Seriously...

« Innovative biochemical and pharmacologic
targets,

+ complex chemistry to optimize target
interaction,

- increasingly demanding target product
prof ilw%), and P

* high regulatory standards

=» unprecedented low productivity of

@ the drug development process

Why don't we
iInnovate
enough?

2

The Phase 1 plan we end up wifh...

Sirgie Aacending.

start next
candidate

Target organ(s)  -PK, S&T, FE -PK, S&T

“TK (NOAEL exp) -BA, metabolites PO R

-?biomarkers “?PD -biomarkers
-?biomarkers +2Clinical readout

Therefore...

We need innovative early clinical
development to increase probability
of success by weeding out bad
compounds (or targets) fast and

cheap and advancing good ones

oVl
o Stagpaes

XA =>
"R J

5\

Innovation is lost when...

%\\\' i

- Early clinical strategy is not in place by the g
time of drug candidate selection

+ Decisions are made by the various functions
(Tox, DMPK, CMC, clinical, business) in isclation

+ We are always planning (frontloading,
sequential) for success despite the small odds

+ We are largely driven by the timelines of a
single compound

<

The Solution?

=<
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We can innovate when...

+ Early clinical strategy is well established
before candidate selection; address
- Target-related issues

* Uncertainty whether target - desired clinical outcome
* Possibility of target 9 undesirable autcome
- Compound-related issues
+ Chemistry scaffold 9 toxicity
* MDO properties: BA, DDI, drug product feasibility, etc
- The "unknown unknowns”

* Play the "numbers game”, especially for “must win*
targets or indications

h Sel

 Congl
3=,

-
ection

Patients:

lNO Target or

surrogate?

Consider accelerated
:>1 month- Phase I to endble early
entryinto Phase IT

It is important that...

+ Decision be made early on target/indication
strategy
- Sequential, parallel, staggered
- Selected based on
+ Importance of indication/target
* Uncertainty about target or chemical series
+ “the unknown unknowns”
+ The preclinical package be tailored to support the
early clinical plan
- The right amount API synthesized
- The right size and duration of 61P toxicology studies
« Volunteer/patient safety paramount (primum non nocere)
- The right level of DMPK characterization, formulation
development, etc.
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We can innovate when...

- Decisions are made by program teams
whose members are empowered and
supported by their functions

+ We are focused on achieving “next
decision point” with minimal cost and
time

+ We are driven by the timelines of a
program, with the objective: drug on
the market by 20XX

Example: Target X for IndicatiofgY

- meaningful PD readout with single dose
- TPP requires optimization of therapeutic index

=

Assess PK/PD of 0
desirable and

undesirable effects /

1 G " n <
. ” Full6LP Tox |, -(SAD)/MAD .
Mini-SAD B FRRASY SR . S

5
So, here are the4 things to remembe

Innovative early clinical designs are needed to
“beat the odds” and still have good drugs available
on the market in time for patient benefit as weli as
profitability

Innovation can only be achieved if mu Iﬂdisciﬂlinary

program teams are fully functional early in the

process, i.e. pre-candidate selection

* "One size fits all” preclinical and clinical plans
should be avoided {exceptions may be argued)

* We should be driven by program objectives (drug
on the market by 20XX), rather than by single
compound timelines

* The main issue with innovative clinical designs is
time; however, this is subject to debate:

- See point above

\

- Obtaining early human data may help streamline "Phase 1
F{*proper‘, hus potentially saving time




- IsFaster Always Better

The Pros and Cons of Integrated/Accelerated Phase I /,
1

The Problem QUINTHES

* Low productivity (~90%
attrition) and high cost
(~$1 billion/marketed
product) of drug
development

* Much of attrition takes
place in Phase 2 and
beyond due to efficacy
and/or safety issues

GAQ Report on Hew Drug Development. Hov 2006

BRI 4]

Proof of Concept-Application of integrated
Exploratory Protocols

Dr Darren Wilbraham
Associate Medical Dlrector
Guy's Drug Research Unit (GDRU) Quintiles Limited
London UK

o ik @t

Re-engineer the Exploratory Development
Process

} A new smarter approach is required in early clinical
development to improve the chances of success in later phases
¥ Understand and ptan for the optimal product profile
} Utilize advances in science and technology to improve the
decision making process
* Critically evaluate preclinical data
* Develop innovative clinical study designs
* Identify and apply essential criteria for Go/No-Go decisions
* Focus on data critical to decision-making
* Integrated Exploratory Protocols may offer these benefits

wgrintitas o

Pharma R and D Profile

Quimnes

Very high candidate failure rate
after discovery phase
’ Less than 1% of compounds
entering development enter the
market
* About 90% fail in preclinical
development
' Only 8% compounds entering
Phase | successfully complete
Phase lll

High costs of drug development
are seen as a major disincentive
to investment.

-

Late phase failures are financially
catastrophic.

» tuimditee c2a

integrated protocols QuintiEs

» Single flexible exploratory protocols

Preliminary investigation of the safety, tolerability, PK, PD and
POC/POP in healthy subjects and where possible the target patient
population

Usually combines investigation of single and multiple doses in one
protocot

Protocol designs accepted by EU CAs (MHRA. MPA, BfArM) and
RECs

Design is individualised and tailored to mest the requirements of the
development plan for the compound under investigation

-

-

v

v

» avirtiles caT
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Advantages of Integrated Protocols QuoiTigs

* Smali, weli-controlled robust studies which enable:
* Investigation in the target population much earlier

* A more rational dose selection for Phase b from the POC
study

* Permits go /no go decision making earier

* Promote scientific and ional

Y

! Reduced time to study completion and reduced cost

Considerations in integrated protocol design ~ QUINTLES

! Individualised protocols specific to compound under investigation
' Review proposed therapeutic indication, seek opinion of clinical
experts
* Critically evatuate pre-clinica! data

* Usually double-blind, randomized. placebo controlled

* Define first dose and planned maximum dose
! Provide rationale
 Avoid stating interim doses as likely to change!
+ Minimises risk of amendments and maintains flexibility
¢ Describe decision tree for dose escalation and provide stopping

' Participation of i ig s and i based on eart
POPIPOC data ; 4 nules
 Single p Is - 1 regulatory
it o1 + quElitesco
Considerations in integrated protocol design ~ QUITIES

¢ Include relevant safety, PK and PD assessments
!+ Consider use of appropriate biomarkers/surrogate markers
 Use of specialist techniques to indicate the required activity.
' PET, Challenge agents

¢ Define subject population
Y Healthy voiunteers or patients or both
+ Exploratory investigations —small numbers
+ Build in scope for repeat or additional dose groups
¥ Consider age/gender/metabolic status

> qrinticen

SUMMARY Quivmiey

* Why integrated exploratory development protocols
' Flexible integrated Phase  protocols expedite rapid clinical
evaluation to POC
* Reduces the regulatory authorisation time
* Reduces drug development time and cost
¥ Utilise clinically relevant markers to investigate potential activity
} Provides key information for go /no go decision making earlier
' Enables better dose selection for Phase Il b studies

* Provides for better candidate selection for late phase
development

}» Minimises risk of late phase failures

2 etilec.gon

The Pros and Cons of Integrated/Accelerated Phase I
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Industry Experience with
Non-Traditional IND
Approaches for Phase 1

Rebecca Boyd, PhD
Clinical Pharmacology
Pfizer Global Research and Development
Ann Arbor, Ml

ASCPT March 23 2007




Reducing Late-Stage Attrition

& Early in development optimize candidate
selection so only the most promising candidates
proceed to large Phase 2/3 studies

8 Use Phase 1 as much as possible {o make
Go/No Go decisions for specific candidates
and/or targets or choose best among several
candidates

1 Consider use of non-traditional INDs to reach
Phase 1 decision points with lower investment

8 FDA: “Existing regulations allow a great deal of
flexibility in the amount of dala thai needs to be
submitted with an IND application, ...”

Factors to Consider

a4 What question is important to answer to make early
Go/No Go decision?
— PK - t% only, dose-exposure relationship, time-dependence
— PD - time course of effect, decision-making
— Safety/Tolerability

a Can question be answered by conducting a study with
limited exposure (dose and/or time)?

B Precedented target/chemical series?
— Probability of success given prior knowledge

& Cost?
— Savings on loxicology program and AP vs program delay

Example 1
Dosing to Pharmacologic Effect

a Backup compound with Phase 1 data available
for lead compound

& Pharmacologic effect measurable in healthy
subjects via biomarker response

# Lead compound showed solubility-limited
absorption

a Concem that lower solubility for backup would
prevent therapeutic concentrations being
achieved

8 Go/No Go decision criteria: target concentrations
achieved and/or biomarker response observed

Alternative IND Options

& Exploratory IND

— FDA Guidance issued in 2006

2 simitar guidance being developed by EMEA
- Allows single dosing o pharmacologic effect and limited multiple
dosing with less preclinical testing than traditionat IND

— Not devised to explore tolerability
2 Microdose (sub-pharmacologic) approach

- Included in Exploratory IND Guidance

— EMEA Position Paper (adopted June 2004) also available
8 “Single-Dose” IND

— FDA Acute SD Toxicity Guidance in 1896

— Allows single doses to toleration, supported by single-dose
toxicology studies with 14-day follow-up

Examples

ASCPT March 23, 2007

Details of Approach

a1 Objectives:
— Characlerize single dose PK and PD
- Assess dose-exposure relationship
a Design:
- 4 doses in 4-way crossover placebo substitution design (N=8)
3 Dose Selection:
- Stanting dose: $1/50 of 2-week rat NOAEL and no expected
pharmacologic response
—~ Maximum dose: < % of the 2-week rodent NOAEL on a mg/m?
basis or < ¥ of the AUC at the rodent NOAEL or < prespecified
change in biomarker
A Toxicology Support:
— 2-week repeat-dose rat study (sensitive species) and 4-day

repeal-dose dog study (1 dose), including safety pharmacology
assessments

— Genetic toxicology




Results: Therapeutic concentrations achieved
and good PK profile

t%2~20 hr

Impact
% Viable compound identified that could be quickly advanced should
attrition of lead compound occur

1 Fewer resources vs traditional IND to obtain this information

Details of Approach

4 Objectives:
— Determine safety, tolerability, PK and PD of single doses

— Estimate potency from exposure-response relationship for
biomarker

a Design (2 Studies Conducted):
~ Randomized, placebo-controlied, double-blind
— 6 doses, each subject received 1 dose and placebo (N=36)
2 Dose Selection:
- Starting dose consistent with FDA Guidance on maximum safe
startng dose
- Maximum dose based on safety, tolerability, and exposure
relative to that in pivotal toxicology studies

3 Toxicology Support:
— Single-dose rodent and dog studies with extended observation
— Single-dose safety pharmacology assessments
~ In vitro genetic toxicology

Example 3
Sub-Pharmacologic Dosing
2 Two backup compounds from class with
extensive human experience

a Assessment of t¥% critical for choice of
compound to progress

1 Considerable uncertainty in projected
human t'2 based on preclinical data

2 Decision criteria based on PK/PD
analyses: t¥2> 12 hr for BID and > 24 hr
for QD dosing
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Example 2
“Single-Dose” IND

a Two backup compounds with Phase 1 data
available for lead compound

a Pharmacologic effect measurable in healthy
subjects via biomarker response

a PK/PD model linking biomarker response to
surrogale endpoint developed using data from
lead compound in conjunction with prior
knowledge

3 Go/No Go decision criterion based on biomarker
response following single dose

Results: None of compounds met decision
criterion

Accentabe Dose Range
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Details of Approach

3 Objectives:
— Characterize the pharmacokinetic profile of single, sub-
pharmacologic dose

2 Design (2 Studies Conducted):
— Open-label, single-dose administration
— N=12 subjecis
# Doses:
~ Single 500-pg dose for one compound and 1000 pg for another
— Doses were < 1/100" of expected therapeutic dose in humans
a Toxicology Support:
~ Single-dose study with extended observation in rodents at up to
1000x projected human exposure
- In vitro genetic toxicology studies




Results: Decision criterion not met for either
compound Pros/Cons of Non-Traditional INDs

s Pros a Cons
_ com - For a specific candidate,
Allow more pounds to longer time 1 Phase 1

be tested in Phase 1t fora .
Compound 1: t%2 ~ 300 hr given leve! of invesiment E;%I&rtaagrgiy\:eoli'ahglaey oot
before selecting one or measure of PD not
1 Observed t¥; values indicated more candidates for furiher g;allﬁg‘zg\ierﬁ)quf)?slfjaz
s i .,
low probability of success and development via m? . noﬁnost sen515ve species
neither compound advanced traditional IND application Microdosing: Requires
No Go decisions made with N Allow flexibility to tailor sensitive assay and may
mimmal investment (particularly early chnical program to not be predictive of
APl and time) specific question to be therapeutic dose; PK not
most important reason for

addressed attriion; toxicology TBD
“Single Dose” IND:
Requires reliable single-
dose measure of PD or
safety; toxicology TBD

Compound 2: t'%~ 6 hr

Comparison of INDs
I T T el Ml

D Tolerabili} Yes
a Non-traditional INDs have facilitated early, less

__-
expensive Go/No Go decisions for specific -“““
“---

Summary

compounds in a number of programs across
several therapeutic areas

MD PK Yes. Yes {7 days}
N S . Dose-Exposure Yes Yeos Yes
been limited to compounds in programs where ---“_
there is prior human experience wilh the (argel G R T I M

and/or chemical series Toxicology | 2-of 4-wk repeat | 2-wk in sensitive SD (14 day R
Support dose in 2 species, safety | observation) in1 | ebservation) in 2
2 Impact on overall drug development costs and species, satety | pharmacology, species species, satety
S . . pharmacology, geretic phammacalogy,
productivity remains to be determined gerede tosicology geretic

toxicology toxicology

I N R

The Regulatory Experience With
Innovative Phase | Design and
Consideration On Novel Early

Development Strategy

ii Mehul Mehta, Ph.D.
Director, DCP 1
 OCP, OTS, CDER, FDA

Mehul Mehta
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{ Exploratory INDs: Guidance to Use of exploratory INDs (ExpINDs) in
improving efficiency of drug

5 Industry, Investigators and Reviewers Y
. -} development

e Draft guidance published April 2005, over 350 comments to i
the docket. Final published in January 2006. o ExpINDs will allow sponsors to evaluate up to

e “For the purposes of this guidance the phrase exploratory IND : i five chemical entities or formulations

gt

T, is intended to describe a clinical trial that occurs very e7arly in simultaneously

. phase 1, involves very limited human exposure (up to 7 days

: of dosmg) and has no therapeutic intent. ¢ V':/heeEn alﬁgd, Oolmpognd has been seIIeCted'
e Existing regulations allow flexibility of the amount of data that - the Exp is closed and drug development

.. need to be submitted with an IND—depending on the goals of R proceeds along the traditional pathway

Y ti ted . : p
: ?si;nvesnga ion, the testing being proposed and the expecte -l e EprNI_Ds prov!de oppor_tunlty to study PK and
i o

[
~2.5

" . 1 & Viewed as pavestone on the ritical path.

S S
N

ASCPT 03722107 Mehul Mehta

S
%

ASCPT 03723107 Mehul Mehta

I B e

:_ G THe explaD "will accelerate discovery and

development of new pharmaceutical agents*

L The expIND will accelerate discovery and
development of new pharmaceutical agents*

Conventional IND axpIND
L Janl 1-3Kg 10-300g
| “Prdciinical | 9 - 12studies 5 - 6 studies
' Resources | 4220 rodentand 38 NR 170 rodent and 6 NR
L 9~ 18 months 3 - 6 months Conventional IND expIND
Fulltoxicology profile ePredictable API requirement
«Escaiation to MTD in clinical trials :::I:w progression to clinical sLarger quantity of APl  ePotential delayed
eProgression directly to Ph 2 i
aCapablity o evaluats eSlower dedisions progression to Phase 2
candidates based on target eLate and costly oMTD not established
activity attrition
" . +Better development decisions
PhRMA presentation made more quickly .
January 2004 oEarly and less costly attrition *PhRMA presentation
i January 2004
- ‘;4 ASCPT 032307 Mehul Mehts ASCPT 0372307 Mehul Mehta

- 9
' Bottom Line IND “Clinical Hold” Experience
o CDER sees implementation of an exploratory IND Ra;v;r:R Regzulaﬁons: o ot mosit
H H ! m21 312.42: Clinical holds and request for modification
gu |dar!ce as an.|mp°n.am part“ Of. .FDA s " (1) CDER MaPP 6030.1: IND process and review procedures (including
commitment to improving the “critical path” to new LD clinical holds), May 1998
i Eh §Il) CDER MaPP 7400.4: Terti w of genetic toxicol tudies
medical products. e i e “ resulting marecomrﬁenadrzurgr\:lgwra ﬂmcalhold orgggdsugl of
e The amount of prediinical safety data required for ™ CDHE""R'“S'B ;!;dﬁz 15;39;&'"09"200‘; - R
H - AN [+ ole of
eprNDs will generally be less than for supervsors and mana% ement documenlmg views and fmdxng and
conventional INDs. resohving differences. August 199
. . . . (V) CDER Guidance: Estimating the maxvnum safe starting dose in initial
o Reduction in safety data requirements will be clinical trials for therapeutics in adult healthy volunteers, July 2005
scaled to the goals, duration and scope of the : (V1) CDER Guidance: Contentand format of phase 1 INDs for slutil;; of
proposed clinical trials. : ol products, November 1995
S ———
{ —1
ASCPT 0372307 Mehul Mehta ASCPT 0372307 Mehul Mehta
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IND “Clinical Hold” Experience

; Background:

f o« Commercial INDs (only) submitted across all
therapeutic areas in CDER during years 2003 to
2006 were surveyed for clinical hold.

.+< . ¢ Incase of adinical hold, the reasons / disciplines

"~ . contributing to the hold were assessed.

"« Does notinclude biological INDs.

o Data can be shared in terms of global summary

statistics only; illegal to disclose details.

ASCPT 0372307 Metul Mehta

*/IND “Clinical Hold” Experience

% B 2006 (84/593)

01 2005 (63/540)
212004 (57/495)

2003 (43/387)

|

iy (19
P Tl A R
;W IWM
ASCPT 0372307 Mehul Mohta

‘Conclusions

* Regulatory tools like exploratory IND, micro-dosing, etc
have an important contribution to offer during early
phase learning and are utilized well by industry.

e Overall, the quality of the FiH INDs submitted seems to
be excellent. Two major categories for clinical hold
appear to be Pharm/Tox and Medical Risk.

® Mostinformative FIH protocols require successful
integration of all available knowledge from various
discplines, e.g., pharm/tox, clin pharm, chemistry,
clinical, ethics, etc.

e Early phase studies provide the best opportunity to
learn pharmacology, explore biomarkers and assess
exposure-response (efficacy, safety, biomarker); get the
most cut of them!

ASCPT 03723107 Metul Mehta

IND “Clinical Hold” Experience

" [Year Total INDs % (n) Placed on
g Received Hold
[2003 387 11% (43)
2004 495 12% (57)
’ 2005 540 12% (63)
: 2006 593 14% (84)
"
E ASCPT 0312307 Mehul Mehta

T ASCPT 032307

IND “Clinical Hold” Experience

Summary:

o Data for last four years show that a small
fraction (~12%) of the submitted INDs get
placed on clinical hold.

¢ The two main reasons for clinical hold were
Pharm/Tox (35%) and Medical Risk (33%)

o Congratulations on a job weli done!

Mehul Mehta

-.; Suggestions

e From pre-IND to post-NDA, develop and utilize as

quantitative a framework of exposure ~ response (dose,

biomarkers, QT, surrogate end points, clinical end points,

etc) as possible in decision making.

For the intended therapeutic area, develop the placebo

and disease-progression models and utilize them for

efficient trial designs

e During the learn phase, characterize the highest dose as
well as you can. An arbitrary x fold range may not be
adequate. This is the only opportunity. The safety margin

defined here plays crucial role in approvability of the drug

at the end.

ASCPT 03/2307 Mehu Mehta
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Suggestions

Best to leamn about adverse effects under the
monitored and controlled conditions of these studies.

Build more certainty (e.g., by expanding the cohort
size) before terminating dose escalation.

Look for side effects that may be suggestive of
efficacy!

Learmn the most about the pharmacology of your drug
by evaluating an array of biomarkers.

ASCPT 03/2307 Mehu Mehta

and Cons of Integrated/Accelerated Phase I *

-Always Better -~ .- - .

&) 73\“&?,

Thank you !
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Applying Research to the Policy Cycle:
Implementing and Evaluating Evidence-Based
Drug Policies in British Columbia

Malcolm Maclure? Robert S. Nakagawa? Bruce C. Carleton®
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IJ€¥IF147 - <3V — (Executive Summary)

19955k, A F DTV T4 y¥aauarsE7
Micix, BRSaX FIFIBEE LT, BEEHRD
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RDP) ¢ 2B #EL 2RV —%2FE ML T
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ADaRFEREP, FROBRREZBLEESC
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1. FFi#® (Introduction)

ANNWAT T AT A
(The Health Care System)
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(deductible) DS 5N TV 3, 62D T FvDER
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RYS—DBE (Policy Overview)

7Y F 4 v¥aanyE7 MO Pharmacare I3,
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Program: RDP)%# /2% L 7z, RDPIZ, TEF ¥ R
b ETOHEENLEEMBEIC OV TIEARIIK
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EDFEREZERILL, dL, SfiE0ERICENT:
RPEWER OB DREENRD SNz > 156
X, NNESO S ISR Y IORBET 0SS Lk
SEMDEEILH S— (cover) T\,

RDP iZ 1980 R & 1990 FERUIZHII T, =a—
=5V F, FAY, Z20fipa—u v FETS
BT ATLE2ETNE LTEBINL 1619,
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W RBWRERETH 5 LBDONEIL, "HE
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7YF 4 yaanrET7HTORDPOE LR
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»o BEORAZZY 2 BABLNE, 2EXhD
N3EVIHIEBEEZ - -bDTHS, bL, EfM
M7 7 7 APEET, BEVSEERFEHTELRY,
¥ I3BRBB ok EBE I NS, Pharma-
care |3, BEHEASHBLUA KN 22O, HORASD
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EFZNHEY (Medical Necessity)
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(What Physicians and Hospitals Do)

BRYIDERE, BREBANAWESIZIbNS
X 91275 721960 5 1970F IR E > 72, %
DYEF, EVBREOTTFICEVT, LHFEIISHK
AT bTHhThot, ZHICINZ, REER
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Pharmacare 70 77 Al X b ZXthbi sz, Pharma-
caret, JEBt LBV, MAEEEZERLEET 30
DEEME¥EHS (Pharmacy and Therapeutics
committee) D & 9 %, ERLBEAZEZ - Tk
Pots, TORFDERE, FEFHIBMNLNGESE
RT3 t2BETIHEICI>TEFEINTLS,
Zhix, BEIINLTOEORERIZ, BEBEAOR
BICERCEET 270, BEMOBEEERCHBIIE
FIZESIC > THEENEZDIFTRBEVEVRIFE
A6 THE, I, EREHIIZEALDBEIE
WOBYIREAMATEZLREL TVRELHTH
25, HLOMEBRIINICELTw» 32D, ¥
CORAIZ, EMBRAEICOWTHEETTE
2, BHENLER TR (ERENOEREZER
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