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The way to deal with an impossible task was to
chop it down into a number of merely very difficult
tasks, and break each one of them into a group of
horribly hard tasks, and each of them into tricky
jobs, and each of them...

(Terry Pratchett)

izquotes.com
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“Very difficult tasks”

Society and
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Pharmaco- (Companion)
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Clinical trial
conduct and
methodology
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“Horribly hard tasks”

 Personalised: genotype / phenotype, intrinsic and extrinsic
factors, personal preferences and perceptions (e.g. of risks and
benefits). Focus on disease subsets.

 Regulatory: Orphan drugs, B-R decisions, Labelling, Post-
Authorisation

« Clinical practice: treatment decisions, costs
« CE marking and CDx

« Clinical trials: Authorisations, Logistics, Interpretation

3 Rob Hemmings, Personalised Medicine, EMA
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“Tricky jobs” from SAWP and CHMP

 Context and guidelines
« SAWP

 Biomarker ‘generation’

 Impact on drug development and clinical trials
e CHMP

« Interpretation of clinical data

« Labelling

 Impact of labelling on clinical practice

« Post-authorisation requirements and ‘lifecycle’

4 Rob Hemmings, Personalised Medicine, EMA
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Context
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Context

Figure 2: Number of medicinal products and ratio of medicinal product: containing a ic hiomarke: in their product label under “Th tic Indication” per year,
fgure 2 Nunher of medicnal product: and raioof medicaal product: contining  genouic blowarker (gene)in thei product label wder "Therapentc ndicaion” per ear Table 4. Studied patient population (biomarker pasitive and/ar negative) in pivatal clinical trial leading to initial marketing autharisation

EMA evaluated medicinal products containing PGx biomarker in their label under Therapeutic Indication (1999 and 2014) PGk biomarker Actiue substance Patient population stuced in potd trial for initial MAA
HLA-B*5701 Abacavir (Ziagen) HLA-B*5701 positive and negative (not tested at time of MAA)}

0 1 Abacavirfamivudine (Kivexal

" £ Abacavirflamivudine/ddovudine (Trizivir)
-
g 0 1 g CD30 Brentuximab vedotin (Adcetrish D30 positive only
2 5 -; HER2 Everclimus (Afinitor) HER negative only
E 0= Trastuzumab (Herceptin) HER pasitive only
g -E Lapatinib {Tyverb)
g a 3 Pertuzumab {Perjeta)
5 Trastuzumab emtansine (Kadcyla)

"
!; 5 E RAS Panitumumaly (Vectibix) Wild-type and mutant
e B i Cetuximab (Erbitux)
i 7 EGFR Cetuximab (Erbitux) EGFR positive anly
E 1 § Gefitinib (kessa) EGFR positive and negative
3y 5 Erlatinib [Tarceva)
ﬁ a Afatinib (Giotrif) EGFR positive anly

! ALK Crizotinib (Xalkeri) ALK-pasitive and negative
£ 5
2, E
¥ i BRAF V00 Vemurafenib (Zelboraf} BRAF ¥&00 mutation positive only
ﬁ ? 18 Dabrafenib (Tafinlar)

x

E 6 g BCR-ABL Imatinib (Glivec) Philadelphia chromosome (bar-abl) positive (Phe+) anly

5 1 e Dasatinib (Sprycel}
‘! 3 Nilotinib (Tasigna)
i 2 Bosutinib (Bosulif}
E 2 Imatinib (actavis accord, medac, teva) Bioeguivalence studies
‘E ) g Ponatinib (Iclusigh T315k mutation only

o

g, I I I I I Ty Kit CD117 Imatinib (Glivec) Kit (€D 117) positive only

0 . . . . . . 0 # CFTR G551D Ivacaftor (Kalydeco) G551D positive mutation only

1 L m o 2003 o4 s 206 o0 008 um i i o a3 FIP1L1-PDGFR Imatinib (Glivec) FIP1L1-PDGFRa positive raamangement only
Year of marketing autherization = total rumber of autherized produds with PG blomarkers 1315 Ponatinib (Idusigh T3151 positive mutation only
=il of poducts with PG bmakers 0 ttal b of product RET mutation Vandetanib (Caprelsa) RET mutation positive and negative
PML/FAR-x Arsenic trioxide [Trisenox) t15;17) translocation and/or PML/RAR-u positive and negative
6 Rob Hemmings, Personalised Medicine, EMA
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Context
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EUROPEAN MEDICINES AGENCY EUROPEAN MEDICINES AGENCY

SCIENCE MEDICINES HEALTH

SCIENCE MEDICINES HEALTH
9 June 2011 24 June 2010
EMA/446337/2011 EMA/CHMP/641298/2008
Committee for Medicinal Products for Human Use (CHMP)

Committee for Medicinal Products for Human Use (CHMP)

Reflection paper on methodological issues associated with
pharmacogenomic biomarkers in relation to clinical
development and patient selection

O

Reflection paper on co-development of pharmacogenomic
biomarkers and Assays in the context of drug
development

EUROPEAN MEDICINES AGENCY “Irrespective of pharmacological class, it
o is assumed that entrance into clinical
Sy Woring ary development of new molecule today is
Guideline on the evaluation of anticancer medicinal guided by translational research.”

products in man
7 Rob Hemmings, Personalised Medicine, EMA
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Issues at SAWP

ee.g. PD1, PDL1
«\Which one? Which measure? When?

Understanding of marker =Prognostic, Predictive

Identification of marker

Performance of the diagnostic

Selection of “cut-off”

8 Rob Hemmings, Personalised Medicine, EMA
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Issues at SAWP; what shape
for drug development?

9 Rob Hemmings, Personalised Medicine, EMA
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Issues at SAWP — population for confirmatory development

 Primary analysis is usually based on a population of patients that is as
close as possible to ‘all randomised’

 Where there is uncertainty about the choice of ‘cut-off’:

» the sponsor might prioritise a ‘successful’ study by choosing a
conservative cut-off

e this misses the opportunity to generate data to reduce the uncertainty

* Recruit more broadly, with primary analysis based on a pre-defined
subset (and as close as possible to ‘all randomised’ within that subset)

* Interpret based on the primary analysis unless the totality of evidence to
restrict or extend is compelling

« How important to patients and prescribers is the inclusion of BM-ve
patients?

10 Rob Hemmings, Personalised Medicine, EMA
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Issues at SAWP — planning for development in rare strata

 Regulatory aspects, e.g.:
* Unmet medical need? ..
) ) e Condition
 Orphan designation, ‘Similarity
 Consequences for clinical development
« Nature of BM difficult to determine
 Challenges to fully powered RCTS T o
 External control data not available strata
« Untreated vs Standard of care
« Time to event endpoints
o Safety?

11 Rob Hemmings, Personalised Medicine, EMA
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Issues at SAWP — clinical trials

e ‘Umbrella’ trials; e.g. one tumour
type, multiple genetic biomarker CT Authorisation
strata, each with targeted therapeutic

e ‘Platform’ trials; a type of adaptive
trial designed to evaluate multiple
treatments efficiently (e.g. multi-arm,

multi-stage trials). Marketing
] Y e . . - CT conduct Authorisation
e ‘Basket’ trials; one genetic biomarker, Application

multiple anatomical locations, one
targeted therapeutic

12 Rob Hemmings, Personalised Medicine, EMA
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Issues at CHMP

There are known knowns. These are
things we know that we know. There are
known unknowns. That is to say, there
are things that we know we don't know.
But there are also unknown unknowns.
There are things we don't know we don't
know.

— Denald. ?-Bum.ablejg{ -

AZ QUQOTES

13 Rob Hemmings, Personalised Medicine, EMA
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Issues at CHMP

£ Benefit-Risk g Labelling g) Commitments
o o 'c Obligations
E @® -
g’) O 8 PAES
-
3 5 -1 PASS
g‘:) E Recommendations
-
@]
@)
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lllustration through Opdivo

Screening Double-Blind Treatment Endpoints
- Unresectable or Group A = PFS and OS co-primary
mzrgﬁga;;; nivolumab 2 mg/kg IV Q2 weeks + ipilimumab- endpoints
placebo (weeks 1, 4) + nivolumab-placebo (weeks .
- Previously 4 for cycles 1 and 2) Secondary/Exploratory
untreated -— + ORR
- Tumor tissue - - PD-L1/efficacy
available for PD-L1 -
testing = Croup B - Safety
. ) [=] nivolumab 1mg/kg IV + ipilimumab
- Stratification factors = mg/kg (IV Q3W for 4 doses) + hivolumab = HRQOL
for randomization ~N placebo (Weeks 3 & 5 for Cycles 1& 2)
are PDL1 status —
’ b= nivolumab (3 mg/kg IV Q2W for Cycle 3 &
BRAF V600 S beyond)
mutation status and =]
AJCC M status g
o=

Treat until disease progression* or unacceptable toxicity

A DMC will provide oversight of safety and efficacy considerations

*Patients could be treated beyond progression provided they had a clinical benefit without clinical deterioration, as assessed by investigator
15 Rob Hemmings, Personalised Medicine, EMA
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PFS / OS All Randomized Subjects CA209067

— e — =

Probability of Progression Free Survival

= R = v e — —
0.1 e SN +
0.04 ; ; ; ; ; : - ; :
0 3 6 9 12 15 18 21 24 27
Progression Free Survival per Investigator (Months)
Number of Subjects at Risk
Nivolumab
316 177 148 127 114 104 94 46 8 0
Nivolumab + Ipilimumab
314 219 174 156 133 126 103 48 8 0
Ipilimumab
315 137 78 58 46 40 25 15 3 0

——— Nivolumab (events: 183/316), median and 95% CI: 6.87 (4.34, 9.46)
- — - Nivolumab + Ipilimumab (events: 161/314), median and 95% CI: 11.50 (8.90, 22.18)
— = — Ipilimumab (events: 245/315), median and 95% CI: 2.89 (2.79, 3.42)

Figure 5.1-1: Kaplan-Meier Plot of OS - All Randomized Subjects - CA209067
]
>
z
=
wn
I
@
>
o
s
2
% 03
=
[=]
£ 02
0.1
0.0% - - - - - - T - . -
0 3 6 9 12 15 18 21 24 27 30
Overall Survival (Months)
Number of Subjects at Risk
Mivolumakb
36 293 266 245 23 213 200 1589 41 ] 0
Mivolumab + Ipilimumab
na 292 265 247 226 221 208 162 44 F 0
Ipilimumakb
315 285 254 228 204 179 161 118 32 3 0

Nivolumab {(events: 123/316). median and 95% Cl: N.A
- — - Niwolumab + Ipilimumab {events: 110/314), median and 95% CI: N.A.
— = — |piimumab (events: 163/315). median and 95% CI: 19.94 (17.12, N.A)

Mivolumab vs |plimumab - hazard ratio and 99.9% CI: 0.68 (0.46, 1.00)

Mivolumab + Ipilimumab vs Ipiimumab - hazard ratio and 99.9% CI: 0.60 (0.40, 0.91)
Nivolumab + Ipilimumab vs Nivolumab - hazard ratio and 99.9% C1: 0.90 (0.58, 1.38)
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PFS according to PD-L1 CA209067 Cut-off 5%

PD-L1_ Expression Cutoff: 5%
PD-L1 Negative

1.0 1.0
g g
2 0.9 = 0.9
& 0.8 @ 0.8
] Fi
o 0.7 T 0.7
S 0.6 5 06
@ = — @
g os ~ — o @ 0.5
S o4 - e s e L o 04
k= S
=S 0.3 = 0.3
= 0.2 ——im = 0.2
2 B - e m cme s e — 2
3 o1 = = E — s o 0.1
o o
0.0 0.0
T T T T T T T L T T T T T T T T T T T T
4] 3 6 9 12 15 18 21 24 27 4] 3 & 9 12 15 18 2 24 27
Progression Free Survival (Months) Progression Free Survival (Months)
Mumber of Subjects at Risk Mumber of Subjects at Risk
Mivolumab Mivolumab
108 B9 75 (=] 62 55 29 r a 80 57 51 45 39 37 36 16 1
MNivolumab+Ipilimumakb Mivolumab+ipilimumab
210 142 113 101 86 81 69 31 5 0 68 53 4 39 33 31 22 13 3 a
Ipilimumab Ipilimumab
202 852 45 34 26 22 12 7 o 4] = 40 21 17 14 12 8 [+ 2 a
= Nivolumab (events : 125/208), median and 95% CIl : 5.32 (2.83, 7.06) = Nivolumab (events : 38/80). median and 95% Cl1: 21.95 (8 .90, N.A.)
- Nivolumab+ipilimumab (events @ 111/270), median and 95% CI : 11.10 (7.98, 22.18) © 7 "Nivolumab+ipilimumab (events : 29/68), median and 95% CI : N.AL (9.72, N.AL)
= = “lpilimumab {events : 159/202). median and 95% CIl : 2.83 (2.76, 3.09) = = ~lpilimumab {events : 57/75), median and 9585 Cl : 3.94 (2.79, 4.21)

ORR PD-L1-positive (=5%) (72%0 vs 57.5% combo vs nivo)
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PFS according to PD-L1 CA209067 Cut-off 190

FPD-L1 i T 1% FPD-L1_Expression Cutoff: 1%
FD-L1 Positive

1.0 — 1O
= [ s
= -
g 0.9 = 0.9
@A 0.8 A 0.81
g 2
X 0.7 = 0.7
§ 06 - S 0.6
] R @
g os e & 05
2 T T e b g
£ 0.4 = e £ o4
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= 0.2 _ = 0.24
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0.0 0.0
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[u] 3 ] 9 12 15 18 21 24 27 (u] 3 & =] 12 15 18 21 24 27
) . Progression Free Survival {(Months) R Progression Free Survival (Months)

Mumber of Subjects at Risk Mumber of Subjects at Risk
MNivolumab MNivelumab

117 50 43 35 33 29 27 11 3 0] 171 115 = 85 75 Fo G4 34 5 4]
MNivolumab+Ipilimumab Mivolumab+ipilimumab

123 82 65 59 50 46 41 18 4 4] 155 113 92 81 B89 5153 50 26 4 4]
Ipilimumab Ipilimumab

113 39 20 15 12 10 4 3 [v] (4] 164 a3 A6 36 28 24 16 10 2 4]

Nivalumab (events : 77/117). median and 95% CI : 2.83 (2.76, 5.13) “—Nivolumab (events : 86/171). median and 95% C| : 14.00 (7.03, N.A.)
- 7= “Nivolumab+Ipilimumab {(events : 53/123), median and 95% Cl : 11.24 (6.93, 23.03) © 7 CNivolumab+ipilimumab (events @ 77/155), median and 95% Cl : 12.35 (8.74, N.A.)
— = ~Ipilimumab (events : 87/113), median and 85% CI| : 2.79 (2.66, 2.98) = =~ Ipilimumab (events : 129/164), median and 95% CI : 3.91 (2.83, 4.17)

ORR PD-L1-positive (>1%) (64.5% vs 54.4% combo vs nivo)
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OS according to PD-L1 CA209067 Cut-off 1%

PD-L1 Expression < 1% PD-L1T Expression >= 1%

1.0
0.9
0.8
3 S o7
s 2
s 7 08
s k]
g 203 R
2 E 04
3 2
& 03 £ 03
0.2 0.2
01 0.1
0.0 T T T T T T ! ' ! ! ! 00 T T T T T T T T T T T
0 3 6 9 12 15 18 21 24 27 30 0 3 6 g 12 15 18 21 24 27 30
) . Overall Survival {(Months) Overall Survival (Months;
:glmlber Dt]: Subjects at Risk Number of Subjects at Risk ¢ )
volluma .
MNivolumab
Nwolu:nl}l;*lplllrlr?:mab 86 76 73 65 61 48 13 0 0 171 166 158 149 140 131 122 98 25 0 0
123 13 w2 o 82 a2 79 59 18 1 0 NWOmeD P 23 127 s 112 104 @ » 1 0
Ipilimurmab Ipilimumab
13 9% a7 79 7 &0 53 37 13 0 0 164 155 138 126 114 100 88 69 16 2 0

Mivolumab (events : 58/117), median and 85% Cl: 21.29 {13.01, N.A.)

© = “Nivelumab+|pilimumab {events : 49/123), median and 95% Cl : N.A. Nivolumab (events : 55/171), median and 95% Cl: N.A,
=== |pilimumab {events : 62/113), median and 95% Cl : 18.56 (13.67, N.A.) © = “Mivolumab+Ipilimumab (events : 50/155), median and 95% C : M.A.

Nivolumab vs. Ipilimumab - hazard ratio: 0.89 (0.62, 1.27) - '“ ~ Ipilimumab {lelvents S B2/164), megian and 95% Cl: 21.49 (17.12, N.AL)
Mivolumab+|pilimumab vs. Ipllimumab - hazard ratio; 0.65 (0.45, 0.94) Nivelumab vs. Ipilimumab - hazard ratio: 0.55 50.39. 0.78)

Nivolumab+|pilimumab vs. Nivolumab - hazard ratio: 0.73 (0,50, 1.07) Nivolumab+pilimumab vs. Ipilimumab - hazard ratio: 0.59 (0.417, 0.84)
Mivolumab +ipilimumab vs. Nivolumab - hazard ratio: 1.07 (0.73. 1.56)




lllustration through Opdivo

Table 3:

ORR by PD-L1 Intervals - All Randomized Subjects in CA209067
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No. of Smbjece: (%)

PD-L1 Fxpression Nivolumab— ipibmmmab Odé: Ratio (5% €™ Nrvol=mab Odds: Rasio (95% CN)° Ipthimemab
Post-boc Anslyues
>1% 1w <3% 2450 ( 48.0) 472 28479 182 YIS (1649
Q.77.13.18) (1.79. 12.55)
102
045 232)
=Few < 2737 (73.0) 1260 1932 (5399 682 &34 (17.6
(3.58.47.18) (196 X534
183
.60, 53.77)
>%e o <10% 1022 (45.5) 267 12721 (57.1) 427 321 23.5)
(0.61. 12.50) (0.96. 20.24)
Q.63
@.16, 2.49)
<1% 64123 (52.0) 473 39117 (33.3) 219 217113 (18.6)
2.54. 9.05) (1.14. 4.26)
217
25 3.79)
=1% 100/155 ( 64.5) 7.80 S31TI(HH 5.12 31184 (18.9)
4,535, 13.47) (3.04.8.67)
152
@95, 259
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PD-L1 expression and PFS

Figmre 2: FPlot of PES per Investizator Hazard Fabo: by FD-L1 Expression

Interval at Baseline - All Eandomized Subjects
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B. Post-hoc analysis

Number of Events
umber of Subjects)
Ipilimumab Nivolumab

Unstratified
Hazard Ratio
(95% Cl)

<1% PD-L1 Expression : 77(117)
>=1% - <3% PD-L1 Expression —T1¢— 3250 34(59)
>=3% - <5% PD-L1 Expression —e— 1637 14(32)
>=5% - <10% PD-L1 Expression :—&-‘I 3(22) 9(21)
>=10% PD-L1 Expression —— 29(59)

I

|

|
I ' I ' )
0 1
Unstratified Hazard Ratio (95¢

0.60 (043, 0.84)
116 (0.71,1.87)
0.81 (0.39, 1.66)
183 (0.78,4.30)
0.60 (0.33,1.11)
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lllustration through Opdivo

 Benefit-Risk Balance?

* Positive broad indication, with warnings
« Positive for a restricted indication, with warnings
* Indicated for patients with low PD-L1 expression
 Broad indication + qualifying statement
* Negative until mature OS data become available (by end 2016)

 Pros and Cons for use in practice?

22 Rob Hemmings, Personalised Medicine, EMA
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Labelling

« XXX is a targeted antibody-drug conjugate for B cell ALL

« The target is expressed on the surface of B cells and on the blast
surface of over 90% of patients with B-cell ALL.

 Does it help to specify in the Indication (4.1) that the patient should
be positive for the target?

« What consequences are there from HTA and for clinical practice?

23 Rob Hemmings, Personalised Medicine, EMA




lllustration through Vectibix

An Open_label, randomised, phase Figure 7. Study 20020408: Kaplan-Meier plot of PFS (ITT, IRC assessment)

3 clinical trials of Vectibix plus 05 et
best supportive care vs. best Y — rnasrc)
supportive care in patients with

metastatic colorectal cancer.

Proportion Event-Fres
on
=

1T T T T
0024 6 6 101211616202 4202030323330 404244463532

. Vigoks
Subjgcts at risk:
Paniumumab Plus BSG - 231 217 200197 18 85 76 65 49 41 10 40 3 2 B 1@ 12 & 8 8 & 2 2 1 1
B3C Alone MM B AL T T T 7T 4433320t
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lllustration through Vectibix

Patient population with mutant-type KRAS
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Figure 16. Study 20020408 — Kaplan-Meier plot of PES (ITT, time adjusted,

IR.C assessment)

Patient population with wild-type KRAS
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Then post-authorisation......

* Is KRAS being tested in the * Restriction to RAS wild-type

clinic?  New diagnostic identified

* How?  Does it identify the same

« B-R if not? patients?

* Is use being restricted to  B-R on the patient level
wild-type KRAS?  B-R on the population level

* MAH survey and  Who takes responsibility?

educational materials
 Who takes responsibility?
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Summary

)

The way to deal with an impossible task was to
chop it down into a number of merely very difficult
tasks, and break each one of them into a group of
horribly hard tasks, and each of them into tricky
jobs, and each of them...

CHMP
(Terry Pratchett)

izquotes.com SAWP PDCO

There are known knowns. These are
things we know that we know. There are EMA
known unknowns. That is to say, there
are things that we know we don't know.
But there are also unknown unknowns. CO M P CAT
There are things we don't know we don't
know.

Denald Remsjeld P R A C

AZQUOTES
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EMA support and contact: !

EMA SME office smeoffice@ema.europa.eu
http:/'www.ema.europa.euw’'ema’index.jsp?curl=pages/reqgulation/gener:

eneral_content_000059, jsp&mid=wWC0b01ac05800240cc

CHMP! Innovation Task Force (ITF)
itfsecretariat@ema.europa.eu
Briefing meetings with EMA Committees /FDA/PMDA

hitp/fwww ema_europa ew'emalindex. jsp?cur=pages/regulation/general/gen
|_content_000334 jsp&mid=¥WC0b01ac05800baids

CHMP Scientific Advice and Novel methods
qualification scientificadvice@ema.europa.eu

Ittp:.-'.-'-.w.fw.ema.eu_r-:-pa.e_u."ema.-'ir.cle'r..jsp’ﬂ:L|rI: ragesrequlation/general/gens
|_content_000049 jsp&mid=wWC0bJ1ac05300229049
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