Tutela Ricerca e Sviluppo per la Salute

Nuovi paradigmi per lo sviluppo del
farmaco in oncologia

Federica Cuppone

26/09/18

LA PERSONALIZZAZIONE
DEL PERCORSO DI CURA:

SANITA DIGITALE E CREMONA
MULTIDISCIPLINARIETA o o ERA DI COMMERCIO

NELLA GESTIONE DELLA
PATOLOGIA ONCOLOGICA
FEMMINILE




QA

Tutela Ricerca e Sviluppo per la Salute

Dichiarazione di trasparenza/interessi*
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What Physicians want to see! ‘The Ideal’ Curve

Cured Patients New Targeted,
No Toxicity
Low Cost

OVERALL
SURVIVAL

Old Chemo, Toxic,
Costly

Patients affected by [X-tumor] with [Y] signature
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Physicians want to impact on Disease Natural History!

Biomarker-Driven
Oncology <2018

TARGET ‘wel/l’ defined.:
e« NSCLC

— EGFR sensitizing mutations for EGFR-TKIs

— EML4-ALK traslocation for Crizotinib (&
Ceritinib, Alectinib...)

 Breast

— HER-2 overexpression for Trastuzumab (&
Pertuzumab, TDM1...)

 GIST (85% carry c-KIT mutation...)
— Imatinib (& Sunitinib, Regorafenib)
e Melanoma

— B-RAF mutation for Vemurafenib (&
Dabrafenib....) and doublets

TARGET ‘approximately’ defined:
e RCC
— Angiogenesis for Targeted Agents
* PD-L1 (>50%b0 positivity) - NSCLC
— ‘Un-lock’ Immune Response
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NEJM (‘90s): The ‘“Two-Fingers’ Rule

Clinically Data should be considered Meaningful if ‘at least’ two
fingers separates curves!
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Why Cancer Research needs ‘to evolve’

Percentage of patients for whom drugs are
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Evolution of anticancer treatment during the years

Er a 0’:- responds to
app/I cation a normal dose
Locoregional 1940 - 50
treatments responds to
lower dose
Chemotherapeutic a -'
- based systemic 1960 - 80

responds fo

treatments @ * higher dose

Targeted
treatments Latest 6-7 years

responds to

SELECTION 0 , altemative medication
Modificato da Tortora GP &Schilsky RL. Nature Rev. Drug Discovery 9, 363-866, 2010

Genomic-based

treatments Going to start
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How Biomarkers entered the clinic?

« EGFR mutations
— Time to ‘Drug discovery’ to ‘best result’: 10-15 yrs
— Big failure after approval
— The Academy ‘saved’ the Pharma

The sentence ‘Wart a minute: we are wrong!*was pronouced after the drug enter the
market!
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100+ P<0.001 by stratified log-rank test
EG FR TK I S Befo re the Hazard ratio, 0.70 {85% Cl, 0.58—0.85)
Predictor Phase 111
F 2005
(EGFR mutation) 2
§ 40
204 Placebe .~ Erlotinib
Phase 111 . R W
2005 0 6 12 18 24
L Median
100 4'1'-—-. Eventa /N In Mantha Months
m—Gefitinih  71/118  23(17,29) .
80 - Placsha  54/125  35(25,40) Small benefit
60 1-0— —— Gefitinib
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404 o 0B 2005
€ o6
20 %
P= 013 E_ 24
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0 12 24 36 438 a0 -2 —
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IPASS trial: Gefitinib vs. Carbo-Paclitaxel, Clinically Enriched

Population
o ) _ 1.0 Hazard ratio, 0.48 (95% Cl, 0.36-0.64)
e ‘Clinically Enriched Population (non-smokers, adeno) P<0.001
e 55% of patients with tissue available: EGFR mutant 0.8+ Events: gefitinib, 97 (73.5%); carboplatin
plus paclitaxel, 111 (86.09)
0.6
o LO- Hazard ratio, 0.74 (95% CI, 0.65-0.85) EGFR Mutant
S P<0.001 0.4
c _ Events: gefitinib, 453 (74.49%); carboplatin Carboplati o
2 0.8 plus paclitaxel, 497 (81.7%) 0.2 arpcl)lfsa " Gefitinib
] paclitaxel
mwm 0.6+
§° = 0.0 T T T T T |
o £ 0 4 8 12 16 20 24
owm 0.4
= Carboplatin Significant Qualitative Interaction accoding to EGFR
R plus Gefitinib
3 paclitaxel 1.0 Hazard ratio, 2.85 (959% Cl, 2.05—-3.98)
o P<0.001
0.0 l l ! ! ! ! Events: gefitinib, 88 (96.79¢); carboplatin
0 4 8 12 16 20 24 0-8- plus paclitaxel, 70 (82.49¢)
Months since Randomization 0.6
No. at Risk ' EGFR Wild-
Gefitinib 609 363 212 76 24 5 0 0.4 Type
Carboplatin plus 608 412 118 22 3 1 0 .
aclitaxel 0.2 Carboplatin plus
P <7 paclitaxel
0.0 Gefitinib
1 1 | - T T T T T 1
The EGFR mutation makes the difference! s J z 5 e 2o 24

Mok t et al, NEJM 2009
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EGFR Mutant: TKIs vs. Chemo

Gefitinib
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ORR [TKls vs. Chemo]

715
[66.6-76.3] 67.0

(60.3-73.7]

335

38.0
[32.7-43.3)

241
[17.8-30.4)

68.1
(63.7-72.5)

>45.3

22.8
[17.4-28.1)
-

Gefitinib Erlotinib

Afatinib

Pifotfo S, CROH 2014
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Time of Biomarker Discovery: EGFR mutation

Traditional Drug Development
according to Phases and Aims

Phase 1

. Phase 2

» Phase 3

» Phase 4

Preclinical

Safety
Activity

Efficacy

Effectiveness
Other

EGFR Mutation
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How Biomarkers entered the clinic?

« EML4-ALK traslocation
— Time to ‘Drug discovery’ to ‘best result’: 5-7 yrs
— ‘Change-the-target’ early
— Newest upcoming drugs have similar efficacy

The sentence 'Wait a minute: we are wrong!" was pronouced DURING the
early phases!
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ALK-signaling and De-addiction in NSCLC: Early Phases

ALK fusions

ALCL: NPM-ALK, ALO17-ALK, TFG-ALK, MSN-ALK, TPM3-ALK,
TPM4-ALK, ATIC-ALK, MYH9-ALK, CLTC-ALK, TRAF1-ALK
NSCLC: EML4- ALK, KIF5B- ALK, TFG- ALK, KLC1- ALK,
PTPN3-ALK, HIP1-ALK, TPR-ALK, STRN-ALK

IMT: TPM3-ALK, TPM4-ALK, CLTC-ALK, ATIC-ALK, SEC31A- ALK,

RANBP2-ALK, PPFIBP1-ALK, CARS-ALK

DLBCL: NPM-ALK, CLTC-ALK, SQSTM1-ALK, SEC31A-ALK
Others: ESCC: TPM4-ALK; RMC/RCC: VCL-ALK, TPM3-ALK,
EML4- ALK; Breast: EML4-ALK; Colon: EML4- ALK; C2orfd4-ALK;
SOC: FN1-ALK; ATC: STRN-ALK, EML4-ALK, GFPT1-ALK,
TFG-ALK

FP' [FP.
ALK gain-of-function

(ligand independent) CF_@D

ALK wild-type
(ligand dependent)

Cell membrane

FP FP ALK fusions

qlm (ligand independent)

v \ 4
dAlk % éﬁ‘;’;%
¥ v

downstream  downstream
signalling signalling

-

SHH-GLI1 p130CAS SRC Jak/STAT  CBL GRlBE CITKL PLC-y P\?K—-MEKKZ‘S

Cyclin D2 FAK SHP2 NIPA
JUN NF-kB  PTPN1 JNK

IRS1 SHC C3G Akt MEKS
| | N 4

FRS2 RAS/  RAP1 mTOR GSK3p Foxo ERKS
MAPK +

Nuc|earmembrane AR AR Y
MYCN, JUNB, C/EBP, BCL-2A1, MMP9, INK4A, HIF1-2c., VEGF

AN

Hallberg B & Palmer RH, Ann Oncol 2016

CRIZOTINIB (PROFILE 1001):
Rationale of ALK/MET/ROS1 inhibition

PF-02341066

Potent & selective ATP competitive oral
inhibitorof MET and ALK kinases and their
oncogenic variants

Cytoplasmic Fusion
Variants of ALK

NPM-ALK EML4-ALK

Kwak E et al, ASCO 2009
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ALK-De-addiction in NSCLC: Crucial Role of Early phases

Study Dosing and Objectives Tumor Responses to PF-02341066 for NSCLC
Evaluable Patients with ALK Fusions

PF-02341066: Dose Escalation

Tumor Size Change

PF-02341066 dosing schedule:

Continuous oral administration for 28 days per cycle.
A single Day -7 dose was administered to establish PK.

1. Phase | dose escalation Duration of Response (Weeks)

Determine the safety profile of PF-02341066. 0 I
1
I
} 18 20 8+ 12
+

"~
o

Determine the PK profile after oral dosing.

. Recommended Phase 2 Dose Cohort (RP2D)
Enroll patients with MET or ALK activation into a

Molecular Cohort. 8

y y : 49 yo male with EML4-ALK fusion NSCLC 23+ 18+
Focused study on patients with ALK fusion after | ———
observing preliminary evidence of dramatic activity. »

e
o o

baseline
“
-

Determine recommended phase 2 dose (RP2D).
2* 13+ 24 B+ 454

300 mg BID cohort

% of best change from

Green-PR Blue-SD Black-PD

One patient had clinical progression and discontinued without radiographic confirmation

Kwak E et al, ASCO 2009
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Why do we need ALK-TKIs UPFRONT?

PROFILE 1014
[CRIZOTINIB vs. Chemo]

100 Hazard ratio for progression
or death in the crizotinib group,
80 0.45 (95% Cl, 0.35-0.60)
P<0.001 (two-sided stratified log-ranl|
60
40
Crizotinib
20
Chemotherapy
0 | T T | I T

Solomon B et al, NEIJM 2014

[CRIZOTINIB vs. Chemo]

PROFILE 1029

1.0+ Crizoting (p=104)  Chemaotherapy n=103)
Evants, n (%) iT{i) B4 (86

0.8 Madian, menths i 1]
HR (35% CI) 0.40 (028, 0.57)
p-valug’ 400004

0.6+ “i-cided slratfiad |og-rank tesl

(.44

0.24

00 T T T T T 1

0 5 10 15 pli] 25

Lu S et al, ASCO 2016

X

First Line Data vs. Chemo

100 -

ASCEND 4
[CERITINIB vs. Chemo]

Kaplan-Meier median progression- free sursival
Ceritib 16.6 months {15% 0 12.6-27.7)
(hemnctherapy 81 monthe (§5% 0 5.8-111)
HR D55 (95% 0 0.42-073)
pec(-00001 by stratified log-rank test

4
4 - . —-_
# & Censoring timepaints -
—— Ceritirab
—i— (hemotherapy
T TT T T T T T T T T T T T T
0 I 4 6 E 1012 14 16 182032 M % 230 3 %

Soria JC et al, Lancet 2017

UPFRONT ALK-TKIs significantly delay disease progression vs. First-Line
Chemo
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Why do we need a ALK-TKIs SEQUENCE? Retrospective Data from

RCTs

Impact of Subsequent Therapy on OS: ALK TKI vs. Treatment Other Than ALK TKI

100
+ Censored
80 -
S T S
e 0000 5-yrs OS >65%!!!
z
3 3
sof 0 fy
g ey +
O 4 ..H..+.._+ + sadeas e e
20
[] T T T T L] L] T L] T T T T L]
0 ) 10 15 20 25 30 35 40 45 50 b5 60 65
No. at risk Months
=== (rizofinib followed by any ALK TKI 5 57 57 57 50 45 42 40 33 25 16 8 3 1
=== Crizofinib followed by any follow-up therapy 37 36 30 22 19 16 13 9 5 3 2 1 0
other than ALK TKI
—— Chemotherapy followed by any ALK TKI 145 136 123 113 a7 86 79 70 60 43 30 20 10 1
=== Chemotherapy followed by any follow-up 3 2 2 1 1 1 1 1 1 1 1 1 1 0

therapy other than ALK TKI

Mok T et al, ESMO 2017
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Time of Biomarker Discovery: ALK rearrangement

Traditional Drug Development
according to Phases and Aims

Phase 1

. Phase 2

» Phase 3

» Phase 4

Preclinical

Safety
Activity

Efficacy

EML4-ALK Trasl.

Effectiveness
Other
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How Biomarkers entered the clinic? HER2 and T790M

* EGFR mutations
 EML4-ALK traslocation
 HER-2 overexpression, T790M mutation
— Time to ‘Drug discovery’ to ‘best result’: 3-7 yrs

— Strong ‘Rationale’ and ‘Science’ behind from different
Academies & Pharma

— ‘Brave’ Investigators, sinergy with Pharma

The sentence ‘Wait a minute: we are wrong!'was NEVER pronouced
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HERZ2-addicted tumors as a ‘Distinct Prognostic Entity’

1.0

2= 0.8+ 4
23 Mot amplified (n=52) Not amplified (n=52)
=2 0.6 -
i
8T 04 Amplified (n=34) -
af Amplified (n=11)

® 0.2 . =5 copies

A C
T T T T T T 1 T L T T T T |

5 o
|

Not amplified (n=52) Mot amplified (n=52)

_'_B_' 0.8 -
s
- .
E-§ 0.6
2
og 04 1 Amplified (7 =34) ] Amplitied (7 =11)
5 0.2 4 i >5 copies
w B D
0 T T T T T ¥ T T T T T T 1
0 12 24 3% 48 60 T2 84 0 12 24 3 48 60 72 84

Time (months)

Human Breast Cancer: Correlation of
Relapse and Survival with Amplification
of the HER-2/nex Oncogene

Slamon D et al, Science 1998
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Trastuzumab enhances DOXO and Paclitaxel efficacy in HER2-
addicted xenografts

<NYNRTR YN

Strong 8]
Preclinical 21.. H
Evidence _5::
1ll:
g
'-.
‘.
:-
paciitmesl (a) 0 028 08 25 oy 5 - > P4

Recombinant Humanized Anti-HER2 Antibody (Herceptinm) Enhances the
Antitumor Activity of Paclitaxel and Doxorubicin against HER2/neu
Overexpressing Human Breast Cancer Xenografts’

Baselga J et al, Cancer Res 1998
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Trastuzumab improves Survival in HER2 positive Advanced
and Early Breast Cancer

100 Trastuzumab
100 - 04.39; (62 deaths)
Te—— 01/4%
90 1 Control .
80 90— (92 deaths) o1 ,‘.-';:-l_l
- N - ‘
Dramatic 70- .
iNi — 1
CI_InlcaI 60 Chemotherapy plus trastuzumab =0 e
Evidence 1 -
50 . 70
Chemotherapy alone ™ Bay
40 4 .
30- - 60—
20+ P=0.015
Hazard ratio, 0.67
104 50—
all
0 T T | T T T T | | © o 1 2 3 A 5

0 5 0 1% 20 25 30 35 40 45
Years after Randomization

Months after Enrollment

Trastuzumab plus Adjuvant Chemotherapy

for Operable HER2-Positive Breast Cancer

USE OF CHEMOTHERAPY PLUS A MONOCLONAL ANTIBODY AGAINST HER?
FOR METASTATIC BREAST CANCER THAT OVEREXPRESSES HER2

Slamon D et al, NEJM 2001 Robert et al, NEJM 2005
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What if Trastuzumab as Untargeted?

Marker revalence | Treatment | Targeted | Untargeted
Effect (1yr)

HER2+ | 25-30% 469 23.586

ACTUAL HYPOTHETICAL
TARGETED NON-TARGETED
TRIAL TRIAL

HER-X ++ or +++ All patients

50% vs 32% 37% vs 32%

Hesponse rate
P = 0.001 P=027

22% ve 33%0 30% vs 33%
P=0.008 P=045

Slamon et al., C
New Engl. J Mad, 2601 Drug killed !

One-year mortality

Buyse, ASCO 2005
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‘Switching’ the prognosis of Patients resistant to First Line
TKIs carrying the T790M mutation

Chemo/BSC Osimertinib
1.0+
.g 1.0~ 3 -
£ 0.94 P<0.001 g
= 0.8 tg 0.8+
ﬂ 0.7 & 074 T790M-positive
8 0.6 S 06
—— wn
B & 0.5+ o 0.5+
£35 o4 BV g
; 0.3 T790M-negative % i
0.3+ i =
a8 0.2 N > T790M-negative
T790M-posit I =
g_ 01 positive g 0.2
o 0.0 T | T | T | T 1 e 014
0 5 10 15 20 25 30 35 40 % 00 . ' 0 |
Montt 0 3 6 9 12
Month
No. at Risk No. at Risk
T?QDM—neg‘atrlve 16 15 11 7 2 2 2 T790M-positive 138 100 70 14 1
T790M-positive 10 71 0 T790M-negative 62 27 13 3 0

Maheswaran S et al, NEJM 2008

Janne P et al, NEJM 2015
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Osimertinib not only for T790M EGFR mutation at

resistance
No. of Median Progression-free Survival
Patients (95%6 CI)
mo
Osimertinib 279 18.9 (15.2-21.4)
Standard EGFR-TKI 277 10.2 (9.6-11.1)

Hazard ratio for disease progression or death,
0.46 (95% Cl, 0.37-0.57)
P<0.001

Osimertinib

Standard EGFR-TKI

8 1.0+
o

| =

S 0.8
4

o _

BT 0.6-
a e

Sa  04-
z

B 0.24
0

o

a 0.0

No. at Risk

| | T | T |
3 6 9 12 15 18 21 24 27

Month

Osimertinib 279 262 233 210 178 139 71 26 4 0
Standard 277 239 197 152 107 78 37 1o 2 0

EGFR-TKI

Osimertinib
Standard EGFR-TKI

Probability of Progression-free
Survival

No. at Risk

Osimertinib

Standard
EGFR-TKI

—
T

0.8

0.6+

No. of Median Progression-free Survival
Patients (95% CI)
mo
53 15.2 (12.1-21.4)
63 9.6 (7.0-12.4)

Hazard ratio for disease progression or death,
0.47 (95% Cl, 0.30-0.74)
P<0.001

0.4 Osimertinib
0.2
Standard EGFR-TKI
0.0 T T | | | | T I |
0 3 6 9 12 15 18 21 24 27
Month
53 51 40 37 32 22 9 4 1 0
63 57 40 33 24 13 [ 2 1 0

Soria JC et al, NEOM 2017
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Time of Biomarker Discovery: HER2 / T790M

Traditional Drug Development
according to Phases and Aims

Phase 1

. Phase 2

» Phase 3

» Phase 4

Preclinical

HER2 overexpr.
T790M mutation

Safety
Activity

Efficacy

Effectiveness
Other
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Biomarker Driven Clinical Trials

Basket

Test the effect of targeted
agents on same genomic
alterations across a
variety of cancer types

Umbrella

Test the effect of targeted
agents on different
genomic alterations in a

single cancer type
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Why new design ?

» Classical phase 11, and Ill models require enormous resources
» Time to bring a new oncology drug to market 8-12 years

» Cost to bring a new drug to market can exceed $1 billion

» 70% of oncology drugs fail in phase Il

* 59% of oncology drugs fail in phase Il

» Have focused on histology-dependent strategies

» Limited collaboration between sponsors, academia, and funding
sources

« Traditional models not designed to address “niche” agents with very
small populations expected to benefit




Reqgulatory perspectives

*May introduce operational bias.

*May not be able to preserve type I error rate.
* P-values may not be correct.

e Confidence intervals may not be reliable.

*May result in a fotally different trial that is unable to address the
medical questions the original study intended to answer.

o Validity and /ntegrity may be in doubt.

Y=
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Protocol amendments

*Rationale for changes

-Clinical
-Statistical

*Review process

-Internal protocol review
-IRB
-Regulatory agencies
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First FDA Approval Agnostic of Cancer Site

Does oncology change its paradigm? The challenge of agnostic
approval of new therapies.

* In May 23, 2017, the Food and Drug Administration (FDA) approved pembrolizumab, a
programmed death (PD-1) inhibitor, for the treatment of adult and pediatric patients with
unresectable or metastatic, microsatellite-instability—high (MSI-H) or mismatch-repair—
deficient (dMMR) solid tumors, regardless of tumor site or histology.

*The indication statement listed specific prior therapies for MSI-H or dMMR colorectal
cancer on the basis of the patient population studied and in the context of multiple
approved drugs for metastatic colorectal cancer. Rather than requiring separate
development programs for each disease site, this approval was based on biomarkers
irrespective of organ site or histology.

*The FDA granted accelerated approval to pembrolizumab for the MSI-H-dMMR indication,
requiring the sponsor to conduct trials to further evaluate overall response rate and
duration in additional patients with different tumor types in a nonrandomized setting.
Most accelerated approvals require sponsors to perform randomized trials after approval.
*The FDA approved this indication without approved companion diagnostic tests for MSI-H
or dMMR because of the high unmet medical need (with most patients having few
therapeutic options), the high response rate, and the known safety profile.
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When a Biomarker Defines the Indication: the MSI-H case

MSI-H tumors share common histopathologic
characteristics, including lymphocytic infiltration,
somatic hypermutation, and increased
neoantigen formation. These neoantigens may
serve as targets for the immune system,

rendering a tumor susceptible to immunotherapy.

In addition, MSI-H tumors can up-regulate
immunologic checkpoints, such as PD-1 or
programmed death ligand 1 (PD-L1), in
infiltrating lymphocytes.

A Signaling Mechanism of PD-1 and PD-L1
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When a Biomarker Defines the Indication: the MSI-H case

*The FDA's approval of pembrolizumab
was based on data from 149 patients

Pembrolizumab Response Rate by Tumor Type.*

with MSI-H or dMMR cancer who Were | rumer ype Mioes  Giegies Mepansabheditn
enrolled in five multicenter, single-group no. (%) mo
Clinical trials. Colorectal cancer 90 32 (36) 1.6+t0 22.7+
. Endometrial cancer 14 5 (36 42+1017.3+
*Most patients (84% for colorectal e — s 3;7; e to196s
cancer and 53% for Other tumors) had Gastric or gastroesophageal junction 9 5 (56) 5.8+ 1t022.1+
received two or more therapies for Pancreatic cancer 6 5 (83) 26+109.2+
metastatic or Unresectable disease_ Small-intestine cancer 8 3(38) 1.9+ t0 9.1+
o ORR was 396% (95% Confldence Breast cancer 2 2 (100) 7.6t015.9
. Prostate cancer 2 1 (50) 9.8+
Interval [CI]1 317 to 479) Responses Other cancers 7 3 (43) 7.5+t0 18.2+

i 0]

IaSted 6 months or more In 78% Of * Response was as defined by RECIST. “Other cancers” includes one patient each with the following
pa‘“ents Who had a response . tumor types: bladder, esophageal, sarcoma, thyroid, retroperitoneal, small-cell lung cancer, and

L. . . renal cell cancer (includes two patients who could not be evaluated and were considered not to
¢ ORR was Slmllar |rrespeCtlve Of Whether have had a response). A + sign indicates that the response was ongoing at the time of data cutoff.
the patients were diagnosed with
colorectal cancer (36%; 95% CI, 26 to
46) or other cancers (46%; 95% CI, 33

to 59).

Lemery S. NEJM 2017
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The “mutational model”

A drug is approved and put on the market because it is
active on a certain driver mutation and is approved regardless of the
primary disease site, age, or gender.

*The healthcare system should be able to anticipate these changes, so as to
put in place regulatory procedures aimed at guaranteeing appropriateness
and economic sustainability.

*The answer to this challenge should be obtained through multidisciplinary
networks of health professionals (oncologists, pathologists, epidemiologists,
health decision makers, etc.) supported by updated disease registries. In
this way, it would be possible to gather data and evidence in real time,
guaranteeing the needed governance of the system.
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