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-immunogenic

Immunogenic vs. Non

Tumors

Formation of
neoantigens
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Immunogenic vs. Non-immunogenic
Tumors

Non-inflamed
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Prognostic value of TILs in different
BC subgroups
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OS probability %

10 yrs OS rate

High-TIL (n=78), 80%
Low-TIL (n=703), 75%
HR 0.77 95% CI1 0.47-1.26
P=0.3
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High-TIL (n=230), 89%
Low-TIL (n=169), 68%
HR 0.44 95% CI1 0.18-1.1
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10 yrs OS rate

High-TIL (n=21), 66%
Low-TIL (n=442), 81%
HR 1.45 95% CI 0.64-3.31
P=0.37
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High-TIL (n=27), 78%

Low-TIL (n=85), 57%

HR 0.46 95% Cl 0.2-1.11

P=0.08
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Predictive value of TILs in
neoadjuvant trials

Combined data from 6 neoadjuvant E—

= intermediate (11-59%)

trials w0 [ High (=60%)
in

PCR (%)
w
(=]

* 31%: low TILs (0-10%)
* 31%: intermediate TILs (11-59%) T e Tomeiseioon g T
* 50%: high TiLs (>60%) i

n/N OR (95%C1) p value
TNBC 333/906 —— 116 (110-122) <0-0001
HER2-positive 519/1379 —— 1.13(1.08-1.18) <0-0001
( <O 00 1 ) Luminal-HER2-negative 142/1366 —e—  131(123141)  <0.0001
p . All tumou rs 1014/3771 - 121(117-124)  <0.0001
C
TNRC 318/877 —— 117 (111-1:24) <0-0001
HER2-positive 498/1328 —— 112 (1.06-117) <0-0001
Luminal-HER2-negative 137/1308 —— 127 (118-137) <0-0001
All tumours 953/3531 - 116 (112-120)  <0-0001
I 1
090 1.00 140
«— —
Decreased pCR Increased pCR

Denkert, Lancet Oncology 2018



Predictive value of PDL-1 in
advanced BC trials

Population

Treatment

M.ain finding

Nanda 2016
Keynote-012 (phase Ib)

111 (TN MBC)
PDL1 positive

Pembrolizumab
(ORR)

protein (prototyp
IHC assay: clone

Increased ORR with increasing expression of PDNLL

22C3)
) _ 112 (TN MBC) _
Schmid 2017 (expansion initially limited to PDL1 positive, then | Atezolizumab (ORR) | POtein (IHg:clone | oo ¢ PDLL 2/3 vs PDL1 0/1 17% vs 8%
cohort phase la study) SP142)

opened also to PDL1 negative

Dirix 2017
Javelin (expansion cohort
phase I trial)

168 (MBC)
regardless PDL1 status

Avelumab (ORR)

protein [IHC: clone

TC PDL1: no efficacy trends in subgroups defined by PDY 1 expression in
tumor cells at different thresholds

73-10)

IC PDL1: ORR for PD-L1+ vs PD-L1- 16.7% vs 1.6% in the
22.2% vs 2.6% in TNBC

verall group, and

-

Loi 2017 Keynote 086 (phase
)

193 (TN MBC)
cohort A: regardless PDL1 status
cohort B: PDL1 positive

Pembrolizumab
(ORR)

proteif (IHC: clone

22C3)

No efficacy trends according to PDL1 status

Tolaney 2017 Keynote 150-
Enhance 1 (phase 1b/Il)

106 (TN MBC)
regardless PDL1 status

Pembrolizumab +
eribulin (ORR)

proteiry (IHC: clone
22C3)

No association between response and PDL1 status }

Loi 2018 Panacea
(phase 1b/ll)

58 (HER2+ MBC)
phase Ib: PDL1 positive
phase Il: regardless PDL1 status

Pembrolizumab +
Trastuzumab (ORR)

protein (\HC: clone

22C3)

ORR for PDL1+ vs PDL1-: 15.2% vs 0%
1y-0S for PDL1+ vs PDL1-: 65% vs 12%

Adams 2016; Pohlmann
2018 (phase Ib; 2-years
update)

32 [TN MBC)
regardless PDL1 status

Atezolizumab +
nab-paclitaxel(ORR)

protein (IHC\clone
SP142)

s 33%
r PDL1

ORR for PDL1+ (PDLL 1/2/3) vs PDL1- (PDL1 0); 42
Secondary endpoints: longer PFS and OS with hig

Schmid 2018 Impassion130
(phase IlI)

902 (mTNBC)
regardless PDL1 status (PDL1 status
was a stratification factor)

nab-paclitaxel +
atezolizumab

/placebo (PFS, OS)

protein (IHC: clo&

SP142)

PFS for PDL1+ in control vs experimental arpf: 7.5 vs 5.0 months
S for PDL1+ in control vs experimental 3fm: 55 vs 15.5 months

Miglietta The Oncologist 2019 —in press



PDL-1in Breast Cancer:
not a ideal Biomarker?

biologic implications and associations of PD-L1
expression,

dynamic changes in expression,

heterogeneity in expression on tumor cells and on
immune cells,

prognostic and/or predictive implications



I-SPY 2 TRIAL: Pembro 4 Arm Schema

Adaptive 60 mg/m2
Randoar:lutlon Paclitaxel + Pembro Cyclophosphamide

<2XImMmO>XCw

12 weeks 8-12 weeks

Control Experimental

Paclitaxel 80 mg/m2 every wk x Paclitaxel 80 mg/m2 every wk x 12
12 Pembro 200 mg every 3 wks x 4




I-SPY 2 TRIAL: Estimated pCR Rate

Estimated pCR Rate Probability Predictive

Signature (95% Probability Interval) ' Pembro Probability of
Pembro Control Superiorto | Success in
Control Phase 3

HER2- 0.44 0.17 >0.999 0.985
(0.33-0.55) (0.11-0.23)

HR-HER2- 0.60 0.22 >0.999 0.996
| (0.44 -0.75) (0.13 -0.30)

HR+HER2- 0.30 0.13 0.996 0.834

(0.17-0.43)  (0.07 - 0.19)

The Bayesian model estimated pCR rates appropriately adjust to characteristics of the I-SPY 2 population,
The raw pCR rates (not shown) ar higher than the model estimate of 0.604 in TNBC. Nanda, ASCO, 2017



KEYNOTE-173: Pembro + CT as
Neoadj Trial for TNBC:

= Multicohort, open-label phase Ib study
Cycle 1 Cycle 5 Cycle 9

Adult women / Cohort B Pembro + Nab-P 100 mg/m? + Carboplatin AUC 6 D1 Pembro + AC
' with untreated, /
E'OCBNY advanced Cohort C Pembro + Nab-P 125 mg/m? + Carboplatin AUC 5 D1 Pembro + AC
TNBC; ECOG PS <
0/1; adequate \ CohortD Pembro + Nab-P 125 mg/m? + Carboplatin AUC 2 D1, 8,15 | Pembro + AC
organ functio
TEa IunCEon \ Cohort E

(N =60)
Cohort F Pembro + Paclitaxel 80 mg/m? + Carboplatin AUC 2D1, 8,15] Pembro + AC

AIItx given IV. Cyclophosphamide: 600 mg/m? Q3W. Doxorubicin: 60 mg/m? Q3W. Nab-P, Pac: Days 1, 8, 15 Q3W. Pembro: 200 mg Day 1 in cycle 1,
then Q3W. Definitive surgery per local standards and tissue collection for pCR 3-6 wks following completion of necadjuvant therapy.

= Primary endpoint: safety/tolerability

= Secondary endpoints including: pCR rate, ORR, EFS, OS




KEYNOTE-173: Efficacy

nab 125/no carbo
nab 100/carbo AUC 6
nab 125/carbo AUC 5
nab 100/carbo AUC 2
pac 80/carbo AUC5
pac 80/carbo AUC 2

*Met threshold for RP2D

Schmid et al, PD5-01, SABCS 2018
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KEYNOTE-173: Adverse Events

100% of patients experienced
treatment-related AEs

— Grade 2 3 events reported in
90%

— Led to pembrolizumab
discontinuation in 18%

30% of patients experienced
immune-related AEs

Treatment-Related AEs, %

Any
Grade 2 3
= Neutropenia
* Febrile neutropenia
* Anemia
* Thrombocytopenia
Immune-related
* Hypothyroidism
* Hyperthyroidism

All Patients
(N =60)

100
90
73
22
20

30



GeparNUEVO Study Design

Window of opportunity
until amendment

1

N=174

*Tissue: FFPE, fresh frozen;

Durvalumab
TNBC
Stratum: i
TiLs
(low/med/high) Placebo

Durvalumab (0.75g)

Liguid biopsies: full blood; plasma, serum 1.5g d1g28

mesereo . 2018 ASCO

ANNUAL MEETING

#ASCO18
Siides ore the propesty of the author,
Permission required for reuse.

Asdoiq 8109

Nab-Pac

+Durvalumab

Nab-Pac
+Placebo

nab-Paclitaxel 125mg/m? weekly

PRESENTERBY: SIEYLLE LOIEL, MD

asuodsai [esiul|9

ECx4

+Durvalumab

ECx4
+Placebo

fth It

Epirubicin 90mg/m?;

A1obing

Cyclophosphamide 600mg/m’ d1g14

MAGO-B



Primary endpoint — pCR (ypTO ypNO)

80%
0% P=0.287*
(]
. 53.4%
(8]
- Adjusted** OR 1.53 44.2%
’ [95%Cl 0.82-2.84]
40% p=0.182
30%
20%
10%
0%
Durvalumab Placebo
N=88 N =86 * Continuous carrected y* test
** For stratification factor {TIL groups)
eresenteoar: 2018 ASCO #ASCO18 PRESENTEDBY: SIEYLLE LOIEL, VD B3 AGO'B

Sides are the property of the author, AREAST STL DY GAGU®

ANNUAL MEETING pevmission required for seuse,



Subgroup analysis of the window

Window (N=117)

cohort

No window (N=57)

80% 80%
61.0% P=0.052 P=0.515
70% 70%
60% 60% 0
) 41.4% ) 37.9%
50% 50%
40% 40%
30% 30%
20% 20%
10% 10%
0% 0%
Durvalumab Placebo Durvalumab Placebo
N=59 N=58 N=29 N=28
#ASCO18

PRESENTED AT: 2018 ASCO.

ANNUAL MEETING

Stifes ore the propesty of the author,
Prrmisien required for reuse.

PRESENTEDBY SIEYLLE LOIEL, VD

MAGO-B

DALAST STUDY e



Immune Related Toxicities
(Any Grade)

Hepatotoxicity 7(7.6) 6(7.3) 13(7.5)
Dermatitis 13 (14.1) 12 (14.6) 25 (14.4)
Hypophysitis 10101) 0(0.0) 1(0.6)
Pneumonitis 1(1.1) 1(1.2) 2(1.1)
Hypothyroidism 6(6.5) 2(2.4) 8(4.6)
Hyperthyroidism 7(7.6) 0(0.0) 7(4.0)
Neuropathy 5(5.4) 7( 8.5) 12 (6.9)
Neuropathy, high grade 3(3.3) 4(4.9) 7(4.0)

*safety population differs because 4 patients received durvalumab instead of placebo at least once

ereseneo 4. 2018 ASCO F#ASCOT8 PRESENTED'BY! SIEYLLE LOIEL, MD

ore the property of the author,
required for reuse.

ANNUAL MEETING  pevmisin




TILs and PDL-1 in GeparNUEVO

B increased pCR rate
Durvalumab-arm OR 95% Cl P-value n
sTILs preTx — 1.23 (1.04-1.6) 0.019 88
iTILs preTx T—— 1.58 (0.85-297)  0.150 86
iTILs post-pre 4 5.15 (1.1-24.05) 0.037 41
Placebo-arm
sTILs preTx -4 1.39 (112-174) 0.003 86
MiLs preTx  —— 0.94 (073-122) 0636 85
iTILs post-pre —4—— 1.19 (065-217) 0581 40
Complete cohort
sTILs preTx % 134 {(1.15-156)  <0.001 174
MiLspreTx  —@— 1.00 (0.81-124) 0978 171
iTILs post-pre —— 1.78 (1.05-3.01) 0.033 81
050 1.00 5.00 50.00
c increased pCR rate OR 95% ClI P-value n(pos) n(neg) n (total)
Durvalumab-arm
PD-Li-TC ——— 263  (1.02-677) 0.045 33 45 78
PD-L1-IC s 4 1.38 (0.40-485) 0627 66 12 78
PD-L1-comb . 2 1.72 (0.43-698) 0.445 69 9 78
Placebo-arm
PD-L1-TC —F——— 159  (0.64-391) 0315 32 48 80
PD-L1-IC & 530  (1.08-26.03) 0.040 68 12 80
PD-L1-comb <% 463  (0.93-2301) 0.061 69 11 80
Complete cohort
PD-L1-TC —_— 203 (1.06-387) 0032 85 93 158
PD-L1-iC e 239  (0.96-597) 0.061 134 24 158
PD-L1-comb 4 278 (1.01-765 0048 138 20 158
050 1.00 5.00

Loibl et al. Ann Oncol 2019



GeparNuevo: Response based on
TMB (Seliger et al, abstract 588)

80% p=0 0067 p—O 0284 p—O 2320

70%
60%
50%

» TMB low

40% .
= TMB high

pCRrate

30%
20%
10%

0%

both arms durvalumab

Median TMB: 1.52 mutations/MB
TMB low: below 66.7% percentile; TMB high: above 66.7% percentile
Top TMB tertile PCR 58% versus low TMB tertile 38%



KEYNOTE 522 — Study design

~§—— Neoadjuvant Phase B < Adjuvant Phase =l
Neoadjuvant Treatment 1 Neoadjuvant Treatment 2 Adjuvant Treatment
(cycles 1-4; 12 weeks) (cycles 5-8; 12 weeks) (cycles 1-9; 27 weeks)

Key Eligibility Criteria Pembrolizumab 200 mg Q3W

* Age 218 years Pembrolizumab 200 mg Q3W
* Newly diagnosed TNBC of

either T1c N1-2 or T2-4 N0-2
» ECOG PS 041
* Tissue sample for PD-L1

a
assessment’ Placebo

Placebo

Stratification Factors:
* Nodal status (+ vs -)
* Tumor size (T1/T2vs T3/T4)

» Carboplatin schedule (QW vs Q3W)




KEYNOTE 522 — Study endpoints

Interims Completed:

v'First IA (IA1) performed
after last subject enrolled;
Data Cutoff: Sep 24, 2018

v'Second IA (IA2) performed
~24 mo after
first subject enrolled;
Data Cutoff: Apr 24, 2019

* |IA1: Primary pCR analysis to test primary hypothesis of pCR based on prespecified first

Pembro Arm vs. Control Arm

Overall alpha controlled at
one-sided 2.5%

IA1: Primary pCR
Analysis
IA2: Final pCR Analysis

- M

Definitive pCR
analysis if positive

IA2: First EFS Interim

* Multiple IAs
* Final Analysis

602 subjects (pre-calculated P value boundary for significance of 0.003)
* |A2: If pCR hypothesis successful at IA1 (thus definitive), pCR will not be formally tested at I1A2
« EFS at IA2 (first interim of EFS): precalculated P value boundary for significance of 0.000051 (HR <0.4)

—_—

Planned Interim
Analyses/Final
Analyses per Group
Sequential Approach

ESMO 2019



Baseline Characteristics

Characteristic, n (%)

All Subjects, N = 1174

Pembro + Chemo

Placebo + Chemo

N =784 N =390

Age, median (range), yrs 49 (22-80) 48 (24-79)
ECOG PS 1 106 (13.5) 49 (12.6)
PD-L1—positive? 656 (83.7) 317 (81.3)
Carboplatin schedule

QW 449 (57.3) 223 (57.2)

Q3W 335 (42.7) 167 (42.8)
Tumor size

T1/T2 580 (74.0) 290 (74 .4)

T3/T4 204 (26.0) 100 (25.6)
Nodal involvement

Positive 405 (51.7) 200 (51.3)

Negative 379 (48.3) 190 (48.7)

ESMO 2019



Pathological Complete Response at Al2

Primary Endpoint

100-

A 13.6 (5.4-21.8)7
P=0.00055

80 A |
64.89

260/401
ypTO/Tis ypNO

Pembro + Chemo
Placebo + Chemo

pCR, % (95% Cl)

1004

(o]
o
1

()]
o
1

1SN
o

N
o
L

0

Secondary Endpoints: Other pCR Definitions

A 14.5 (6.2-22.7)*

|
59.9%

ypTO ypNO

A 14.8 (6.8-23.0)°

I
68.6%

ypTO/Tis

ESMO 2019



EFS, %

Event free survival at Al2

| 91.3%
100+ — | 85.3%

o M
80- §
70- :

: HR
60~ ; Events (959, ci)
50- ' Pembro + Chemo/Pembro 7.4% 0.63°
404 . Placebo + Chemo/Placebo 11.8% (0.43-0.93)
30+ §
20- §
10 §
0 S —

0 3 6 9 12 15 18 21 24 27
No. at Risk Months

784 780 765 666 519 376 242 73 2 0

390 386 380 337 264 186 116 35 1 0

ESMO 2019



100+

80 -

Incidence, %

20 A

»
o
1

oy
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1

Treatment related AEs
in Neoadjuvant Phase

Pembro + Placebo +

Chemo Chemo 1_(;”";5
All Treatment-Related (N =781) (N = 389)
Pembro + Chemo [} |
Any grade 99.0% 99.7% .
Placebo + Chemo [}
Grade 3-5 76.8% 72.2%
Led to death 0.3%?2 0.3%°
627 - Led to discontinuation 23.3% 12.3%
| RS 551563 of any drug
46'7,,4'0
B | X
m = :;3,
294 288
> 0 > @
& 9 & S
N o v <~°Q°
&

2
Treatment-Related AEs With Incidence 220% ¢

ESMO 2019



Treatment related AEs
in Adjuvant Phase

Pembro Placebo 1_‘;’3"3”_5
1 All Treatment-Related (N =547) (N =314) R e
Any grade 48.1% 43.0% Placebo [ 1D
80 1 Grade 3-5 5.7% 1.9% -
Led to death 0.2%2 0
= 60 Led to discontinuation 3.3% 1.3%
§
S
S 40 -
20 -
& 22 16 2213

N 5 & ¢ \ S X :
O IR & © & $ & & S &
¥ e K N
< & 3

ESMO 2019



Immune mediated AEs
In Combined Phase

100- Pembro Arm Placebo Arm
(N=781) (N = 389) 1‘;“";5
Any grade 42.3% 21.3% PembroArm [ B
ki Grade 3-5 14.1% 2.1% Placsboam [ W
Led to death 0.1%* 0

R . . .
s 90 Led to discontinuation 9.5% 2.6%
Q of any drug
-
R

201 &1 149

116
57 55 51
0 A 2 LI e LR MO  TRAC_ BYES
& & « < & N ¥ N P NG
@C‘Po & \0%\'\\0& & &Q.’é\d @0(\\ < e \°\6\ @Q&\
& $ RO $ vy S R S &
S & P @ & RSP N >
& K S N
& &

Immune-Mediated AEs and Infusion Reactions With Incidence 210 Patients

ESMO 2019



Phase Ill anti PD-1/PDL-1 neoadjuvant
TNBC Trials

Trial Trial Description Primary Date Open
Endpoint(s) | (Study End)

IMpassion031 5‘3‘;: Recruiting Jul 2017
Treatment Arms: (Sept 2021)

1) Atezolizumab+nab-
paclitaxel=>Atezo+ddAC=> Surgery=>Atezox1yrs
2) Placebo+nab-paclitaxel->placebo+ddAC>Surgery

KeyNote-522 ;‘:I:;;"e““‘““ﬂ pCR Mar 2017
Treatment Arms: EFS (Mar 2025)
1) Pembrolizumab+paclitaxel+carbo=>Pembro+AC>Surgery>P
embro x9 cycles
2) Placebo+paclitaxel+carbo—>placebo+AC->Surgery=>placebo
NeoTRIP :‘:;“7;‘ Closed EFS Apr 2016
Treatment Arms: (Oct 2022)

1) Atezolizumab+nab-paclitaxel+carbo=>Surgery=>EC/AC
2) nab-paclitaxel+carbo=>Surgery>EC/AC

NSABP B-59 ;‘:}:‘zo“‘m pCR Dec 2017
GeparDouze  Treatment Arms: EFS (Jun 2024)

1) paclitaxel+carbo+placebo=>AC>Surgery->placeboxlyrs
2) paclitaxel+carbo+Atezolizumab->AC>Surgery>Atezox1lyrs



Future Perspective

(HIGH RISK PRIMARY TNBC PTS\ -
WHO COMPLETED
TREATMENT WITH CURATIVE
INTENT INCLUDING SURGERY,
CHEMOTHERAPY AND
RADIOTHERAPY (if indicated)

Stratum A: Adjuvant Observation

kStratum B: Post-neoadjuvant

R

Avelumab
Randomization 1:1 balanced for for1l year
adjuvant and post-neoadjuvant
patients.

Co-primary endpoints: 1. DFS in all-comers; 2. DFS in
PD-L1+ patients
Secondary endpoints: OS, Safety, Biomarkers

n=335 (for the 1% co-primary endpoint)

A-BRAYE-TRIAL



Chemotherapy: Pleiotropic stimulatory effects on the
Immune system

Increase in antigen presentation/
.T cell function & ‘ ; . crossprese.ntation. via dendritic. cells; MHC
Th1 polarization et (7'} v | upregulation; epitope spreading

.
.
.
.

ey A
e
= '.\, . :.. : .-

- - 4 -

5 Chemo- —m™ % L8

L
tumor-antigen release/

presentation; danger signal
release; immunogenic cell

therapy

1

Proinflammatory

cytokines - ; N death
7
V- 4 +’ Treg &
IL-2 MSDC

depletion




Refining immunotherapy strategies:
which is the best CT partner?

_ Effect on immune system

Taxanes

Doxorubicin

Cyclophosphamide

Gemcitabine

Oxaliplatin

Enhances T cell and NK cell function
Increases recruitment of TIL
Increase efficacy of immuno-stimulatory agents

Induces immunogenic cell death
Increases proliferation of CD8 T cells
Stimulates antigen presentation by DCs
Stimulates MCP1 and M6PR

Induces immunogenic cell death
Suppresses Treg inhibitory functions and restores the proliferative capacity of
effector T cells and NK cell cytotoxicity

Reduces the number of myeloid suppressor cells
Increases the antitumor activity of CD8(+) T cells and activated NK cells

Induces immunogenic cell death
Increases MHC | complex
Inhibits PD-L2

Kono et al. Cell Death and Disease 2013



Immunotherapy in (neo)-adj Breast
Cancer

* Isthere arole forimproving response to immune checkpoint
inhibitors by selecting the best chemotherapeutic partner?

* Need for better biomarkers and for an understanding of their
relationship to one another

* Re-thinking targeted therapies in combination with immune
checkpoint inhibitors

* Need for selection of adequate endpoints for future clinical trials
testing immunotherapy in TNBC.
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