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Basics in early drug development
New drugs and new cancer types definitions

Evolving methodology for early drug development and phase
1 trials in oncology

Challenges and Perspectives
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New drug development steps

Discovery Clinical trials
Preclinical Phases
testing | I Il \Y
Years 6.5 1.5 2 3.5
Laboratory Healthy or
Test population and animal patient patient volunteers
studies volunteers
Confirm
- Evaluate . Pharmaco-
Assess safety, Determining . effectiveness -
. . . effectiveness . vigilance
Purpose biological activity safety and . Monitor adverse
. Look for side . Pharmaco-
and formulation dosage reactions from . :
effects epidemiology
long-term use
Registration
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Major Endpoints in Phase | trials

Dose Limiting Toxicity
Maximum Tolerated Dose

Recommended Phase |l Dose
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Dose Limiting Toxicity — DLT

Defined as unacceptable toxicity related to the study drug
Usually assessed after cycle 1

Described in a consensual manner according to the different versions of
the NCI-CTCAE

Grade 4 neutropenia lasting more than 7 days
Febrile neutropenia Grade 4
Thrombocytopenia Grade 3 and thrombocytopenia + bleeding

Grade 3 non haematological toxicity (except nausea and vomiting)

.
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Maximum Tolerated Dose (MTD)

Corresponds to the dose at which a certain percentage of
patients have DLT (usually 33%)

Determined from the toxicities observed during the first
cycle of treatment for each patient included

Important definition in view of not recommending an infra-
therapeutic dose for phase 2 trials
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Recommended Phase 2 dose (RP2D)

Corresponds to the most effective dose with an
acceptable toxicity profile

Often defined as the dose level below MTD

Not always very precise from the start and often
requiring readjustments during phase 2 trials
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Pharmacokinetics & Pharmacodynamics

Pharmacokinetics:
Refers to how the body acts on the drug
Involves the study of drug absorption, distribution, metabolism
Clearance, half-life

Pharmacodynamics:
Refers to how the drug acts on the body
Drug action
Drug effect including off/on target toxicities
Drug response
Relationship between dose and response
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Starting Dose level

Choice of a safe starting dose for phase | trials of cytotoxic
agents is based on an extrapolation of the results of animal
toxicity studies taking into account several parameters: ﬁ[
Eg:
The no observed adverse effect level (NOAEL)

Lethal dose in 10% of mice (0.10xLD10)

Toxic Dose Low (TDL = lowest dose that produces side effects and that is
such that twice that dose is not lethal) in dog or monkey

L 2 <&

9
‘ .
JULES BORDET Courtesy S.Postel Vinay H

INSTITUUT rywry
ris




Dose-finding in oncology : traditional 3+3 design

The most widely used design in oncology 3 + 3 Phase 1 Study
>| Eater 3 Design Schematic

Patients are assigned in groups of 3/DL v | v |

If only 3 patients on the current dose then: Repons Respone Repons

*no DLT -> 3 on next higher dose i’ l i

one DLT -> add 3 on the same dose g cmvdos | | MTD-pevos

*two or more DLTs -> MTD is exceeded v N

If 6 patients on the same dose, then: i

* If at most one DLT-> 3 on next higher dose MTD=Prviove dose

 [f two or more DLTs -> MTD exceeded

The estimated MTD is the highest dose level with observed toxicity rate less than 0.33.
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Choice of administration route

Depends on the mechanism of action of the agent
studied

Depends on pre-clinical data
mportant for the toxicity profile
mportant for dose-intensity

mportance of the sequence in combinations studies
(synergy, antagonism)
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The molecular and immune biology of
cancer cells is better understood

Sustaineg Evaging
prolderative growth
Art-grown tactors sgnahng BUDDIOSSOrs
o9 T

Growth Factors
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9 : Resstng Enabing
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(e.g. Estrogen) “ — ~ e - -

=43
Survival Factors -~ -3
oo 1GF1) ™ (RTK)

InSIabEity

mutation > Infarmmaton
(e.g. FasL)
P ANGIgeness inveEcn &
metastasis
Hanahan et Weinberg, Cell, 2000

Hanahan et Weinberg, 2011 DISTINCT
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From empirical oncology to molecular and immunological therapeutic approaches



A wealth of novel therapeutic strategies based on
molecular understanding

- Oncogenic drivers “de-addiction”
- Inhibition of critical signaling pathways
- Specific cytotoxicity

New targets

Signaling pathways, cell cycle, DNA repair, Angiogenesis, Epigenetic,
Apoptosis, Invasion, Metabolism

New agents
TKiIs, Mab, ADC ..
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A wealth of novel therapeutic strategies based 7

immune biology understanding e 'f:;;‘
§ ¢

- CP inhibitors |

- CP agonists

- Immunomodulators (IDOi, A2A antagonists, ..)
- Adoptive cell transfer : CAR T and others

- Vaccines
@
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More and More « tumor-agnostic » treatment strategies

Treat patients based on
cancer genetics and
molecular features ..

without regards to the cancer
type

® 3
® INSTITUT

JULES BORDET Credit: Yang H. Ku/C&EN/Shutterstock

INSTITUUT




OUTLINE

Basics in early drug development
New drugs and new cancer types definitions

Evolving methodology for early drug development and
phase 1 trials in oncology

Challenges and Perspectives

EEEEEEEEEEE
TTTTTTTTT




®) T Phase 1 published from 01/2014 to 06/2015

LTKI
& Monoclonal Antibody

“ Monotherapy

& Combination
“Immunotherapy

& Chemotherapy
“Hormonal Therapy
“ Others
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Key areas of phase | trials in oncology that have evolved to adapt to novel
oncology treatments and increase the efficiency of drug development

Adapted DLT

/ definitions \

Dose-escalation ) .
Combinations
methods and )
- studies
endpoints

. ) Requlato
Patient selection g ry

changes

N Integrate /

precision cancer
oo, medicine

<
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Considerations for the evolution of phase | oncology trials

Adapted DLT

/ definitions \

Dose-escalation

: Combinations
designs and

endpoints studies
Integrate
precision cancer Patient selection
medicine
Regulatory /
changes
01_10 ;
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Evolving landscape of early phases
from cytotoxics to IO agents

Cytotoxic chemotherapy Molecular-targeted agents 10 agents
Patients number 30-50 3 30-,,200 100-1000 “immunologically” selected
unselected pts molecularly” selected pts pts

Setting Late settings Late and earlier settings

MTD MTD reached MTD unconstantly reached MTD rarely reached

Desian 343 3+3 Accelerated titration/Adaptive designs/

g with large expansion cohorts Multiple expansion cohorts

Endpoints Safety Safety and activity Safety and activity

‘QTNSWUT Mandatory biopsies ++++ for PD biomarkers, DE purposes
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New dose escalation methods for phase |
cancer clinical trials.

. Accelerate drug development

. Limited number of patients treated at a suboptimal dose

. Integrate drug mechanism of action and target
activation to find the optimal RP2D
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Methods for dose escalation in phase 1 trials

Dose A

DLT

= D!LT

E Ii—i : l“RD
1 Jeso b

>

Time

Simple up and down design
Dose
A D DLT DLT
=] Clero
é‘. Plasma drug AUC >
prespecified treshold
é © Determination of
plasma drug AUC
ﬁ‘_‘ﬁﬂ >

Pharmacologically guided DE™™e
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Clero
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Time

3+3 design
Dose E

A

DLT

DLT
1 1|1 3 RD

o

© Computation of p(DLT at next DL)
= target toxicity level

h‘—'ﬁﬂ >

Modified continual reassessmenfimethod

Le Tourneau C J Natl Cancer Inst.

DLT DLT

“+ RD

T Intrapatient dose escalation

>
Accelarated titration design Time
Dao .
s F + Intrapatient DE
DLT
DLT
1 1 1 3 RD

© Computation of p(DLT at next DL)
= target toxicity level
B Computation of p(DLT at next DL)

H = overdosing or excessive overdosing
1 SD >
Escalation with overdose controlTime

==
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Considerations for the evolution of phase | oncology trials
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Adapted DLT

/ definitions \
Dose-escalation Combinations
methods :
i studies
and endpoints
Patient selection Regulatory
changes
\ Integrate /
precision cancer
medicine

Adapted from Wong et al. Nature Reviews 2016
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Typical dose—toxicity and dose—efficacy curves
for cytotoxic agents

— — Dose-effcacy curve Hypothesis : Toxicity and

Dose-toxicity curve

efficacy increase when the
dose is increasing

MTD considered as the

Probability of toxicity or
efficacy

S optimal dose
T B~
— > Still true in the era of
Dose MTA/IO ?7?
’u.mgnnn Le Tourneau C J Natl Cancer Inst. 2009 E
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Adapted DLT definitions

DLT: Occurrence of severe toxicities during the first cycle of systemic cancer therapy: a trigger for dose-escalation

new drugs = new toxicities

DLT period Duration of (including long term toxicities)
toxicity

Better definition of the induced toxicity in
relation to the study drug

: Treatment

Severity delay _
Extended DLT period
Consider the clinical importance of each
Clinical Reversibility grade and toxicity type
relevance

Use of expansion cohorts
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Considerations for the evolution of phase | oncology trials

Adapted DLT

/ definitions \

Dose-escalation ) .
Combinations
methods and )
- studies
endpoints

. ) Requlato
Patient selection 9 ry

changes

™N Integrate /

precision cancer
oo, medicine
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SELECTED DESIGNS IN DRUG DEVELOPMENT BASED ON
MOLECULAR BIOLOGY OR ON STRATEGY

Genotype driven

Basket trials

Test the effect of one drug on single mutation in a variety of cancer types

Umbrella trials

Test the impact of different drugs
in different mutations in a single type of cancer

New designs

Adaptive trial

Allows the modification of some parameters of the trial as data accrue, e.g. sample
size reassessment, stop for early efficacy/ futility, drop an arm
A platform trial is a type of adaptive trial designed to evaluate multiple treatments
efficiently.

Can be used for large phase 1 trials, phase 2
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Biomarker selection & New study designs

Novel precision medicine trial designs

Umbrella trial Basket trial
1 type of cancer Multiple types of cancer
Different genetic mutations (e @ @) 1 common genetic mutation (e)

Test drug 1 Test drug 3 /
Test drug 2 Test drug
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ADAPTIVE DESIGN ORUG A ORUG B CONTROL

Adaptive trials offer a more *** *** ***
flexible way to deal with drug * * *
performance over the course of

a study. |-SPY 2 uses a design

called Bayesian, in which patient

allocation is shifted according to

treatment response. l l
EEE e oth

" oo

.
A

Colours itrol

represent

cdifferent i * l
biomarker -****** Discontinue '**
profiles drug B Al U

Allows the modification of some parameters of the trial as data

accrue, e.g. sample size reassessment, stop for early efficacy/
futility, drop an arm with necessity to have an active IDMC. tment creates ]
A platform trial is a type of adaptive trial designed to evaluate 515 "5
multiple treatments efficiently k ’
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Encouraging trends in modern Phase 1 oncology
trials

224 trials between 01/2014-06/2015 - i
ORR : 19.8% ey o

%50 €8 (30.4)

Factors significantly associated with an RR: Y

Initial human trial
Yes 84 (37.5)

- Trials investigating a single tumor type E—— o
Yes 64 (28.6)

No 160 (71.4)

- Presence of a tumor biology eligibility criterion i e e
Miscel histologic ch istics 121 (54.0)

- Combination of treatments et oy
Immunotherapy 16 (7.0)

- Presence of an expansion cohort o sua
F“:::-:::; 90 {40.0)

Combination therapy 134 (€0.0)

01‘10|N s Tumor biclogy eligibility criterion

JULES BORDET Italiano et al. NEJM 2018 :: 1:::3:2
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Response rates in selected oncology phase 1 trials

Series Period Trials included (n) Patients (n) Agents ORR Grade 5 AEs at
covered tested least possibly
(n) related to drug

Estey et al.(1086) 1074-1082 187 NR 54 NR
Decosteretal.(1900)  1972-1087 211 6,639 87 0.5%
Horstmannetsl. (2005) 1001-2002 460 11,035 NR s 0.40%:
Roberts et al. (2004) 1901-2002 213 6,474 140 3.8% 0.54%
Schwaederle et al. 2011-2013 Biomarker-driven trialsof  Biomarker-driven NR 31.1% (42% inthe case  1.9%
(2016) targeted agents: 57 trials: 2,655 of genomic biomarkers)

Non-biomarker-driven trisls  Non-biomarker- 5.1% NR

oftargeted agents:n=177  driven trials:

n=10,548

Non-biomarker-driven trials Non-biomarker-driven  Non-biomarker-
of cytotoxic agents: n=116 trials of cytotoxic driven trials of
: 7% cytotoxic agents: 2.2%

Waligoraetal.(2018)  2004-2015 170 4604 NR 2.09%
Chakiba et al. (2018) 2014-2015 224 NR 224 NR
AE, adverse svent; NR, not reported; ORR, overall response rats
O
® INSTITUT -J-
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Phase 1 trials are more and more considered a valid
therapeutic option for cancer patients

Survival

An 18-38% increase Safety

in ORR might predict Low toxic death

increased OS rate of ~0.5-2.0%
Response rates Phase | trials Biomarkers

Genomic marker-driven
approaches correlate
with ORRs of ~40%

ORRs of ~20% havebeen | s therapeutic
reported in contemporary intent

phase | trials

I

Dosing
High doses might not always be
preferable with targeted and @VWW

immunotherapeutic agents
L J L 4
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Considerations for the evolution of phase | oncology trials

Adapted DLT

/ definitions \

Dose-escalation ) .
Combinations
methods and )
- studies
endpoints

. ) Requlato
Patient selection 9 ry

changes

\ Integrate /

precision cancer
oo, medicine
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Integrate Precision medicine and « working together »

Predefined populations

* CGH array

* mutations
+/- specific analyses
= |HC

Molecular tumor board

A collaboration between Belgian

universities and their network hospitals
KA SM
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MatchMiner 5&'{-?,‘-,,31-

Developed at Dana Farber Cancer Institute 1; R
Open source computational platform for matching patient-specific genamic

L] - - - - - - L] s ¢
profiles to precision cancer medicine clinical trials.

MatchMiner
G mic Structured
) Clinical Trial Clinical Trial Investigator Mode
Criteria Patient Patient
Trial =
[
Patient Patient
Optional Data

St Medical Record Trial

—L (EMR) __— Trial
Patient
T Trial
* C
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Considerations for the evolution of phase | oncology trials
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Classical approach of drug development

Drug discovery

PRECLINICAL validation

TTTTTTTTT

Preclinical Clinical
Activity —
PK/PD ase
\ Toxico'ogy — ) (dose'finding trlal)
(in vitro/in vivo) Pha:e "
(efficacy)
7
Phase Il

(registration)
v

Clinical practice
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Recent developments in the clinical research methodology
and regulatory changes

Drug Approval
Phase | > Phase > Phlﬁsev

() » 7-10 years
0

Accelerated Approval (e.g., Crizotinib in ALK translocated NSCLC)

L)
Phase l/ll > Phlﬁse
/

® > ~5years

o
DT RPET Adapted from Postel Vinay et al. Annals of Oncol. 201 #




Number of patients enrolled in recent phase | trials having
led to conditional approval or breakthrough designations

MPDL3280A |

Pembrolizumab -

O 157

Nivolumab | ND 286
Ceritinib | (€0 ) 304
Crizotinib 550
. . / < < d
0 200 400 600 800 1000 1200
Number of patients
TTTTTTTT . [ |
JULES BORDET Postel-Vinay S et al, Annals of Oncology 2016 mmm
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Tumor-Agnostic treatment strategies for cancer
Example of TRK fusions

. Can be harbored by 1% of all cancers

. Targeted treatments are very potent

The NEW ENGLAND JOURNAL of MEDICINE

Thyroid tumor [ Soft-tissue sarcoma Appendix tumor [ Salivary-gland tumor
| Colontumor M Lung tumor [ IFS M Cholangiocarcinoma
93.2

‘ 50— " M Melanoma M GIST [ Breast tumor M Pancreatic tumor

| Ii

‘ ORIGINAL ARTICLE

Efficacy of Larotrectinib in TRK Fusion—
Positive Cancers in Adults and Children

A. Drilon, T.W. Laetsch, S. Kummar, S.G. DuBois, U.N. Lassen, G.D. Demetri,
M. Nathenson, R.C. Doebele, A.F. Farago, A.S. Pappo, B. Turpin, A. Dowlati,
M.S. Brose, L. Mascarenhas, N. Federman, J. Berlin, W.S. El-Deiry, C. Baik,

J. Deeken, V. Boni, R. Nagasubramanian, M. Taylor, E.R. Rudzinski,

F. Meric-Bernstam, D.P.S. Sohal, P.C. Ma, L.E. Raez, J.F. Hechtman, R. Benayed,
M. Ladanyi, B.B. Tuch, K. Ebata, S. Cruickshank, N.C. Ku, M.C. Cox,

D.S. Hawkins, D.S. Hong, and D.M. Hyman

Maximum Change in Tumor Size (%)

-100-
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Tumor-Agnostic treatment for cancer
Example of TRK fusions

IpZy U.S. FOOD & DRUG

ADMINISTRATION

+—Home / Drugs / FDA approves larotrectinib for solid tumors with NTRK gene fusions

FDA approves larotrectinib for solid tumors with

NTRK gene fusions
f Share in Linkedin = %% Email | & Print
Novembre 2018
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Challenges in “target-oriented” clinical research

1. Tumor heterogeneity and accumulation of rare genomic alterations:
- Need for data sharing and molecular tumor boards to better orient patients

2. Limited access to targeted-oriented clinical trials for cancer patients:
- High attrition rate
- Ethical issues.

3. Drug development is even more challenging that the molecular aberration

targeted is rare :
-High number of patients to screen for 1 patient to be included in one clinical trial

4. Patients sometimes have to travel even outside their home country and far
from family to access those specific clinical trials targeting a molecular
abnormality.



Challenges for therapeutic development of 10 agents

- Optimal dose and schedule selection

- Optimal sequence/rechallenge

> Maximize benefit for patients and minimize economic burden

- ldentify resistant/sensitive disease to immunological approaches

> Biomarkers (immunoscore, Immunomics, ...)

- New patterns/definitions of tumor assessment and disease progression
- Combinations issues

-, Competitives trials and redundancy ++
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Global ethical considerations

High attrition rate in EDD
Benefit/risk ratio (currently evolving)

« Mandatory biopsies » that do not have the potential to directly benefit
participants

2 Ethical Framework for Including Research
P . Biopsies in Oncology Clinical Trials: American
&. Society of Clinical Oncology Research Statement

"™ Laura A. Levit, JD*; Jeffrey M. Peppercom, D‘ Alda L. Tam, MD?; Jonathan M. Marron, MPH, MD%;
£ Debra J.H. Mathews, MA, PhD*; Kathry! Lert, Nancy Roach’; and Mark J. Ratain, MD*

14
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Adherence to the ASCO recommendations for research biopsies and
archival tissue requirements in commercial and academic clinical
trials conducted at |JB

178 analysed studies between 2015 and 2019
at the Jules Bordet Institute

60 studies which did not require either compulsory archival tissue
or new biopsies

x
119 studies requiring either archival tissue or new
biopsies

60 studies requiring exclusively archival tissue or optional
* new biopsies

59 studies for which 21 new compulsory biopsy is
necessary

01::0 ]
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Biopsy in clinical trials
No new necessary biopsy — 33%
required tissue — 67%

Type of biopsy and
biomarkers characteristics
among studies requiring
tissue

L 2 <&
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Studies requiring
tissue (n=119)

Studies requiring
new compulsory
biopsy (n=59)

Archival tissue

Compulsory 57 (48%) 13 (22%)

Optional 62 (52%) 46 (78%)
New compulsory biopsy

No 60 (51%) 0 (0%)

1 34 (29%) 34 (58%)

2 23 (19%) 23 (39%)

>3 2 (1%) 2 (3%)
Timing of new compulsory biopsy

At screening / 43 (73%)

Per treatment / 33 (56%)

At progression / 7 (12%)
Type of biomarkers

Integral : necessary for inclusion 35 (29%) 14 (24%)

Integral : necessary for primary objective 17 (15%) 5 (8%)

Non integral : necessary for secondary objective 5 (4%) 4 (7%)

Non integral : necessary for exploratory objective 62 (52%) 36 (61%)
Utility

Expected utility : necessary for inclusion or primary 63 (53%) 36 (61%)

objective

Potential utility 12 (10%) 8 (14%)

Unknown utility 44 (37%) 15 (25%)
Participants risk

Low risk 4 (3%) 4 (7%)

High or moderate risk 11 (9%) eNAWL

Unprecised /m 0) 48 (81%)
Adherence with ASCO Ethical Framework 80 (67%) 23 (39%)

Q

Olympios et al, under submission

Collet et al, ESMO 2020
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High cost and attrition rate

Drug research Clinical trials Evaluation/ § Phase IV
Approval studies
[ Lab and arnimal Phase l: 20-100 healthy volunteers (up to (more than
= oy s > : r BT »
’. 2 expe ents Phase II. 100-500 patients - < years) 2 years)
}7’ ) safety, dosing
L

Phase lli: 1 000-10,000 patients -

efficacy. adverse avenlts

1 drug
approved
by health

authorities
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