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History of Cancer Immunotherapy
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Cancer Immunity Cycle
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Three phase of cancer immuno-editing
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T cell activation and immune checkpoint




Target

PD-1

PD-L1

CTLA-4

Immune Checkpoint nhibitors

Antibody

Nivolumab

Pembrolizumab

Durvalumab

Atezolizumab

Avelumab

Iplimumab

Tremelimumab

Molecule

Fully human IgG4

Humanized IgG4

Engineered human IgG1

Engineered human IgG1

Fully human IgG1

fully human IgG1k

Fully human 1gG2

Company

ONO/ Bristol-Myers Squibb

MSD

Astrazeneca

Genentech

Merk/Pfizer

BMS

Astrazeneca



Cancer Immunotherapy




Case 1

* M/68

* RULobectomy sq. cell ca. pT2aN1 18.12/10. SP263/22C3 (60%/50%)
—> adj. taxol-carboplatin 19.1/22-3/20




Case 1

e Recur 19. 4/30

-

—

10 &m




o r . M/68, PS 2
Ca SE 1 E'l_ |-7:” X| E L ? RULobectomy sq. cell ca. SP263/22C3 (60%/50%)

Adj. taxol-carbo 19.1/22-3/20
Recur 19.4/30

1) 41t 2H&

2) Platinum based doublet treatment
3) Single cytotoxic chemotherapy (docetaxel, gemcitabine etc.)
4) Single 10 (pembrolizumab, nivolumab, atezolizumab)

5) 10 + Cytotoxic chemotherapy



Nivolumab

ORIGINAL ARTICLE ORIGINAL ARTICLE

Phase lll study ( CheckMate 017) Phase Il study( CheckMate 057)
Nivolumab versus Docetaxel in Advanced
Squamous-Cell Non—-Small-Cell Lung Cancer

Nivolumab va 1s Docetaxel in Advanced
None~ n—-Small-Cell Lung Cancer

Julie Brahmer, M.D., Karen L. Reckamp, M.D., Paul Baas, M.D.,
Lucio Crind, M.D., Wilfried E.E. Eberhardt, M.D., Elena Poddubskaya M ~
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ORIGINAL ARTICLE

Pembrolizumab for the Treatment
of Non—-Small-Cell Lung Cancer

Edward B. Garon, M.D., Maiyer A. Rizvi, M_D., Rina Hui, M.B., B.5,,
Matasha Leighl, M.D., Ani 5. Balmanoukian, M.D., Joseph Paul Eder, M.D.,
Amita Patnaik, M.D., Charu Aggarwal, M.D., Matthew Gubens, M.D.,

Lecra Horn, M.D., Enric Carcereny, M.D., Myung-Ju Ahn, M.D.,
Enriqueta Felip, M.D., Jong-Seck Lee, M.D., Matthew D. Hellmann, M.D.,
Omid Hamid, M.D., Jonathan W. Goldman, M.D., Jean-Charles Soria, M.D.,
Marisa Dolled-Filhart, Ph.D., Ruth Z. Rutledge, M.B.A., Jin Zhang, Ph.D.,
Jared K. Lunceford, Ph.D., Reshma Rangwala, M.D., Gregory M. Lubiniecki, M.D.,
Charlotte Roach, B.S., Kenneth Emancipator, M.D.,

and Leena Gandhi, M.D., for the KEYNOTE-001 Investio-*
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Target  Drug name =0 10 A| MEoIH™ 7|=
PD-1 Nivolumab 2017 88 - PD-L1¥d &
IHC 28-8 pharmDx/VENTANA PD-L1(SP263)(= 10%)
And

- O|H HZ=7|dt 3lst B0 A 1Tt stage ITIB Of &}
Pembrolizumab 201735 82 « PD-L1 2t5d QF A

« O™ ez 7|8t 215t B0 Aot stage ITIB O| &
PD-L1 Atezolizumab 20194 78
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anti—-PD-L1 antibody clone 22C3

Immunotherapy IHC assay FDA Dx. status

28-8(Dako),

Nivolumab 5P263(Ventana) Complementary
. 22C3(Dako), .
Pembrolizumab SP263(Ventana) Companion
Atezolizumab SP142(Ventana) Complenentary
L \'_A’e*ﬁ a Durvalumab SP263(Ventana) Unknown

. JSoa

less than 1% 1to49% at least 50%

PD-Li Expression in Non—Small-Cell Lung Cancers



o r . M/68, PS 2
Ca SE 1 E'l_ |-7:” X| E L ? RULobectomy sq. cell ca. SP263/22C3 (60%/50%)

Adj. taxol-carbo 19.1/22-3/20
Recur 19.4/30

1) 41t 2H&

2) Platinum based doublet treatment
3) Single cytotoxic chemotherapy (docetaxel, gemcitabine etc.)
4) Single 10 (pembrolizumab, nivolumab, atezolizumab)

5) 10 + Cytotoxic chemotherapy



Case 2

* M/75 PS 1~2
 Adenocarcinoma RUL T3N3M1a, pleura




m/75, PS 1~2
Adenocarcinoma. RUL T3N3M1a, pleura




m/75, PS 1~2

- - l_ Y/

Case 2 . &! IE_l o|_|- X‘ Et? Adenocarcinoma. RULT3N3M1a, pleura
SP263(>90%), SP142(tu 20%/immune 3%)

1) d1f #&
2) Pemetrexed + cisplatin
3) Single cytotoxic chemotherapy (gemcitabine, vinorelbine etc.)

4) 10 (Pembrolizumab)

5) 10 + Cytotoxic chemotherapy



Pembrolizumab



Case 3

* M/59
* sq. cell ca. LLL T3N2M13, pleura




m/59, PS 1
Squamous. T3N2M1a, pleura.




X‘l I-l_CI)_ i m/59, PS1
CaSe 3 1= l—l- X‘ = =7 Squamous. T3N2M1a, pleura. 22C3 1%

1) dif2H
2) Platinum based doublet treatment
3) 10 (Pembrolizumab)

4) 10 + 10 (durvalumab + tremelimumab)

5) 10 + Cytotoxic chemotherapy



m/59, PS 1
Squamous. T3N2M1a, pleura. 22C3 1%

Pembrolizumab + taxol + carboplatin



Updated Analysis of KEYNOTE-024-:
Pembrolizumab Versus Platinum-Based
Chemotherapy for Advanced Non-Small-Cell
Lung Cancer With PD-L1 Tumor Proportion Score
of 50% or Greater

Key Eligibility_Criteria Pembrolizumab
» Untreated stage IV NSCLC 200mg IV Q3W
* PD-L1 TP§250%
* ECOG PS04

* No activating EGFR mutation or
ALKtranslocation

* No untreated brain metag*-

* No active autoimmune di
requiring systemic therap

JCO 2019 Jul KEYNOTE-024

Progression-free Survival (%)

0S (%)

Pembrolizumab (TPS = 50%)

Hazard ratio for disease progression or death,
0.50 {95%6 CI, 0.37—-0.68)
P<0.001

20+
F0—
o Median PFS 10.3M
50
4101 Pembrolizuma b
304
20 GM
10 Ly Chemotherapy
L T T T T T 1
(4] 3 [ Q 12 15 18
Month
Mo. of Events  HR {95% Cl}

703

54.8 Pembrolizumab 73

40'3 Chematherapy 95 0.63 (0.47 to 0.86)
100 4 :' Crossover-a djusted

chemotherapy 96 0.49 {D.34 to 0.69)

380 4
80 1
704
60 4

Median 05 {months) (35% CI)

MEdian OS 30M 30.0 112.2 to NR)

14.2 (3.8 to 19.0)
87(7.31t0 11.5)

40 4
30 4
204
10 A

3 B 9 12 15 18 21 24 27 30 33
Time (months)



e NEW ENGLAND JOURNAL of MEDICINE

ORIGINAL ARTICLE Pembro + taxol + carboplatin

Progression-free Survival
100+

Hazard ratio for disease progression or death, 0.56 (95% Cl, 0.45=0.70)

Pembrolizumab plus Chemotherapy 0 r<000
for Squamous Non—-Small-Cell Lung Cancer o

Median PFS 6.4M

ession or Death (%6)

Pembrolizumab 200 mg Q3W +
Key Eligibility Criteria Carboplatin AUC 6 Q3W + Pembrolizumab . o
Untreated stage IV NSCLC Paclitaxel 200 mg/m? Q3W OR 200 mg Q3W Pembrolizumab combination

with squamous histology nab-Paclitaxel 100 mg/m? Q1W for up to 31 cvg o
+ ECOGPSOor1 for 4 cycles (each 3 wk) : Placebo combination
* Provision of a sample for

PD-L1 assessment — —T — —

« No symptomatic brain Placebo (normal = 18 2
metastases '

* No pneumonitis requiring
systemic steroids

— Median OS 15.9M
Stratification Factors E
* PD-L1 expression End points ‘§ ™
igamrbabecils: « Primary: PFS (RECIST v1 £ 60- : -
« Choice of taxane ry: . & Pembrelizumab eembination
(paclitaxel vs nab-paclitaxel) * Secondary: ORR and DOR o 50-
+ Geographic region BICR), safety = 1 3 2M
{east Asia vs rest of world) E 404
£ 30- | —
= Placebo combination
a 204
Hazard ratio for death, 0.64 [95% CI, 0.49=0.85)
109 penoo1
U I I I T I I 1
0 3 ] 9 12 15 13 21

NEJM 2018 Nov KEYNOTE-407 Months



The NEW ENGLAND JOURNAL of MEDICINE

Pembro + pemetrexed + platinum

ORIGINAL ARTICLE A Progression-free Survival

Hazard ratio for disease progression or death, 0.52 (95% Cl, 0.43-0.64)
i P<0.001

Pembrolizumab plus Chemotherapy

in Metastatic Non—-Small-Cell Lung Cancer Median PFS 8.8M

Yo e ' Pembrolizumab combination
ey ElgIity"Criteria Pembrolizumab 200 mg +
* Untreated stage IV Pemetrexed 500 mg/m? +
nonsquamous NSCLC Carboplatin AUC 5§ OR
Cisplatin 76 mglg

0
ALK alteration Placebo combination
* ECOGPSOor1 ' 0 3 6 5 12 15 13 P}

* Provision of a sample for
PD-L1 assessment

* No symptomatic brain

‘ Jse Progression or Death (%)
8 8 & 8
1 L L 1

D

o)

* No sensitizing EGFR or

metastases a0
* No pneumonitis requiring 20
systemic steroids .
X 704 Pembrolizumab combination
Stratification Factors 3
« PD-L1 expression T 0
(TPS* <1% vs 21%) a 5o
+ Platinum 2
(cisplatin vs carboplatin) Pembrolizumab E 40- Dlaet ew—"
- dacebo combination
+ Smoking history 200 mg Q3W £
(never vs former/current) for up to 35 cycles '% 304
o
20+
104 Hazard ratio for death, 0.49 (95% Cl, 0.38-0.64)
P<0.001
c T T T T T T 1
0 3 6 9 12 15 18 21
Months
No. at Risk
- Pembrolizumab combination 410 377 347 273 163 7l 18 0
ay

Placebo combination 206 183 149 104 59 25 3 0



The NEW ENGLAND JOURNAL of MEDICINE

ORIGINAL ARTICLE

Atezolizumab for First-Line Treatment
of Metastatic Nonsquamous NSCLC

Maintenance therapy
(no crossover permitted)

Arm A
Stage IV or- Atezolizumabb +
recurrent metastatic non- S
squamous NSCLC
Chemotherapy-naivea

Tumour tissue available
for biomarker testing
Any PD-L1 IHC status

Stratification factors:
Sex
PD-L1 IHC expression

Atezo
Carboplati

WES

veated with

: bevacizumab
L Liver metastases Carboplatinc » W2 abe until PD by
K N = 1202 J i RECIST v1.1

NEJM 2018 Jun IMPOWER-150

Atezo + taxol + carbo + bevacizumab

A Kaplan-Meier Estimates of Progression-free Survival

100+ Rate of Progression-free Survival
904 At6 mo At12mo

& ABCP  66.9% (95% CI, 61.9-71.8)  36.5% (95% C, 31.2-41.9)
3 80 BCP  56.1% (35%Cl, 50.7-61.5)  18.0% (95% Cl, 13.4-22.6)
= 70+ o Stratified hazard ratio, 0.62 (95% Cl, 0.52-0.74)
3 60 Median in the ABCP group, P<0.001
g 5 8.3 mo (95% Cl, 7.7-9.8)
£ o | Median PFS 8.3M
2

T T T T T T T T T T T T T T T T T T T T T 1
9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 325 26 27 28 29 30
Months

51124 111 87 77 S8 55 42 39 27 24 16 12 4 3 2 2 12
1 69 5539 32 21 18 12 9 7 & 3 2 1 1

Rate of Overall Survival
At12 mo At 24 mo
ABCP 67.3% (95%6 Cl, 62.4-72.2)  43.4% (95% Cl, 36.9-49.9)
BCP  60.6%6 (95% Cl, 55.3—65.9) 33.7% (95% Cl, 27.4-40.0)
—_ Stratified hazard ratio, 0.78 (95% CI, 0.64—0.96)
® P=0.02
= .
z Median OS 19.2M
=
5 y e S
3 : -
@ [ h i TN
a i ; MRS . _
304 ! ! g SV,
! I BCP
20+ : :
i |
[ |
104 Median in the BCP group, | ! Median in the ABCP group,
14.7 mo (95% Cl, 13.3-16.9) | 119.2 mo (95% Cl, 17.0-23.8)
0 —rrrTrTrTr-Tr-r—T—rr-r——— T T T T T T T T
o 1 2 3 4 5 6 7 & 9% 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25 26 27 28 29 30 31 32 33
Months
No. at Risk
ABCP 359 339 323 323 314 310 296 284 273 264 256 250 235 218 188 167 147 133 119 103 84 66 57 41 34 28 16 9 2 2 2
BCP 337 326 315 308 287 280 268 255 247 233 216 203 196 174 152 129 115 101 87 77 66 56 40 32 29 22 13 6 3 1 1 1 1






Case 4.

* F/74
e adenoca. RML/RUL T2bN3MO, EGFR/ALK (-/-)
* SP263/142 (100/10%)




Case 4.

CCRT(Taxol-Carbo) 18.7/13~9/19, 60Gy - PR




. F/74
Case 4. S IE'l ol X‘ EE? adenoca. T2bN3MO, SP263/142 (100/10%)
CCRT (taxol-carbo)

1) Z3f 2Eh
2) &Y 2N £ consolidation chemotherapy

3) 10 (Durvalumab or pembrolizumab or atezolizumab)
4) 10 + 10 (durvalumab + tremelimumab)

5) Surgery



CCRT(Taxol-Carbo) 18.7/13~9/19, 60Gy = Durvalumab EAP (18. 10/24 ~ )




Mo. of Events/

Total No. Median PFS 12-Mo PFS 18-Mo PFS
of Patients (95% Cl) (95% ClI) (95% Cl)
o . ! I 1.0= mo % 3%
Fhe NEW ENGLAND JOURNAL of MEDICINE : Durvalumab  214/476 168 (13.0-18.1) 559 (51.0-60.4) 44.2 (37.7-50.5)
09 Placebo 157/237 5.6 (4.6-7.8) 353 (20.0-41.7)  27.0 (19.9-34.5)
[ ]
£ 08
"
ORIGINAL ARTICLE g 079
= .
£ 06- Median PFS 16.8M
B :
] i '
En 05 " Durvalumab
Overall Survival with Durvalumab £ o4 e i
ﬁ h di - £ [:'3— 5|6|V| E -_H—h-ll- . E
after Chemoradiotherapy in Stage III NSCLC z . 5 o T
E . Stratified hazard ratio for disease progresslion E -
0.1  ordeath, 0.52 (95% CI, 0.42-0.65) i
Two-sided P<0.001 ; |
0.0 T T T i T 1I T T 1
0 3 6 g 12 15 18 21 24 27
+ Unresectable m Il NSCLC Months since Randomization
! f Durvalumab
without progression 10 mo'kg g2w for up to 12 months Mo. of Events/ Median 12-Mo 24-Mo
Mmm mmmmm = rq_q.'lr'!' Tﬂtal Nao. DH'EI‘E." Suruival Dverall Sunrhral Rate O\rerall Sur\'i\'al Rate
(22 cycles) 1-42 days I of Patients (95% C1) {95% CI) (95% CI)
+ 18 years or older post-cCRT N=713 randomised mo % %
yea Durvalumab 183476 NR (34.7-NR) 83.1 (79.4-86.2) 66.3 (61.7-70.4)
+ WHO PS score 0 or 1 2:1 randomisation Placebo 116237 28.7 (22.9-NR) 75.3 [69.2-80.4) 55.6 (48.9-61 8)
- 1.0+ . -
+ "mm archived MT — o ?E;E;F::idh;z-auri;t;u for death, 0.68 (99.73% ClI, 0.47=0.9597)
tumour tissue for PD-L1 y age, sex '
and smoking history — oz Medi OS NR
testing™ e edlan
Placebo 5 077
All-comers population g2w for urﬁ— Ig ;?2 maonths T 06 28 7M Durvalumab
(i.e. irrespective of PD-L1 status) - § 0.5+ :
=]
F Placebo
=
" 03
E 02_
0.1+
0.04—T— T T T T | | T T T T | T T 1
NEJM 2018 DeC PACIFIC o1 3 ] 9 12 15 18 21 24 27 30 33 36 39 42 45

Months since Randomization



Case 5. Neoadjuvant tx. with 10

*m/73
e adenoca. LUL, T3NOMO, SP263 >95%




Case 5. (LULobectomy, pCR) Pathology

| @ zusaze3 519003582
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Case 6.

*m/73
e adenoca. LUL, T1IbN2MO, SP263 70%




Case 6. (RULobectomy, pCR)

*m/73
e adenoca. LUL, T1IbN2MO, SP263 70%

‘I nivolumab-pem-carbo
Jcr




Results 10-10 or 10-chemo

Response Rate

CR PR SD

PD

pPCR



| |
Mever or former light PD-L1 expression®
smoker (< 15 pack-years)* l

I I
l PD-L1 = 50% Any expression of PD-L1
S l |
Molecular test [ |
(ALK/EGFR/ROS1/BRAF) PS 0-1 PS 3-4
PS 0-1 < 70 years and PS 2
| Pembrolizumab or
| | [1. A; MCBS 5] Selected = 70 years and PS 0-2
Positive Negative l

A Pembrolizumab Atezolizumab 4-6 cycles

Follow recommended High TMB + carboplatin/ + carboplatin/ Platinum-based ChT:

(= 10 mutations/Mb) paclitaxel or nab-P (4-6 cycles), Cisplatin/gemcitabine [I, A]
carboplatin/nab-P followed by Cisplatin/docetaxel [1, A]
(4 cycles), followed atezolizumab Cisplatin/paclitaxel [I, A]

4-6 cycles
Carboplatin-based ChT:
< 70 years and PS5 2 [Il, A]
= 70 years and PS 0-2 [1, A]
Single-agent ChT:

Targeted
therapy

treatment in

function of PD-L1
expression level

Gemcitabine, vinorelbine or
docetaxel [l, B]

by pembrolizumab [l, B¢ Cisplatin/vinorelbine [I, A]
[, Al Carboplatin/gemcitabine [, A]
. Carboplatin/docetaxel [1, A]
Carboplatin/paclitaxel [1, A]
Carboplatin/vinorelbine [I, A]
Carboplatin/nab-P [l, B]

Nivolumab/ipilimumab

[, AF

|
Disease progression

PS 0-1 Nivolumab [, A, MCBS 5]

Platinum-based ChT Atezolizumab [1, A; MCBS 5]

Disease progression

(see first-line treatment without 10) Pembrolizumab if PD-L1 = 1% [I, A; MCBS 5]
y Docetaxel [1, B]

Ramucirumab/docetaxel [1, B; MCBS 1]

Afatirillgt[ilr: i{t:._; [:kccés 2] | 2019 ESMO




Stage IV NSCC: Molecular tests negative (ALK/BRAF/EGFR/ROST)

r
PD-L1 = 50%

PD-L1 expression®

-

1
Any expression of PD-L1
1

High TMB

i

PS 0-1 (= 10 mutations/Mb)
Pembrolizumab

I, A; MCBS 5]

Nivolumab/

ipilimumab

0L AP

Disease progression

!

PS 0-1
Platinum-based ChT

(see first-line treatment without 10)

Pembrolizumab/
pemetrexed and
platinum-based
ChT (4 cycles),
followed by
pembrolizumab/
pemetrexed
[I,A; MCBS 4]

Atezolizumab/
pemetrexed and
platinum-based
ChT (4-6 cycles),

followed by
atezolizumab/
pemetrexed [l, B]*

Atezolizumab/
bevacizumab
with carboplatin
and paclitaxel
(4-6 cycles),
followed by
atezolizumab

/bevacizumab

0. AP

ks

4-6 cycles
Platinum-based ChT:
Cisplatin/gemcitabine [l, A]
Cisplatin/docetaxel [l, A
Cisplatin/paclitaxel [I, A
Cisplatin/vinorelbine [l, A}
Carboplatin/gemcitabine [1, A]
Carboplatin/docetaxel [l, A
Carboplatin/paclitaxel [i, A]
Carboplatin/vinorelbine {1, A]
Cisplatin/pemetrexed [Il, A]
Carboplatin/pemetrexed [ll, B]
Carboplatin/nab-P [1, B]
+/- bevacizumab [l, A with carboplatin/
palitaxel, otherwise lll, B]

Partial response or stable disease
v

Maintenance treatment:
Pemetrexed (continuation) [I, A]
Gemcitabine (continuation) [1, B]
Pemetrexed (switch) [l, B}
+/- bevacizumab (if given before)

or
Selected = 70 years and PS 0-2

<70year§andP82 [

4-6 cycles
Carboplatin-based ChT:
<70 years and PS 2 [Il,A]

= 70 years and PS 0-2 [1, A]

Single-agent ChT:
Gemcitabine, vinorelbine,
docetaxel [1, B]
or pemetrexed [lll, B]

Disease progression
L

PS 0-2
\/

Nivolumab [I, A, MCBS 5]
Atezolizumab [l, A; MCBS 5]

Pembrolizumab if PD-L1 > 1% [I, A; MCBS 5]
Docetaxel [l, B]

Pemetrexed [l, B]
Ramucirumab/docetaxel [l, B; MCBS 1]
Nintedanib/docetaxel [II, B]

Erlotinib [II, C]

2019 ESMO



MNational

Comprehensive NCCN GUidEIinEE VErSiﬂn 5.2019 NEENTEE::?:::’HS;‘:P:H?:
NCCN Bl Non-Small Cell Lung Cancer - wontenss
CLINICAL PRETREATMENT EVALUATION INITIAL TREATMENT
ASSESSMENT

* PFTs (if not previously
done

« FDG ]FI’ETJ’CT scan (if N3 negative———— See Initial treatment for stage I-lllA (NSCL-8
not previously done)

« Brain MRI with contrast¥

Stage IlIB » Pathologic confirmation
r of N3 disease by: Definitive concurrent r .
g;l:; ::I?g — | » Mediastinoscopy N3 positive ——| chemoradiation™" E;;:E';m:? W
(T3, N3) » Supraclavicular lymph (category 1) gory (NSCL-15)
: node biopsy
» Thoracoscopy
» Needle biopsy See Treatment for Metastasis
» Mediastinotomy Metastatic disease —»] limited sites (NSCL-13) or
» EUS biopsy distant disease (NSCL-16)

» EBUS biopsy
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