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| Abstract |

he reported failure rates in phase 2A and 2B for drugs completing phase 1 and proof of

concept (POC) and those in phase 3 for drugs completing phase 2B are as high as 40% and
50%, respectively. These attrition rates are often due to poor design and analysis of data, such as
insufficient size and duration for safety, insufficient dose range, neglected time course of drug
response, poor analysis of categorical data, and neglected subgroups. Collaborations among
industry, academia, and government are becoming more important in developing new clinical trial
technology and bridging the gap between the discoveries in basic science and product
development for public health. The benefit of using new science are emphasized in a white paper
“Critical Path Initiatives” and following reports by United States Food and Drug Administration (US
FDA) and consortium activities such as the Critical Path Institute of the US. When properly
analyzed, biomarkers of pharmacodynamics (PD), disease progress, or toxicity can reduce failure
rates in phase 2 or 3 by providing tools for an early decision of GO or NO-GO, optimal dose range,
etc. Eventually this can lead to monitoring tools for outcomes of disease, better and safer therapy,
and tailored medicine. In the past, traditional biomarkers were single measures of physiological or
biochemical processes such as HIV burden, cancer markers, blood glucose, blood pressure, etc.
Now multiple or clusters of omics measures and in vivo imaging are being added to the list. These
biomarkers are best utilized when more quantitative model based drug development tools such as
modeling and simulation of pharmacokinetics/PD and disease model are implemented in the
overall drug development processes. New clinical trial designs such as microdosing and adaptive
designs are also useful for the application of biomarkers for efficient clinical trials. Bioinformatics
can also facilitate clinical trials with electronic data capturing, data transfer, and so on.
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Figure 1. New Chemical Entity (NCE) approvals over time[1].
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Table 1. Advantages and disadvantages of using adaptive clinical trial designs

Definitions and examples of biomarkers with different levels of Qualification

Safety Efficacy

TMPT (6-MP, azathioprine)
UGT1AT1 (irinotecan)
CYP2C9/VKORCT1 (warfarin)
CYP2DB6 (Strattera)

EGFR status (Erbitux, Tarceva)
Her2/neu status (Herceptin)
Philadelphia chromosome-Bcr-abl (Gleevec)

Probable valid: from an accepted test system but not conclusive or requires

replication

Safety Efficacy

EGFR mutuations (Iressa)
CYP2D6 (tamoxifen)

KIM1 (preclinical nephrotoxicity)
gene panels used for preclinical
safety evaluation

OncotypeDx gene panel (radiation therapy)

Exploratory: from a broad screen of RNA or DNA markers

Safety
gene panels used for preclinical
safety evaluation

Efficacy

APOE4 (donepezil, Alzheimers)
VEGF (several anticancer agents)

adiponectin mutations (rosiglitazone, type 2

diabetes)
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Figure 2. Biomarker qualification and applications in drug development process|7].
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Figure 3. Application of biomarkers and modeling & simulation for optimal clinical trial design in early phase of drug development.
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Figure 4. Adaptive design was applied in a variable response drug development. In the
first phase wide dose range was explored for safer and effective dose selec-

tion with interim analysis for successful clinical trial.
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Table 2. Advantages and disadvantages of using adaptive clinical trial designs S AofadAd A o A
Advantages Disadvantages A Ao 2 dtdEy, ol A
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e
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Table 3. Integrity and validity in adaptive clinical trials
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confidence intervals etc)
Preplanning based on intended  Assuring consistency between different
adaptations stages of the study Alefakola M&Se &89 A
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Figure 5. Electronic CRF and data capturing and transcribing for clinical trials
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Figure 6. Drug development in the paradigm of learning and confirming with applica-
tions of Modeling &Simulation(M&S).

(candesartan cilexetil) A So|t}, Ao}e] 2FE-3]7}d
ARE-E AFEE Busulfex® (busulfan) SEARA, Zosyn®, A

(piperacillin /tazobactam), Lovaquin® (levofloxacin),

{20]: MXE

Videx® (didanosine), Xyzal®, (levocetirizine dihydro-

g B

A FAI R 7)€L genomics/prote-
omics/metabolomics &3, X8}
ATH el WA, 7154 o) 71,
Mshare] w4l 5 B8stel B
st gk B3 7ol wEx|e

o] st B

adaptive 7], =9} A& o]
e 289 Aot 22 A2e
AAE Ve G5 HaR st
et 714, A, AR71Ho] ol ¢
3 AT Tl A Vlss N

&kl #-88tes w53t EUA= o
Fek A Z2AAS ek glon
ol P& A= FNAT=E At
771 HE A AX ok
WAL Bot AlETNEel] 82 3
ojt}, el BIEA| ] 2|9
© 2 AR i Aol IR
At} B HEAS B4l o
o] AL glovt TS A5 A4l
FAE %ﬁﬂ 71
APdef Qlzets ZEa1 4 g}
& JJBJP Aet. o= 75% AFefste]
B ) Alefakede

© 2 718 Zlo]7] W%Olr/}.

[SAPN
A=

l:l

U o

o)

%3} Agel

K| Xl Adaptive &74|; ZRIZI/A|Z20]M;
oM SSAMAIY

ocooo

REFERENCES

chloride), Digoxin Elixar, Trileptal® (oxcarbazepine),
Betapace® (sotalol), Argatroban FAA® (argatroban),
Celebrex® (celecoxib), Humira® (adalimumab), Ilaris®

(canakinumab), Corlopam® (fenoldopam) ©]t},

J Korean Med Assoc 2010 September; 53(9): 761-768

1. http://www.phrma.org/files/attachments/Accenture %20r
R&D %20Report-2007.pdf

2.Kola I, Landis J. Can the pharmaceutical industry reduce
attrition rates? Nat Rev Drug Discov 2004; 3: 711-715.

oatelArsixl 76T



®
m— Jang lJ

3. The Critical Path Initiative. Leonard Sacks, Office of Critical
Path Programs, FDA. 2010 DIA, Washington DC.

4. http://www.c-path.org/.

5. Wagner JA, Williams SA, Webster CJ. Biomarkers and
surrogate end points for fit-forpurpose development and
regulatory evaluation of new drugs. Clin Pharmacol Ther 2007
81:104-107.

6. Baker M. In biomarkers we trust? Nature Biotechnology 2005;
23:297-304.

7. Peggy Wong, Statistical Challenges in Translating Biomarkers
into Clinical Utility for Drug Development, 46th DIA Annual
Meeting Washington, DC-2010.

8. Food and Drug Administration. Guidance for Industry:
Pharmacogenomic Data Submissions. March 2005.

9. http://www.fda.gov/cder/genomics/genomic_biomarkers_

© | Peer Reviewers’ Commentary

rt
r
:
.
=
O
NI
i;r,
0
o
== o

)\1 32 =9| *H _g_ SIPON|

Ofl ChaH

81l JRIS HEAI 4 s EB
z7

768 aAay|sol e =5

=0l= Yoz 28 Ql
E5 2B QUCE
U= BRI TI=S2M AlQEEet FrRl & 4 O'Ef 2
det S X=7t ol ARYEO| =L S4ot 2hgXel Zelol| ofet X|=A| 7H‘j*o A QIR Hgd STt

2 Aol 7[odor2l2far =0t T2 O ==01M YAl

table.htm.

10. Committee for Medicinal Products for Human Use. Reflection
Paper on Methodological Issues in Confirmatory Clinical Trials
with Flexible Design and Analysis Plan, March 2006,
http:/Mmww.emea.eu.int/pdfs/human/ewp/245902en.pdf.

11. FDA Guidance for Industry. Adaptive Design Clinical Trials for
Drugs and Biologics (draft guidance 2010).

12. http://www.innovation.org/documents/File/Adaptive_
Designs_Presentations/07_Dragalin_Adaptive_Designs_Classi
fication_and_Taxonomy.pdf.

13. Lappin G, Kuhnz W, Jochemsen R, Kneer J, Chaudhary A,
Qosterhuis B, Driffhout WJ, Rowland M, Garner RC. Use of
microdosing to predict pharmacokinetics at the therapeutic
dose: experience with 5 drugs. Clin Pharmacol Ther 2006;
80: 203-215.

—| ZS_OF! Alodﬂw x5t

[ e)

2efoll chHer 2ot ARl H|

J Korean Med Assoc 2010 September; 53(9): 761-768



