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Transporter approach to optimize PD/PK of Azatyrosine
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Competitiveness: In vitro activity of TW01s
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TWo01: Broad spectrum of anticancer activity
NClI test r Its on 60 h cell lines.
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Compound #Wafk | HPW | HPW | HPW | HPW | HPW | HPW

OB | 99-5 | 99-6 | 99-8 | 99-9 | 99-12 | 99-13
e 6 10® | 107 | 10® [ 107 | <10¢ [ 10®
ZEl AR 9 108 106 107 107 108 107
S 7 10 107 10 107 | <10% | 107
ﬁ’n 6 108 107 107 107 108 107
LGN 8 108 107 107 107 <10% 107
;ﬂﬁﬂm 6 108 107 106 107 <10 107
Tl 8 108 107 107 | 1075 | 10% 107

2 10® | 10¢ | 107 [ 10 | 10® [ 107

R 6 108 108 108 107 <10% | 10%

IC,, of taxol are around 10%° M

Data from NCI
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1Cs0 (M) Potency ratio
Cell line Two1 Taxol Two1/Taxol
Colorectal cancer
HCT-15 4.0x10™° 2.1x107 5.2
Renal cancer
ACHN 9.7x10° 1.5x10° 15.4
cAKI-1 6.3x10° 2.0x107 3.1
TK-10 3.8x10° 6.9x10° 1.8
uo-31 5.1x10° 1.0x10° 19.6
Breast cancer
MCF7/ADR-RE 2.6x10° 3.1x10° 119.2
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Fig. 3. TW01 & taxol on growth
inhibition of PC-3 prostate CA
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Competitiveness

Fig. 4. Pharmacophore mapping of 220 protein kinase inhibitors. J Chem Inf Model, 2007.
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Imatinib IC50 = 0.375~1.8 uM

e v T

Vandetamb (ZD6474)
VEGFR-2(KDR): ICs 0.04 ulM Zactima (vandetanib)
VEGFR-3 (Fit-d): IC5 0.11uM

Shofroae] P

fm 2358 TWO1s IC5y 0.1~0.012 uM

Sprycel (Dasatinib) IC5y 5~10 uM

vascular disrupting NPI12358 + docetaxel : Trial In NSCLC, 2008.

Structure-based 4D-QSAR for Activity Pprediction

Eq : -log IC50 = 5.89 + 3.74*GCOD(3,-4,-1,np) + -1.79*GCOD(2,-3,0,np)
+1.30*GCOD(1,6,2,np) + -1.18*GCOD(2,2,2,any) + 0.29*GCOD(2,-4,-1,np)
N=24 R2=0.906 Q2 =0.818 LOF = 0.028
IPE descriptors: np—non polar, p+: (+)polar atom, p-: (-)polar atom.

Fig. 5. Reliability of the model : Difference between predicted and observed
response of BCM-TW-032, with largest difference, is (—loglC50) < 0.23 (3~4%).
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Structure-based Prediction of Activity (MDA-MB-231 Breast CA) Mechanism of Action of TW01

Table 3. Inhibition of TWO01 on 18 cancer related kinases (Data from MDS Lab.)

Kinases I1C5, (/M)

Tyrosine Kinase, Abl (chronic myeloid leukemia related) 0.78
Tyrosine Kinase, Fyn (metastasis related) 2.32

F ig' 6. 4D-QSAR for Tyrosine Kinase, Insulin receptor 5.9
activity prediction Tyrosine Kinase, pp60SR¢ 10
Serine/Threonine Kinase,PKBa/Akt1(cell survival) 1.73

Serine/Thr ine Kinase, MEK1 ( proliferation related) 11.1

Predicted active: Serine/Threonine Kinase, Erk1 (cancer proliferation related) 1.4
_IOg IC50 =719 Serine/Threonine Kinases, Erk2, PKC-a, B, B 1, 6, & 0, p,  cdk2/cyclin A >10

Predicted inactive
—log IC50 = 4.10

Table 4. Comparison between TW01 and Gleevec

TWo1* Gleevec
Tyrosine Kinase, Abl 0.78 uM 0.25 uM**
s42 ? 23 ?";1 K562 Cronic Myeloid Leukemia 0.03 uM 0.4710.04 uM***
LES RS2 , *MDS Data. **Buchdunger, Biochim Biophys Acta, 2001. ***Gottschalk, Clin Cancer Res, 2004.




In vivo activity of TW-01 on HA22T human hepatoma.
Increase of life span (T-C)/C > 55 (30 mg/kg)

Tumor size (mg)
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—0.5% CMC

— TW-01 10 mg/kg/day
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6001 — TW-01 100 mg/kg/day
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Fig. 7. Inhibition of tumor growth.

Data from f",‘-igf?ﬂﬁ' FERT

Fig. 8. Increase of life span

Survival rate (%)

TWO01 (3 mg/kg) 63 days
TWO1 (10 mg/kg):69 days
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Unanswered question: Poor PK with significant PD.
= poor absorption or extensive metabolism?

PD/PK Optimization : Formulation Becomes the Bottle Neck

Formulation design

poor absorption?ﬁ

TWO01 lead

extensive metabolism?ﬂ

solvent pair

— solubility enhancing agents
% delivery system design

nanotechnology

& Analogues

Chemical modification C—) Prodrugs & soft drugs

Potential active metabolites?

Table 5. PK profile of TW01
AUC,.; AUCO-» Cmax Tmax T1/2 CL F(%)
hr*ug/mL hr*ug/mL ug/ml h h L/hr/kg
iv | 1.08%£0.55 | 1.13%0.56 | 1.58+0.67 0 2.34%1.31 | 0.77%0.37 -
po | 0.45%0.13| 0.52 £ 0.14 | 0.18%0.09 | 1.06%£0.33 | 2.70%x1.54 0.6£0.36 1.1440.6%0




Fig. 9. Most active metabolite of TW01 while not feasible for development as a drug.

__Table 6. Comparison of PK profiles (da
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ta from contracted Rossetta Co.)

AUC, AUC,.. Cinax Tmax Tii2 CcL o,
compds hrtug/mL hrtug/mt ug/mi h h Linrlkg FeR)
TWO01 1.08+0.55 1.1320.56 | 1.58+0.67 [ 2.34%1.31 0.77+0.37 -

iv | TW01001 | 2.66+0.47 3.05£0.24 | 3.35+1.52 0 3.74+1.14 0.66+0.05 -
TW01002 | 0.83%0.45 0.90+0.37 | 0.87£0.28 0 5.24+3.49 2.55%1.25 -
TW01003 | 0.18%0.06 0.19%£0.06 | 1.46+0.99 0 0.53%0.21 11.48+3.21 -
TWO1 0.45%0.13 | 0.52+0.14 | 0.18+0.09 | 1.06+0.33 | 2.70+1.54 0.6+0.36 1.14+0.61
TWO01001 | 14.02+14.05 | 14.76213.61 | 4.17+3.41 | 0.83+0.63 | 9.12#5.89 2.311.71 46.8+40.0
TW01002 | 6.56%5.70 7.2846.84 | 0.680.34 | 2.67+1.15| 12.42+15.29 | 4.8443.71 78.94£51.0
TW01003 | 0.01£0.01 0.07£0.01 | 0.00+0.00 | 3.00+1.41 | 1.94+3.37 | 337.89+58.52 0.76
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Anti-angiogenetic effects of TW-01 analogues in animal model

Control
(VEGF)

10
TW01002 (Mmake)

10
TW01003 (me'ka)

Fig. 10. Nude mice were given s.c. of 500 ul of Matrigel at 4 C containing VEGF or bFGF (150

ng/ml). Test sample was administered orally once daily. After 6 days, the animals were
euthanatized and the plugs were clipped for measurement of angiogenic effects.
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Anti-angiogenetic effects of TVW-01 analogues in animal model
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In search of active metabolites of TW01003
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Table 7. Oral bioavailability and anti-angiog is of potential TW01 metabolites.
Solubility ug/mL Oral BA*% HUVEC In vivo anti-angiogenesis**
Ln=2) GI50 Pc 3 k 10 30
Taxol ~40 0.013 4 - - -
TWO1 23 <1 0.055 1 45% 10% 5%
TW01001 137+ 6.26 46.8+40.0 0.100 1/1.8 34% <1% <1%
TW01002 286.421.2 78.94+51.0 0.250 1/4.5 4% <1% <1%
TW01003|  197.6 0.6 1.72 (n=1) 0.120 1/2.1 <1% 2% <1%°

Iv (7 mg/kg) Oral (36 mg/kg)

TWO01003 sulfate
1 - B A
\ R TWO01003 sulfate  _3” 30
s
o AN £ os
g . ¢
o T

Time (min) Time (min)

Fig. 10. Plasma concentration-time curve indicated that the anti-angiogenesis effect of
TWO01003 might come from its active metabolites. The preliminary Data are from studies

in one rat (# 74 ##%)
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In Search of Active Metabolites of TW01003

Summary PD/PK Assessment: TW01002 & TW01003 are the choices

Pig urine
, [¢]

-

B

it 1 }
M2

AW 16,17 | HME 1115, | [ 1120 |

i 12 18.20

w2043 | om0, |

Fast biotransformation of TW01003 to sulfate conjugate
Isolation of the metabolite from pigs is in progress.
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to pig ( q. to 6.6 mg/kg of 30 kg pig); (b)
HPLC of the urine sample 480 min after dosing and (c) urine after sulfatase tr f 23
TW01003 to the pi TIr.
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1. TWO01003 was proved as the active metabolite of TWO01.

2. Unsatisfactory PK of TW01003, due to extensive metabolism
(clearance), limited its potential to be developed as a drug.

3. TWO01 might act as the prodrug of TW01003, if formulation for PK
optimization can be achieved.

4. TW01002 and TW01003 designed for retarding the first pass effect
(oral BA 47% and 79% respectively), are considered superior to
TWO01 and TW01003 for further development.

Table 8: Summary PD/PK Assessment: TW01002 & TW01003 are the choices

Cytotoxicity | Anti-ngio Water Oral | absorption| metabolism
genesis | solubility BA
TWo1 ++++ ++ + + + ++
TWO01001 +++ +++ ++++ ++++ ++++ +
TW01002 +++ +++ ++++ ++++ ++++ +
TW01003 +++ ++++ ++ + + ++++ 16




Conclusion: ADME Determined the Success of DrugR & D

PRI

Scenario of Drug R & D
Chem PD/PK abreast
=~ PD/A&T PK as passive role
= ADME Successful rate: < 1/2000
= formulation/PK Y ’
— Clinical Time to success > 8 years
PD . Global trend:
Chom — formulation Target-well-defined Me-Too
em I = pk > Clinical IPR protection limited
ADMET 6-8 years
/Chemis"y My approach:
ADMES i =Clinical ADME-driven design for
PD/PK PD/PK optimization
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Modeling
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