7)  27.0 (19.9-34.5)
g
S 08+
-
wv
g 0.7+
&
.E, 0.6-
1]
8 0.5 :
‘b:n : E : Durvalumab
& 044 TRy E
o _Iﬁm—:_*;_“ﬁ:}pe 1 X
g 03_ : | | SuE N Ga— K{ij_x( :
:a 1 _}_:—L_%“'
_§ 0.2- E E Efﬁ % Placebo{ :
= Stratified hazard ratio for disease progression ;
0.14  ordeath, 0.52 (95% Cl, 0.42-0.65) : :
Two-sided P<0.001 : :
00 | I I I I : I I |
0 3 6 9 12 15 18 21 24 27
Months since Randomization
No. at Risk
Durvalumab 476 377 301 264 159 86 44 21 4 1

Placebo 237 163 106 87 52 28 15 4 3 0




Probability of Overall Survival

No. at Risk

Durvalumab
Placebo

No. of Events/ Median 12-Mo 24-Mo
Total No. Overall Survival  Overall Survival Rate  Overall Survival Rate
of Patients (95% Cl) (95% Cl) (95% ClI)
mo % %
Durvalumab 183/476 NR (34.7-NR) 83.1 (79.4-86.2) 66.3 (61.7-70.4)
Placebo 116/237 28.7 (22.9-NR) 75.3 (69.2-80.4) 55.6 (48.9-61.8)

Lo Stratified hazard ratio for death, 0.68 (99.73% Cl, 0.47-0.997)

0.9 Two-sided P=0.0025

0.8+

0.7+

0.6+ Durvalumab

0.5- 5

0.4 | Piacebo

0.3+ :

0.2- 5

0.14 |

0'0 1 1 1 1 1 | I I | | I I | ] I |

01 3 6 9 12 15 18 21 24 27 30 33 36 39 42 45
Months since Randomization

476 464 431 415 385 364 343 319 274 210 115 57 23 2 0 0
237 220 198 178 170 155 141 130 117 78 42 21 9 3 1 0




What next in immunotherapy?

Generating super-soldiers
the production of CAR-T cells

Chimeric Antigen Receptor

retroviral
l' vector

CAR-T cell

facebook.com/pedromics



CAR T-cell Therapy g@
" Teell L
Remove blood from | =~ ' °® Make CAR T cells in the lab Z
patienttogetTcells| = =
Beallt® Insert gene for CAR
VIl
\ . Tcell
) I 8D <
e M‘ Chimeric antigen
v receptor (CAR)
»
CAR T cells bind to cancer CART cell 2 W5 _{
cells and kill them o,

N st o
L D 4 oy L i
o AR 2 o
VN cancercell  \Ua¥ .
= " _Antigens i 7 Grow millions of
A - 4 ; CART cells
] g v F
A T CARTcell
VLS L ket
e 3 0 i
| ’ g;i‘ ¢ h;ﬁ. 3
sdialy  + § Infuse CAR T cells
.{“"'*' L  Cancer cell into patient

CAR T cell can direct attach target cell



The ABCs of Immunotherapy
C .

S g

Anti-PD-1/PD-L1 inhibitor
Biomarker

Combination or CAR T cell therapy
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