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MEETING REPORTS

Highlights from the Society for Medicines Research
Case Histories in Drug Discovery and Design meeting
held December 4, 2003, in London, United Kingdom.

Successes In Drug Discovery
and Design

_ Summary
by the SMR Committee The Society for Medicines Research (SMR) held a one-day meeting on case histories
in drug discovery on December 4, 2003, at the National Heart and Lung Institute in
London. These meetings have been organized by the SMR biannually for many years,
and this latest meeting proved extremely popular, attracting a capacity audience of

Dr_ Helmut Haning (Bayer more than 130 registrants. The purpose of these meetings is educational; they allow

Healthcare, Germany) Openecthose interested in drug discovery to hear .ke)./ learnings from recent successful drug
the Society for Medicines discovery programs. There was no overall Illnklng theme betvyeen the talks, other than
Research (SMR) meeting on case hi<each success story has led to the introduction of a new and improved product of ther-

A ) 9 “apeutic use. The drug discovery stories covered in the meeting were extremely varied
tories in drug discovery on Decembeang, put together, they emphasized that each successful story is unique and special.
4,2003, at the National Heart and Lun(This meeting is also special for the SMR because it presents the “SMR Award for Drug
Institute in London. He described theDiscovery” in recognition of outstanding achievement and contribution in the area. It
story behind the phosphodiesterase should be remembered that drug discovery is an extremely risky business and an
(PDES5) inhibitorvardenafil, which is extremely costly and complicated process in which the success rate is, at best, low.

used to treat erectile dysfunction.© 2004 Prous Science. All rights reserved.
PDE5 is a 99 kDa homodimeric
enzyme of the PDE family comprising
11 members. It is characterized by it

specificity for cGMP and allosteric o °

binding sites for the substrate. It is

known that suitably substituted puri- HN N xanthineoxidase HN N
nones can behave as bioisosteres f )ji > = )jﬁ D—on
cGMP and are potent PDE inhibitors RT N RTONT N
However, the team at Bayer demon

i <
strated tha.t althoth the pu“.none'Fig. 1. Xanthine oxidase plays a major role in metabolizing the purinone nucleus through
were potenin vitro, they lackedn vivo

g . hydroxylation.
efficacy. These researchers recognize
early on that xanthine oxidase plays _ _
major role in metabolizing the puri- & heteroatom may increase the metabcAmong those systems, the imidazof5, 1

none nucleus through hydroxylationic stability of the heterocyclic core. A f][1,2,4]triazin-4(3H)-ones (Fig. 2)
(Fig. 1). The Bayer team hypothesize(great variety of purine-isosteric hetero-turned out to be the optimal heterocyclic
that substitution of the carbon atom foicyclic systems were synthesized core for inhibition of PDES.
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Fig. 2. Optimal heterocyclic core for inhibition of phosphodiesterase 5.imidazo[5,1-f[1,2,4]tri-
azin-4(3H)-ones
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Fig. 3. Phosphodiesterase 5 inhibitors to treat erectile dysfunction.

With the use of this heterocyclic sedative but was removed from the

unclear, Celgene began a drug discov-
ery program at the end of 1992 to
discover thalidomide analogues with
improved activity that lacked the side
effects of teratogenicity, neuropathy,
constipation and sedation. This re-
search resulted in the discovery of a
new class of thalidomide analogues
termed IMiDSM. The IMiDs are
thalidomide analogues with greatly
improved in vitro activity that show
potent antiinflammatory activity
and anticancer activityRevimid¥
(ENMD-0997; Fig. 4) andActimid™
(CC-4047 Fig. 4) are potent inhibitors
of not only TNFe (ICsy > x2000 that
of thalidomide) but also a range of
cytokines and cyclooxygenase-2
induction. Like thalidomide, the IMiDs
also possess a chiral center that rapid-
ly epimerizes. ImportantlyRevimid
displays none of the teratogenetic,
sedating or constipating side effects of
thalidomide useRevimidalso displays
excellent bioavailability in the rat, dog
and monkey (>50%) and is currently in
a number of early to late clinical trials.

Dr. Stan Vanboeckel (Organon,

skeletonvardenafil (Fig. 3) was dis- market when its use as a treatment N Netherlands) took the audience on

covered and was determined to be dbr morning sickness was linked to
least an order of magnitude moreserious birth defects. The serendipitou
potent thansildenafil (Fig. 3), while discovery of its antiinflammatory

a journey focusing on the discovery

and development ofondaparinux

also displaying greater selectivity withactivity in the mid 1960s for the treat-
respect to PDEL. In addition to thement of erythema nodosum leprosun
heterocyclic core, the two molecules(ENL) in leprosy resulted in its
differ in the substituent on the piper-renewed use. The discovery of thalido
azine nitrogen. It was clearly demon-mide’s tumor necrosis factar-
strated that the superior potency iTNF-a) inhibitory activity, antiangio-
due to the change in the heterocyclegenic activity and clinical efficacy in
however, the potency enhancementancer trials has resulted in renewe
observed cannot currently be explainednterest in thalidomide and its ana-
through X-ray co-crystallization analy- logues. Celgene began development
sis. Vardenafil is also more potent tharthalidomide in 1992 and received U.S
sildenafil in the conscious rabbit modelFDA approval in 1998 for the treat-
of erectile dysfunction. Clinically, var- ment of cutaneous manifestations o
denafil reaches its L, early and is ENL in leprosy. The major use of thali-
efficacious in more than 90% of domide in the United States is now ir]
patients. Side effects have been reporbncology, with particular focus on
ed to be mild and transient. blood cancers. A large number of
clinical trials have demonstrated clini-
Dr. George Muller (Celgene, cal efficacy of thalidomide in the
U.S.A)) gave a presentation focusingreatment of multiple myeloma. Thali-

on the history, and current and futuredomide is currently being investigated
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therapeutic indications fothalido- in more than 140 clinical trials.

Fig. 4. Thalidomide and analogues that

mide (Fig. 4). By the late 1950s, Because the mechanism of actionnow antiinflammatory and anticancer

thalidomide had become a popularelating to the side effect profile was

214

activity.
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sodium, a story that involved 50-70 Site of metabolism

steps in the synthesis of a clinical can

didate! Since 193@eparin has been L
used in clinics for the prevention ang

treatment of thrombosis. Its main ‘

antithrombotic activity is in its ability
to potentiate the activity of the serine

protease inhibitor antithrombin Il HC™ ‘ (Hy ~ Basicamine
(AT-III), which inactivates a number of o ™>ANy

serine proteases such as thrombin ai O :

factor Xa in the coagulation cascade /4 TR

By the end of the 1970s, heparin frag
ments, obtained by chemical or enzy
matic degradation, had been isolate
by affinity chromatography on immo- . L
bilized AT-lll. From these studies, it O™y
was deduced in 1981 that a unique pe ¢ O O
tasaccharide (PS) fragment that occu °

in about one third of the heparin poly-

saccharide chains constitutes the min phenol L O N\

mal binding domain for AT-IIl. The PS HO S O
fragment (also known as the DEFGH ? OH

Stilbene
basic amine

part of heparin) was synthesized a col
ple of years later to confirm the earlie
proposal. A key moment in the discov;
ery of fondaparinux sodium was wher
the researchers recognized that thFig. 5. Selective modulators for the treatment of postmenopausal osteoporosis.
metabolically liable cyclic acetal could

be stabilized via methylation. This ] ]
modified synthetic PS fragment wasAT-!ll. and by the contemplation of ment of postmenopausal osteoporosis.

found to elicit a very selective anti- Molecular modeling data, a simplifiedThe first estrogen antagonist was dis-
thrombotic mode of action, in that it AT-IIl/PS interaction model was pos- covered in the 1950s, aridmoxifen
only accelerates the AT-lll-mediatedtulated. On the basis of this model, affFig. 5) was approved in 1973 for the
inhibition of coagulation factor Xa but €xtra sulfate group at position 3 of unitireatment of breast cancer, although the
not that of thrombin. Interestingly, both H of the naturally occurring fragment therapy was later discontinued after it
Organon and Sanofi Synthelabowas introduced. This extra-sulfatedyas found that tamoxifen was a partial
arrived at the same molecule (ORG2analogue displayed higher affinity 5qonist in uterine tissue. This uterine
31540/SR-90107; fondaparinux sodi-toward AT-lIll and an enhanced AT- aqonist activity has been associated
um), and as the project was perceivedll-mediated anti-Xa activity. Subse- it an increased risk of endometrial
high risk, the two companies decidecduent attention turned to a simplified ancer The desire was to identify an
to collaborate. The results of fourSeries In which all hydroxyl groups agent that would antagonize the effects
phase Il clinical trials demonstratedwere methylated and in which all ;" 50en on the mammary tissue
Itg\?vtrFr’Slgg?j\ll;:e; a superior gﬁniiﬂt ?gegzﬂlgg g?g%%@slxvfgg Srgfi’ic‘ivg{whne mimicking its effects on the
venting deep-vein?hroml:r:)osis in n?ajoralI analogues methylated at th®©znd bone. Interestingly, the geometrical

) . . e : . . isomers of tamoxifen have opposing
orthopedic surgery patients, with an3-O positions of both uronic acid moi- " logical activiti It hvoothe-
overall relative risk reduction of 50% eties were prepared. One of thes8i0l0gical activities. It was hypothe
and a similar safety profile. In 2002, methylated analogues S&nOrg- sized that structural changes to the
the FDA approved this PS as a newd4008 idraparinux sodium) turned ligand may mfluence the conformation
antithrombotic drug calledArixtra®.  out to be highly potent. This analogue®f the receptor/igand complex and
The specificity of the interaction of the binds much stronger to AT-IIl (k= 20  thereby affect which estrogen-respon-
PS with AT-lll was confirmed when nM), relative to the PS (k= 700 nM), SIVe€ genesare quulated In various tis-
PS analogues were synthesized anaind as a result its elimination half-life Sues. SAR analysis focused on varying
tested for inhibition of blood coagula-is much longer. the central template, with particular
tion factor Xa. Structure—activity rela- attention on identifying a replacement
tionship (SAR) analysis established Dr. Jeffrey Dodge (Lilly, U.S.A.) for the stilbene scaffold. From this
which of the charged groups playedalked of the quest for selective estroanalysisyraloxifene (Fig. 5) was iden-
an important role in the activation of gen receptor modulators for the treattified in the early 1980s.

benzothiophene
Raloxifene
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some, the first cancer-related genetic

O abnormality to be recognized. The dis-
o >N covery hinged on the clarification of
A~ the role of Ber-Abl in CML, which

O‘ O later provided Novartis with the unique

O o opportunity to discover and develop

\ this targeted anticancer therapy.
\ O
O S HO S The Novartis effort toward the dis-
HO covery ofimatinib (Fig. 7) started with

a desire to discover potent, selective
1l and orally active ATP-competitive pro-

Fig. 6. Compounds prepared to establish whether the benzothiophene ring system or car- ter:n klr;asg |nh|b|t9r§ b.ased onacentral
bonyl hinge was responsible for the enhanced tissue selectivity in raloxifene. p fi‘l’ly ammo'py”mldme templatc—;‘.
This scaffold was thoroughly opti-

mized, eventually leading to com-

The biological activity ofralox- coplanar orientation for tamoxifen.poun(_jsk.With %)tinécacgvity”againslt
ifene differs from that otamoxifenin ~ Thus, it was hypothesized that thirOtem inase C ( )- Excellent cel-

OH [2]

that it is an antagonist in uterine tissuecoplanar orientation of the side chainUla’ activity was obtained with ana-
Compoundd1] and[2] (Fig. 6) were of tamoxifen and compound [1] were ogues be_a_lrlng a -:pyrldy_l group at
prepared to establish whether the berresponsible for the uterine stimulationth€ 3 Position of the pyrimidingy[;
zothiophene ring system and/or carobserved. Fig. 7). During the optimization of this
bony! “hinge” was responsible for the structural qlass on t_he |_nh|b|t|o_n of
enhanced tissue selectivity. The 2003 SMR Award for Drug PXC. @ serine/threonine kinase, it was
Discovery was presented to the ke>pbserved that the presence of an armde
In compound[1], the hinge car- members of the team that led to the disdr@UP On the phenyl ring also gave rise
bonyl has been removed, while in comcovery ofimatinib (Gleeve&; STI- 0 inhibition of tyrosine kinases, such
pound[2], the orientation of the basic 571), developed for the treatment oS the Bcr-Abl kinasef4]; Fig. 7). In
side chain has been rigidified by incor-chronic myeloid leukemia (CML). this case, the amide bond was required
poration of the carbonyl into a ben-Juerg Zimmermann, Elisabeth Buch-{0 be stable toward hydrolysis because
zopyran ring. Interestingly, while e dunger, Ulrike Pfaar, Peter Graf, Johrfhe release of an unprotected diamino-
vitro estrogen action of compounds [1]Ford and Renaud Capdeville, key sciPhenyl moiety has to be avoided to
and [2] were similar, compound [1] entists from the Novartis programexclude potential toxicological issues.
produced a significant increase in uterteam, each received a framed certifiln fact, high hydrolytic stability could
ine eosinophilia and uterine weight.cate in recognition of their achieve-be achieved with derivatives with
From the SAR analysis, it was apparment, presented by the chairman of th&: = Pphenyl. However, selectivity
ent that the hydroxylation pattern wasSMR, Dr. Malcolm Duckworth. Dr. Was the next hurdle, since these com-
important for receptor binding arid  Juerg Zimmerman delivered the awardPounds inhibit PKC as well as tyrosine
vitro activity, and the presence andlecture. Until recently, a patient suffer-Kinases.
nature of the basic side chain was criting from CML, a cancer of the blood
ical for determining estrogen antago-cells, had few options. Radiation, the Atthis point, a key observation was
nist activity. However, the shift from first treatment for CML, was intro- made from analysis of SAR: substitu-
an acylic olefin itamoxifen to a ben- duced in the 1920s. Chemotherapeutiion at position 6 of the diamino phenyl
zothiophene system iraloxifene is agents followed in the 1950s andring was not tolerated for PKC inhibi-
the most striking structural difference1960s. Superior to radiation therapyfion. Indeed, introduction of a simple
between the two molecules. Dodge andhemotherapy increased survivalflag-methyl” led to loss of activity
co-workers proposed that it was thisamong patients with CML to about 5against PKC, while the activity against
modification together with the inclu- years. Bone marrow transplantatiorprotein—tyrosine kinases could be
sion of a carbonyl “hinge” that was arrived in the 1970s, and interferon alfaetained or even enhancgd]( Fig. 7).
responsible for the differences in tissualebuted in the 1980s. Of all these treatDisappointingly, the first series of
selectivity observed between tamox-ments, only bone marrow transplantaselective inhibitors that were prepared
ifen, raloxifene and compounds [1] andtion currently provides a potential showed low aqueous solubility and
[2]. Modeling studies suggested that'cure,” that is, long-term remission poor oral bioavailability. This draw-
these simple modifications produce d@rom cancerous cell growth. Imatinib back was eventually circumvented by
dramatic change in the position of therepresents a remarkable story thathe introduction of a solubilizing side
basic side chain from a nearly orthog-began more than 40 years ago with thehain in a region of the molecule that
onal orientation in raloxifene to adiscovery of the Philadelphia chromo-did not interfere with the binding
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when omalizumab binds to the IgE.

_N N/\ Omalizumab was also designed to be
- | N i K/N nonanaphylactogenic because of the
Z \lr ScH, fact that it is unable to bind to IgE

~_N o already bound to the high-affinity IgE

H,C N receptors of mast cells. Omalizumab

Imatinib z | H binds to free IgE, forming a biologi-

X /N\rN cally inert complex that is unable to

S |N bind to effector cells, therefore block-
ing the allergic response of asthma. By

3] adjusting omalizumab’s dose accord-

. N ing to body weight and IgE levels, IgE
~ | x H | N H o o can be reduced by up to 95%; this also
A /N\rN N\n/Rl X z T \ﬂ/ leads to a downregulation of the high-
~ |N \©/ L N o affinity IgE receptors on basophils and,

7 potentially, mast cells. The results from

[4] [5] clinical trials of more than 6,000

ients indi hat treatment with
Fig. 7. Potent, selective and orally active ATP-competitive protein kinase inhibitors that led pat e. ts indicate that treatment t
to the discovery of imatinib. omalizumab reduces asthma exacerba-

tions, time to exacerbation, inhaled

corticosteroid use, rescue medication

use, asthma symptom scores and

gealthcare utilization. Omalizumab
as approved in Australia in 2002, and
June 2003 the FDA licenselair

for the treatment of adolescents and

adults with allergic asthma.

affinity. Importantly, this modification Dr. Howard Fox (Novartis, U.K.)
dramatically increased not only aque-delivered a lecture that focused on th
ous solubility but also the oral bio- developmental issues overcome alon
availability. The attachment of basicthe journey to the discovery omal-
groups at 4 position of the phenyl ringizumab (Xolair®), an antibody and a
did, however, raise an “aniline alert”first-in-class treatment for asthma.
(mutagenic potential), which had to beDevelopments in the antiinflammatory i i
avoided. This was achieved by thetreatment of asthma currently provide 1€ final lecture of the meeting
introduction of a spacer between thepatients with more choices for reduc-focuséd on emerging treatments for
phenyl ring and the nitrogen atom. Theing and controlling the symptoms asso@Pi0id dependence and was delivered
best compound from this series was theiated with the disease. Inhaled cortiPy @ former SMR chairman, Dr. Chris
methyl-piperazino derivativBTI-571,  costeroids, prescribed since the 1980&hapleo (Reckitt Benckiser Health-
which was selected as the most promisaelp control airways inflammation, ¢are, U.K.). Efforts to tackle the pro-
ing candidate for clinical development.and inhaled short-acting ,Breceptor Dléms associated with opiateefoin)
STI-571, which eventually came to beagonists provide symptom relief for2ddiction are driven by the recognition
known asGleevecwas the first protein asthma patients. Since then, incremerf2f @ need for effective harm reduction
kinase inhibitor to reach the markettal advances in asthma treatment haveolicies. This encompasses a range of
and was also the first example of a tarled to the development of inhaled long-2ctivities and issues including health
geted drug therapy for cancer. Notacting B agonists and oral leukotriene@nd risk behaviors from transmission
since the interferon craze in the earlyantagonists. Despite these advance8f HIV and hepatitis, criminal behav-
1980s has a cancer drug captured thesthma remains a heavy financial andPr and social functioning. Mainten-
public imagination like Novartis's STI- social burden for many of the +3 mil- ance therapy (also referred to as sub-
571. It won approval from the FDA onlion U.K. patients. Omalizumab is Stitution therapy) has a clear role to
May 10, 2001, for the treatment ofthe first recombinant DNA-derived play in any program aimed at reducing
CML after a lightning-fast 2%-month humanized monoclonal antibodyharm associated with addiction.
review. It represents a monumentatleveloped to intervene in the criticalMethadone, as a once-a-day therapy,
leap forward in cancer chemotherapycommon pathway of pathophysiologi-has been the maintenance therapy of
It proves a principle. It justifies an cal expression of asthma and allergyghoice for more than 30 years.
approach. It demonstrates that highlynamely immunoglobulin E (IgE). Unfortunately, methadone is also high-
specific, nontoxic therapy is possible.Omalizumab consists of a humanizedy addictive, resulting in overdose situ-
It does not guarantee success of simigG1k framework (95%), with a vari- ations, and it is also very difficult to
lar efforts, because CML may not beable murine antibody sequence (5%gpchieve a state of abstinence because
typical of most other malignancies.grafted onto the framework. This of severe withdrawal problems. Even if
Congratulations to the Novartis teamavoids any potential sensitization topatients successfully reduce their dose
for accomplishing the equivalent of themurine antibodies, as they are nountil they reach the drug-free state, it is
4-minute mile. detected by the human immune systerastimated that 90-95% of patients
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administered sublingually, and it has
been shown that the drug does not

N/W N/VCHZ
CH, OH interfere  with buprenorphine’s
« )2<CH3 ol absorption or pharmacological effects
O "'” o when administered in combination by
o™ HO : Ho o™ 3 the sublingual route. The optimum

HO 0—CH, . X .
c ratio of buprenorphine to naloxone in a

Buprenorphine Naloxone HCI combination product is 4 to 1, and this

Fig. 8. Opioid antagonists for the treatment of narcotics dependence. combination is sufficiently unpleasant

to the opioid-dependent individual
who might abuse the product, but it

relapse. Buprenorphine’s (Fig. 8) Buprenorphine also possesses and0€s not attenuate the “good” opioid
potential as a treatment for heroinimproved safety profile. In a dose-2donist effects. Taken sublingually, the
addiction was first recognized duringranging study with sublingual dosescombination productSuboxon® is
the 1970s. Discovered in 1966,0f 1-32 mg, a nonstatistical decrease igduivalent to the buprenorphine-alone
buprenorphine was developed as aespiration rate at the 4-mg dose leveproductSubuteX. However, if abused
potent analgesic of the morphine classvas observed; thereafter, no furtheintravenously, the combination product
in 1978, from which time effort decrease in respiratory rate was obprecipitates withdrawal in opioid
focused on buprenorphine’s potentiakerved as the dose increased. Bloodependents and is perceived to be
as a new indication for addiction treat-levels increased over this dose rangejaloxone by those who inject the prod-
ment. Its unique qualities result from itthus, decreased absorption was not act. New dosage formulations were
being a partial agonist at the mu receppossible reason for decreased effect ogssential to clinically probe the safety
tors in the brain. Other agents actingespiration. Tolerance is another aspecind efficacy of buprenorphine and to
at this receptor (heroimorphine and  of full agonists that is a major concerndetermine the dose range for treatment.
methadone) are full agonists, producin addiction treatment, where addictsas buprenorphine is not orally active,
ing very high levels of physical depen-over a period of time have to consumey number of routes of administration
dence. The physical dependence dfigher levels of their opiate to achievenhaye been examined, and for conve-
buprenorphine has been evaluated ithe same effects. Addicts who haveyience a sublingual liquid has been
rodents, dogs and monkeys, and istopped “consumption” are in danger ifjeyeloped.

markedly lower than that of full ago- they return to their habit, using the

nists. Current evidence supports th&ame dose level used prior to the peri-

theory that the low level of physical od. Buprenorphine does not suffe

r ; .
withdrawal following chronic bupre- from this tolerance problem, which in The SMR Committee organizes confer-
&nces on behalf of the Society for

norphine treatment is due to sloweffectis a measure of its safety. As wit . .

receptor kinetics. Therefore, whenall opiates, buprenorphine has been t edicines Research four times a year.
drug administration is stopped aftersubject of abuse by the injectable route "€S€ 0ne-day conferences are of a
chronic dosing, buprenorphine leavesand diversion of products COntainmgmulndlsmplmary nature, therapeutlj
the receptors very slowly, such thatbuprenorphine has occurred in a numc@/ly focused and normally staged in
the biochemical systems involved inber of countries. or around London. Details about forth-
the dependence process return to their coming meetings can be obtained
pretreatment levels while maintaining  Naloxone(Fig. 8) is a competitive from: SMR  Secretariat, Triangle
homeostasis. With the full agonists,mu antagonist and produces an opioidfiouse, Broomhill Road, London,
opiate withdrawal results in an abruptwithdrawal syndrome when adminis-SW18 4HX, U.K. Tel: +44 (0)20 8875-
return of the system to predependenctered intravenously to an opioid-2431; Fax: +44 (0)20 8875-2424;
levels, and this is responsible fordependentindividual. However, nalox-E-mail: secretariat@socmr.org; URL:
“spontaneous withdrawal.” one is not well absorbed whenhttp://www.socmr.org.
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