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DiscoveryGate

in medicinal chemistry and
cancer research

by Dr. Guido Kurz,
CNIO Centro Nacional de Investigaciones Oncologicas
(Spanish National Cancer Research Center), Madrid, Spain

esearchers can eliminate undesirable leads early in the lead generation
process by quickly accessing information on pharmacological
effects, side effects and drug-drug interactions for compounds or
compound classes of interest, as well as their corresponding metabolites.
The DiscoveryGate online platform supports this timely drug assessment by
providing researchers with quick access to a wealth of information, all from within

the same system, from data sources which are otherwise dispersed. (continued on page 12)


http://www.mdl.com/products/knowledge/discoverygate/index.jsp

Customer Connections Molecular Connection 2007 Vol 25 No 3

(continued from page 11) Case Study

Let us assume that we are interested in checking information known about
the reference compound gefitinib, specifically the existence of clinical and

pre-clinical data, synthetic protocols and commercial vendors.
The CNIO -
has adopted o™ N cl
K/N ~ 0

Gefitinib (Iressa®) is a known EGFR inhibitor
~ /) recently approved for lung cancer therapy.
0 N

DiscoveryGate

because it offers

Let us further assume that we also work on Epidermal Growth Factor Receptor
: EGFR) inhibitors and want to check their adverse clinical effects. Like Iressa, our
chemists and  EG™H) inhibite . eir . . :
compound of interest contains a solubilizing morpholine and we want information
on its mechanism of action. We need to either buy or synthesize Iressa to use it
blOlOngtS access as a reference standard in our preclinical tumor models.

. 1. Search the PharmaPendium™ database for adverse effects and drug
tO a w1de Tﬂnge safety information (Figure 1). PharmaPendium provides a wealth of clinical and
pre-clinical information on Iressa including:

of information  FDA Approval Package:
¢ Medical/clinical review with description of clinical trials, key efficacy findings,
metabolite profile in humans (with structures), full PK parameters, toxicity findings
(>200 pages)
¢ Pharmacological review (preclinical activity, PK and toxicity in different species (>120 pages)
between the + Chemistry
¢ Label

two diSCiplineS e Mosby’s Drug Consult™ (Drug Monographs)

¢ |nformation spanning clinical pharmacology data, pharmacokinetic data, mechanism
of action, distribution/metabolism/excretion, drug-drug interactions, etc.

e Meyler’s Side Effects of Drugs

at the interface

[FHome ] Drugs ] adverse Efects / Tosicity

Gefitinib - FDA Approval Package
Label 021399/8-008 ( un-

Blseeacory = 32 @ %4 »l )| I et IR R sin - w1
El i HE

FOR ONCOLOGY USE ONLY 4

4 ) 2008015 roress)
Chermistry Review > Chemistry
Review 021393,

DESCRIPTION
T tablets) contain 250 mg of SRAGY and are available as brown film-coated tablets

5 2009 mays coreih) for daily oral administration
Label > Label 021399/5-000 -

(G i an anilinoquinazoline with the chemical name +-Quinazolinamie, N-(3-chloro-4-
y-6-[

i lin) propoxy] and the following structural formula:
abe\ > Labe\ DZISQQZS 003 g
e
xREssAD(g fitinib tablets) cc 7
P
5 s inehis cocument fl ['Home J Drugs ] Adverse Effects / Toxicity
: @ ssarch Tio:s D sl
7 ) 20059un-17 Foresek §
Label > Label 021399/5-008 e
THESSA B (3eftinis tabiots) contor Gefitinib - FDA Approval Package
S0 ms 5
Label 021399, 00! 7
Found 108 timas i s documen =
o8 times in ¢ o= - =
. Bovesce S B @, B0 | ) Iows | @ 1| 13] © [ - @ | B3] B - | fom- | 0
4 ff) 20030ul-15 FDF(453K) Table 3: Drug-Related Adverse Events with an Incidence of > 5% in either 250 mg or 500 mg >
Chemistry Review > Chemistry. Dose Group -
Review 021399/5-000 1
) Number (%) of Patients
Drug-related adverse eveat' 250 mg/day 500 mg/day
d (N=102) (N=114)
5 ) 2003-May-5 POREITL 9% %
Label > Label 021399/5-000
5-2-03 IREGEA ™ (gefiinib tablats) Diarrhea 49 (48) 76 (67)
550 mg
Found 197 fmas i this documant ol Rash 44.(a3) 61(54)
E i Acne 25 (25) 37(33)
6 ) 2004-May-7 POR(I%K) g Dy skin 13013 30(26
Label > Label 021399/5-003 £ iy s 3) @6
U b Nausea 13(13) 20 (18)
2 Vomiting 12(12) 10(9) 1
£ Pruritus 8(8) 10(9)
7 ) 20052un-17 ror(esek 8
= Label > Label 021393/5-008 e Anorexia (M 11(10)
oncoLoay use oy pescRIPTION
IRESSA O (gefitinib tablets) c Asthenia 6 56 a8
250 m | —
Found 108 imas i this documant ol @ KA sz b b O T= W

Figure 1: Adverse effects of Iressa from the Label in the FDA Approval Package (search

parameter highlighted in results) (continued on page 13)


www.mdl.com/products/knowledge/pharmapendium/index.jsp
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(continued from page 12) Conduct a Drug search for Iressa to display adverse effects/toxicity results (Figures 2 and 3).

: @ pslp

|"Home JiBRigEI] Adverse Effacts / Toxicity

ettt _

E-Antinenplastics, signal transduc

| Eefitinit Brands: Geftinat; Iressa
Documents: [ Fpa approval package
Drug from Moshy's Drug Consult ™™
Drug Classes: ics, signal transduction inhibitors
Targets: Tyrosine Kinases

Adverse Effects / Toxicity *:

preclinical Clinical Post-Market
Data Data Reports (AERS)
view all 131 view all 381 view all 6488

Abasia 3
Abdominal compartment syndrome 1
Abdominal discomfart 3
Abdorminal distension 1
Abdominal haematoma no data 1
Gdeioo)
abdominal pain o dbi 5 44 1
Abdominal pain upper no data 7 1

< >

Figure 2: Clicking on the hyperlink under Clinical Data for Abdominal pain displays the clinical
data for Iressa

pharma

th drug safety resource

Liome J russ J waverse etecs { Tosicty § Torgets

@ search Tips (@ Help

All These Sources

al Data for Gefitinib AND Abdominal pain

Preclinical Data () Post-Market Reports (AERS) (44)
Filter Data
Sources: Dose Type:

[ Fpa approval packages (6) | [ Repeated (6)

Centro Nacional de Investigaciones viewing 6 of 6
Oncologicas (CNIO)

1 Gefitinib ‘Abdominal pain FOR spproval package document 2003
drug info Medical/Clinical Review (Page: 11
el Revew (Fage 1)
Eoriacess
3 Gefitinib abdominal pain human 250 mg/day Repeated oral :Auﬂdsw‘vv&/pscka‘gée’mmenrp 2 2003
H H ledical/Clinical Review (Page:
ocated in Madrid, the Centro S riea keven (Page:22)
4 Gefitinib abdominal pain human 250 mg/day Repeated oral FDA sporoval packaga document: 2003
55 o ]
Nacional de Investigaciones (Wowe ] oo T dovorse s oy L roges ki
. . Help.
s I
Oncologicas (CNIO) was founded in 1998 : -

as Spain’s National Cancer Research FDA Approval Package
. . . . al Review 021399/5-000 Part O: 5)
Center. With approximately 400 scientists e — Samacor ) B @, Hsewen | O I st Gl L@~ (] 2] © [1% | © {03} 85 - B f St 1
d . b . d | d h 2009215 p0F (62010 ( Table 51: Drug-related adverse events in the Phase 11 and I multiple-dose patient
engaged in basic and applied research, HesicalCingal fovew wals |
such as molecular diagnostics and drug e Ty | AU dme
021399/5-000 Part 01 el nal s
discovery, the mission of the CNIO is to: w1 et s T
021399/5-000 Part 02 Diarthea 49(48.0) 7’5(‘66_7') AIIF(JH) 6:7 .5‘) ;:(;2.;) 3‘1“(-4.\.})
P e Has My DO ey B i 5
e Carr t h driving t d v Al Dry skin 3021 30063 B @D 160 e
Y Out researc riving towaras 2 bonolon Sovsn I Naes E:}fg 20‘:&1‘4’) u“(sli.ﬁ Base 793) 1206.7)
FErinted Labeling I3 famiting E 10(8.: 4 1 (19.8) (5.3) 5(6
the discovery of new and effective . ! L Wp R clew Mes kg b
d. t f t t Administrative documents 2 Q:m:mn 6(;.:) 5(4.49) . a(;&) l;(;gn) ls(TZy 15(1:)
iagnostics for cancer patients * Sttt s B 27 BD 82 M 193 L
. . e Other Important ° e x y . .
e Bring scientific breakthrough to the fom 04 N " 35e a8 3w iy wod B
clinic to ensure advancement is —
translated into a reality for patients Figure 3: Adverse effects of Iressa in primary FDA report provided by PharmaPendium.

within the National Health System

e Transfer CNIO-developed technology

2. Search for Iressa in xPharm®, a database of pharmacological information that maps the
to innovative companies

interactions among agents, principles, targets and disorders for drugs (Figure 4).

e Create a new and efficient manage-
ment system, to break away from the — =
traditional Spanish model DiscoveryGate'| xPharm® k: 1“)\)}—{_ ol

Home contents (LN o Targets Disorders | Principles |
Quick 0/ | within | Al <Pharm ~| Go Search Tips | About | Loaout

The CNIO is one of the few European
Cancer Centers to allocate resources to
both basic and applied research in an

Search Results within xPharm

Your Saarch: imessa

viswing all 3 results

1. || cefitinib

integrated fashion, thus supporting the 2. || Brain Cancar

interaction of basic research programs ? I Tyrosing Kinass tobiutors

with those of molecular diagnostics and Figure 4: xPharm search results for Iressa showing related records (color coded): two orange
drug discovery. codes for Agents (the Iressa concise drug report plus a monograph on tyrosine kinase inhibitors)

and one purple color code indicating a Disorder.

For more information: www.cnio.es (continued on page 14)


http://www.mdl.com/products/knowledge/pharmapendium/index.jsp
http://www.cnio.es
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(continued from page 13) Click on the Gefitinib record to review the concise drug report. In xPharm, all
references are color coded and records are cross referenced (Figure 5).

Pharmacokinetics

; when 14C-labeled getinib was administered orally to albino and pigmented rats, radioactivity was widely and rapidly distributed, with the highest levels being found in liver,
lscovery a e kidney, lung and gastrointestinal tract, whereas low levels were found in brain. Levels of radioactivity persisted in melanin-containing tissues (pigmented eye and skin).

When administered either orally or i.v., excretion of radioactivity of 14C-labeled getinib by sither rat, dog or human occurred predominantly via the bile inta feces, with <7%

of the dose being eliminated in urine McKilop et al (2004)

Rat
)
rovides database
value Units Ru‘:m of Reference Comments
admin.
J\hsurvlinn
Bioavailability
Distribution
content tha rm—rTTT™
Flasma Frotein Binding B7.5+05 W i MeKillop et sl (2004 Male (binding independent of dose)
Flasma Frotein Binding Bzt1d % . MeKillop et al (2004 Fernale thinding independent of dose)
Metabolism
Plasma Half-Life 2 hrs i MecKillop et al (2004
Bio Half-Life 72 hrs orally MeKillop et al (2004 65% of the administered radioactivity is recovered.
S ans t e m Clearance 70 o i, MEK\HDE et al (2004 Within 24 hours
Routes of El i Feces.
Potency

.
Prep. Em
1scovery spectrum, P TN S,

Route of Line/Type Point
min.

Female athymic mice (BALB/c, nu/nu)

Kuwahara etal  Mean tumor volume in the gefitinib-treated group was significantly smaller than
Zz004) that in the vehicle-treated group by day 31

ﬂom targg-et ECS0 10-12 pmold MElignant rhabdoid MRT coll  |Growth Kuwshara etal  Gefikinip ot 150 marke had a cytostatic effect an established MRT xenagrafts

DOSE 150 ma/ka orally

Other Information
. .
validation to s stes:
FDA information on gefitinib: http://www.fda.gov/cder/fai/label/2003/021399lbl.pdf
Gefitinib infarmation from MedicineNet: http: //www.medicinenet.com/gefitinib/article.htm
. .
clinical data fter foadns:
L]

Isabe, Herbst, Onr, Current management of advanced nan-small cell lung cancer: targeted therapy, Semin, Oncol,, 32(3) (2005) 315-328,

Reck, Gatzemeier, Gefitinib ("Iressa’y: a new therapy for advanced non-small-cell lung cancer, Respir. Med., 99(3) (2005) 298-307
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Figure 5: Pharmacology data (PK and PD) on Iressa in xPharm. Scrolling to the end of the record
displays useful links to the primary literature, reviews and related Websites.

Click on the Tyrosine Kinase Inhibitors record to review target class and
competitor compound information (Figure 6).

DiscoveryGate' xPharme ¥ ‘\ﬁ)\ _{
Home contents IR Targets Disorders Principles

Quick 9] |within | All <Pharm V| Go SearchTipe | Abous | Lonout

Mary 1, Cismawski
Click here to cite this article,

Introduction

The tyrosine kinsse inhibitors are s farmily of small molecules or peptides with the atilty to inhibit sither cytosolic or raceptor tyrosine kinsses, Inhibition by this class of
agents is through direct competition for TP binding to the tyrosine kinase

), allosteriz inhibition of the tyrosine kinase (lavendustin A), nhitition af ligand Binding Ta toceptor Girosine KiHses (010,
kmase ihtaraction with ather proteins (e.g., UCS154, 12} or destabilization of the tyrosine kinase (e.g.
tyrosine kinase inhibitors are currently not in cinical use, The notable exceptians (
treatment of cancers in which speeific tyrosine kinases have been implicated.

Ly, infiition of tyrosine
and ). The majority of
, cetuimab, Lo, gatiniss Shows promise. s Mo gtedt hardpeittics i the

Human Pharmacokinetics

i, =rlotink, and gedtil are available orally, 121 is available as an intravenous injection,

Targets-Pharmacodynamics

oSNy eIl b tyOGE Kinasa anc Tt Bncnars m;mn form Ber-abl. Imatinib also targets the tyrosine kinase c—Kit and the platelet derived growth
factor (PDGF) receptor tyrosine kinase and sch predominantly targst the epidermal growth factor (EGF) receptor tyrosine kinase, Limitations
in the SrottveneetaF Gaftints hate boen demanstiated i e Ao pmymmpmsms in the EGF receptor sequence Paez et al (2004).

Target Name(s):

Abl tyrosine kinase

Ber-Abl tyrosine kinase

c-Kit tyrosine kinase

PDGF receptor tyrosine kinase
EGF receptor tyrosine kinase

Therapeutics

Figure 6: Compare Iressa with its closest competitor Tarceva

(continued on page 15)
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(continued from page 14)

3. Search in MDL® Drug Data Report (produced by Elsevier MDL and Prous
Science) for drug data information on Iressa (Figure 7).

DiscoveryGate® | MDL® Database Browser

queries results reports

G port  export re export selected citations  page setup print save refine query lists help logout MDL® Drug Data Repart

Befurn o Search Results  view selected records in another database <“=Record #2 Total Records: 2 B
Mlsofound in: ACD Bellstein CCR CIRX CMC DJSM DWPI IndexChemicus MetaCore MetaDrug Metabolie PatentChemisty FharmaPendium PubChem Toxcity

MDL® Drug Data Report Select all citations / Deselect all citations

Available Data
/@f Cliefk on & ink 10 a0k the information o this page
ON L ™ Set curentview as defaut
NYe Substance (1) Madel (1)
Biology (1) Idenification 1)
Use as Query Literature and Patent (1)
I~ Select surtent record

Substance (e

External Registration Number 133069

Praus Entry Numher 233069

Preview Number

CAS Registry Number

Derwvative

Chemical Name :

© 4-(3CHLOR 0-4-FLUOR OPHENYLAMING)- T-METHOXCY-B-{3-(4-MOR P HOLINYLIPROPOXY QUINAZOLINE

Generic Name GEFITINIE < PROP INN; USAN >

Formula ©22H24 GI F N4 03

Molecular Weight 448.9076

Development Phase: Launched

vear 2002 ~

Figure 7: Pharmacological activity information displayed for the Iressa record in the MDL® Drug
Data Report database. ‘Also found in’ links at the top of each DiscoveryGate record offer imme-
diate connections to relevant information on the same compound in other data sources.

Click on the Metabolite link to display the Iressa record in the MDL® Metabolite
Database and return to the FDA Approval Package in the PharmaPendium database
(Figure 8).

DiscoveryGate® | MDL® Database Browser

queries results reports
citations page setup print save refine query lists help logout MDL® Drug Data Report
Return to MOL® Drug Data Report Record# 1= Total Records: 13
MDL® Metabolite Database Select all citations # Deselect all citations
QN;Q{) 5?@
Available Data

Click on & link 1o 20 the information to this page
I Setcurrentview as default

View results as transformations: View results as molecules:
Transformation (1) Parent (1)

Reference (21 Species (7)

Species (2) Substrate (1)
Enzyme () Metabolite (1)

Transformation Results -- Transformation icex
MDL number RMTBO00TEOT1
MTE11370-A, MTB11370-B, MTB11370-C, MTB11370-D, MTB11370-E
1of3, 105, 1of5, 1of5, 1ofd
Scheme MTE11370

Chemical Name and Synanyms :
pharma . (GG oruss | adverso ifects  Tosicity ] Targets |
« Geftinib A ® search Tios @ el

ELEON Al These Sources W Gefitinio

» Browse FDA Package 3|

= Medical/Clinical Review
2003-Jul-15 ADF (1635K)
Medical/Clinical Review Fig. 4 Structures of ZD1838 and its metabolites [Applicant's Figure)
021399/5-000
2003-Jul-15 ADF (2024%)

Wedical/Clinical Review )
021399/5-000 Part 01 -m
2003-1u-15 PDF (2025K)
Medical/Clinical Review D)
021309/5-000 Part 02 -

Pharmacology Review y

Chemistry Review i

Microbiology Review £l

Brinted Labeling _,CK

=

T Commerts "¢ Atechrerts

Label
Approval Letter
Administrative documents

29S80
Statistical Review
Letter 995
Other Important Information
from Foa AL,

oA~ . 2

Figure 8: The results in MDL Metabolite show oxidation of the morpholine moiety in 9 of 13 cases
with data on species and enzymes including references. In the PharmaPendium data, five metabo-
lites are identified in human plasma (CYP3A4). O-desmethyl gefitinib has the same exposure and

EGFR-TK activity, but only 1/14 of its potency in a cell-based assay. With an elimination half-life of

(continued on page 16)
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(continued from page 15)

4. To find purchasing information for
the reference compound, click on the
ACD link to retrieve related records in
the MDL® Available Chemicals Directory
database, the world’s largest collection
of chemical supplier catalogs (Figure 9).

5. We can also synthesize Iressa using
information provided in multiple data
sources containing synthesis informa-
tion, including the Beilstein Database
and Cheminform Reaction Library.
Click on Patent Chemistry to review
synthesis information for patented
molecules including retro-synthetic
schemes (Figure 10).

The records in the MDL Patent
Chemistry Database contain detailed
synthetic protocol information for the
synthesis of Iressa (Figure 11).

In summary, within a few minutes we
reviewed clinical, metabolite, toxicological,
patent and adverse side effects data on
Iressa. Additionally, we accessed the
primary literature and quickly determined
whether it is safe and cost-effective to buy
or synthesize the reference compound.

The DiscoveryGate platform offers compiled
information from various areas of the drug
development process and also provides
access to the primary literature and reports.
The CNIO has adopted DiscoveryGate
because it offers both chemists and
biologists access to a wide range of
information at the interface between the
two disciplines. The platform also provides
database content that spans the drug
discovery spectrum, from target
validation to clinical data.m

Molecular Connection 2007 Vol 25 No 3

DiscoveryGate® | MDL® Database Browser

queries results reports

Copy to repart  export records  export ¢ d citations setup print save refine query lists help logout

MDL® Drug Data Report

Return to MDL® Drug Data Report Record # 1 Total Records: 1

MDL® Available Chemicals Directory

Select all citations f Deselect al citations

. Available Data
/@i Click on a lini 1o ad the information to this page
¥ e
™ Set current view as default

Substance (1) Suppliers (11y

o g i
Piives (11) Magel (1)
Substance ice)
ACD Registry Number 344258
fvaitability Large and small quartiies
MDL Number MFCDO04307832
CAS Registry Number 184475-35-2

Chemical Name and Synanyms :

o AKOS 01371
« GEFTINIE
« IRESSA

Molecular Formula G212 H24 I F N4 03

Molecular Weight 445,908
Rule of Five 0

Computed partition coefficent (CLogP) 37152

Molecular weight of largest fragment 445,908

Number of proton acceptors 7

Number of 1 =

Figure 9: MDL ACD displays pricing, packaging and supplier contact details for the Iressa compound.

p logout MDL®Patent Chemistry Database

Database:

[MDL® Patent Chemistry Database ~2]
FndinRanTrees [ |[next]

Ren Tree | History:

¢\ Substance 107312

Synthetic Scheme for Substance 3832517

-G substance 3832517

. Reaction 5321361 I’% — € '
— < J
Elo  Substance 1844764

| Detals for Reaction 5321361

e L‘%ﬂaof%‘

Reaction 6321360
Detaile for Reaction 5321360

0
| substance 140880
L,

&5-°  substance 3832516

Reaction 5855034

Reaction 9823731

Figure 10: The MDL® Patent Chemistry Database includes information on three synthetic routes
from the patent literature, including two patents from AstraZeneca and one from Natco Pharma.

DiscoveryGate® | MDL® Database Browser

queries

results reports  rsn schemes

port export records  export se tions lists

o print _save refine query help lagout MDL®Patent Chemistry Database

Return to Search Results Record # 1 of 14=

Patent Chemistry Reaction 5321362

&b

UseasQuery  Synihesize Reactant(s
I™ Select curtent record

Find Similar Reactions

Selectal citations ¢ Deselect all citations

Reaction Identification

Reaction Identification record 1 of 1

Reaction I 5321362

Reactant PRN 3832517

DiscoveryGate® | MDL® Database Browser

ies results

reports
ip print

Bport  expe ts help logout MDL® Patent Chemistry Database Version

Reaction Details
product
Reaction Details record 10r 1

Citation o 252803

Reaction Specificatior
Reaction Entry Date
Reaction Update Date

Topic of Interest o Preparation
Example Name 2

Example 2; Preparation of [4- (3 APOS;-CHLORO- 4APOS;-FLUOROANILINO)-7-METHOXY-5- (3-MORPHOLINOPROPOXY)]
quinazoline

 The resultant stied slunywas cooled to about [0.deg.C] and isopropanol (527 lires) was added whilst the temperature of
the reaction mixture was maintained between [0.deg. AND 5 deg.C ] The reaction mass was warmed to about [20.deg.C] and
helel atthattemperature for about 1 hour. A salution of 3-chioro-&-flucroaniline (1 68 kg) in isapropanol (228 lires) was added
and the resultant reaction mixture was stinred and warmed to about [66.deg.C] and held atihat temperature for about 1 hour.
‘The mixture was stired anel cooled to about [30.deq.C] and isopropanol (862 litres) and water (1 488 litres) were added in
turm. & mixture of agueous sodiurn hydroxide liguor (47percent wiw, 755 k) and water (40 litres) was added portionise to
the stirred reaction mixture. The resultant mixture was warmed to about[64 deg.C] and the two liquid phases were allowed to
separate. The lower aqueous layer was run off The remaining organic phase was initially cooled to about (30 deg.C.]
warmed to about [50.deg.C] and Tinally cooled to about [20.deg.C] at a rate of about [10.deq.C] per hour. The resultant solid
was collected by fitration, washe d in turn with isopropan ol and ethyl acetate and dried with warm nitrogen gas [(80.deg.C)]
Thers was thus obtained [4- (3 APOS-CHLORO-4APOS;-FLUOROANILINO)-7-METHOXY-6- (3-MORPHOLINGPROPOXY)]
quinazoline (224 kg), m. p. about (194 deg.C]to [198.dea.C]

Location in Patent o Page11-12

Example Title

Example Text

Product PRN 1483134

Product

Product

quianazoline

.1

Stage Number

Reactant PRN 3832517

Reactant

Reactant

Solvent PRN 18712

Sohvent taluene
Quantity in Selvent Mixture 17901

Figure 11: Detailed synthetic protocol information for the synthesis of Iressa
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