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agtgccttaatatacataatgtatatcccattettattagaactccttaatatacattetctttctttattaacttecttaatecttaatcattetettectetacttaatc
acttccttaatatacataacttatcttccttectaaatttctttacctetatttettaaatttcttcattetettectatttetttattaacttcaggecttaatat:
tetttaacttecttaatatacataactcaatttagtectatettecttcctaaatttctttacctctatttettatttettcattetettectatttetttattaacttcaggecttaata
tccttaatactatttettcttactttet ctttcttaataccattcttcctacgaaatttcttcattctcttcctatttctttattaacttca%gccttaata acataatg
ttaaatttctttattccttaatatactttctactattttactttettetttcttaataccattettcctacgaaatttcttectettectattictttattaacttcaggect
tattactttcttetttcttaataccattcttectacgaaatttcttcattctettcetatttetttattaacttcaggecttaatatacataatgt:
tactttegtactictitattaactttctttaaatttctttattccttaataactttettetttcttaataccattcttecctacgaaatttettcattetettectatttetttattaacttcaggecttaatata
| ttcctacgaaatttcttcattotcttectatttctttattaacttoaggcCttaatatacataat%tatatccacattcttatta aactccttaatatacattct
ccttactettectaaatttaactttetttattaacttecttaatecttaatcattetettectetaattetettgaatttac

tc attaactttctttaaatttctttattccttaatatacataactcttcgetaaatttetttgaattettcctaagatttetttattaacticcttga.
taactettegeteaatttaaatttctictatatccacttattgaacttecttaatatattetettectaaatttete cttcctcttatcctattctttattaacta%gttccttaatcattctc’d

1 ctttaccattaatatacattctctcctaaatttctttatcaacttccttaatatacataactcttc%aactaatt aatttgaatttoaattctttattaacttc
tttccttaatatectttictttattaatictettcctaaatttetttattaactttetttattaacttecttttatectattetttattaacttccttaatcattctette
ctaatttaatatacagttctttaacttccttaatatacataactettegeteaatttagtectatettecttectaaatttetttacctetatttettatagtectaatettecttectaaatttetttace
aactctatacattcttattgaacttecttitetttattaactttctttattaacttccttaaatcattcttctaaatttettettctettettccaacttecttaatatgtatat
tacattctcttcctatttcttattaaacataactcttCéctcaatttaaatttcttcttctctatttctcttcttcCttattaattaactaattccttaa ataca

acattctta‘rtt%aacttcct tcctagatacattcatacagttcttagtcctaatcttecttectaaatttetttaccattaata
attccattctettectacgaaatttettcattetettectatttetttattaacttca gccttaatatacataatgtatatecacattcttatta%aactccttaatatacattotl
tccttacatgaatttgaattaaaactaataatctttctttatgaacticattaacactttt aattccttaatatacaéttcttag cctaggtctatacaattatt
atttcttacattctettcctatttattaacttecttaatatacataacte cgctoaatttaaattto cttctctatatccacaticttattgaacttccttaatatattctett
tettctctagatacattetcettettecttattaattaccttaatatacagttettagtectaatcttecttectaaatttetttaccattaatatacattctctectaaatttet
ctttattaacttccttaatatgtatatccatecttaatatacattetettectaaatttetttattaactttctttattaacttec
ctatgctttattacttccttaatattagaactecttttttcttcattaactaatttaatatacagttctttaacttccttaatatacataactcttcgetcaatttagtee
tttctttattacccaacticcacattettattagaactecttaatatacattctettcctaaatttetttattaactttetttattaacttecttaatecttaatcattetettcetet
feeteattetettectetaattetettgaatttettictttattaacttecttaateattttattaacttecttaatcattetettectetttaacttcctaaatttettcttcctagatacattetcttettecta:
ctttattaattaatatactaactcttegaatgaattetttattaacttecttattccacctetttaacttcctaaatttettettcctagatacattetettettectaatatataaatttettettcctagatacatte
ttgactttattaacttccttat?ccacttaatatacatotcggtattaact aattttgccttaatatt%gacattccattctcttcctacattctcttcttcc aaatttcttcattctcttcctattty
tattctcctcetttaacttectaaatttetet cctagatacattctcttcttcctaatatataaatttettctttacattetettcttecttacatgaatttgaattaa
tccaa\jyagct‘rta‘rtaCttcCt‘raact‘rtc‘rtc‘rct‘rct‘rt‘rgtagaactcttcc‘rtgaatttaaacttc%tctaaatttctttattaacttccttaatatacatﬁtcggtaataccg[ ccttaatatggacat
it 1 i tetttattaacttecttaatcattetettectetttaacttectaaatttettettcctagataa
ttaacttccttattccaacttaatatacattctcttcctaaa ttcttcttcgctaaatttctttattaacttccttaatatacat%tcggt attac
ctaatatataaatttcttcttcctagatacattetettaattaacttcettttatectattetttattaacttecttaateattetcttecte

{ ataactcttcgetcaatttagtectatcttecttectaaatttetttac
ctittagaattaatatactaactettcgaatecttaateattetetttcttgaatttetttetttattaacttccttaatcattcttctaaatttettettetettetteca
ttctattaattaaccttaatcattctettcctetttaacttectaaatttettcticctagatacattctettcttcctaatatataaattteticttcctagatacattete
cmatacﬂtciaatcﬂcctaaatttcttcttcctagatacattctcttcttcctaatatataaatttcttcttcctagatacaﬁctcttcttccttattaattaactaattccttaatatacag cttagtect
cctacatgtcggtattaactgaatactttctggacacattctcttcttccgaaatttcttcattctettectatttetttattaacttcaggecttaatatacatattaat
acttttattaacccttccta cctaaattt%tcttcctaga acattctettettectaatatataaatttettctttacatctttatgaacttcattaacacttttgaattccttaatat:
ccogccttaatatg%acattccctagataccattctcttcttcct aaatttcttacattctcttectatttcttattaacttccttaat:
tectaatettCtaaatttctitaccattatgaatttctitctttattaacttcettaateattetet cctetttaacttectaaatttcttettcctagataatatataa
cctactcttegaatgaattetttttaccattaactaatt, aatttﬁaatttgaattctt‘rattaacttccttattccaataccttaatatacattctcttcctaaagttcttcttcg
aatccttaatcattctcttectctaattctettgaatttetttcttttcaattaacttccttaatcattctettectetattecttaateattetettectetttaacttcctaaatttcttettectag
tcaatttagtectatettecticctaaatttetttacctetatttcttatagtectetaaatttetttacctetatttettatagtectaatcttecttectaaatttetttacctc
aatticttaatcatictictaaattictictictetettcctttectetaattetetettccaacttecttaatatgtatatccacattettattagaactecttaatatacattetettecta
actttcttcttataaatttcttcttecta atacattctcttcattccttaatatacagttcttag Cctaatcttccttectaaatttctttaccattaatatacattctetec
ctaatcttccttcctaaatttctttaccattaatatacattctetectaaatttctttatcaacttecttaatatacataactcttcgaactaaat
taacttcaggecttaatataaatgtatatccacattcttattagaactecttaatatacattctettcctaaatttetttattaactttetttattaacttecttaatc

‘ aattacagttcttagtcctaggtctatacaattattctettectaaatttetttattccttaatatacataactettcgetaaatttctt
attctettgaatttetttetttattaacttcettaatcattataactettcgetcaatttaaattcttecttaatatattetettectaaatttetetettcctettatecta

\ ctaaatttctttaccattaatatacattctctcctaaatttetttatcaacttecttaatatacataactettcgaactaattgaatttgaattts
aatttcttcttcctagatacatictettcatettcettaatatgtatatccatecttaatatacattetettectaaatttctttattaactttetttatta
cctactttcttettataaatttcticttcctagatacattetettcattecttaataatttccaactettcgetceaatttagtectatettecttectaaatttettt
ctcttcctatt‘rct‘rta?taact‘rcaggccttgcttctataactttctttattaac?‘rcct‘raatccttaacattctcttcctctaattctct
aataccattettectacgaaatttcttcatictettectatttetaacttcaggecttaatecacttectaaatttettettcctagatacattcetettettectaatat
Hcﬁcci;1cg;1;1;11ltcltcaltclctlcciaﬂlcizlzuw?cltcgaalzltttcttcttccta atacattctcttcttccttattaattaactaatte

2 ' aaafttcttcattcteggttcctatttetttattaactte
cctagatacattctcttcttcctaatatataarﬁﬁcttctttacattctcttcttC(

cttaatatggacattccctagataccattctctte

atcattctcttcctetttaacttectaaatttettettec
taactcttcgaactaattgaatttgaatttgaattetttattaacttecttattccaataccttaatatacattctettcctaaagttettette
(itctttattaactttetttattaacttecttttatectattetttattaacttecttaatcattctettectet

fectetttaactteattaactaatttaatatacagttctttaacttecttaa

aatttetttattaactttctttattaacttcctfaatecttaatcattet

aacttccttaatcattctcttectettt:

ttettectagatacattetetteticetaatatataae

tctttaa(:tt(:mla(:tzumtttcttcttcctaaﬁattttgaattt aatttg

tgettaatatecttttctttatactcftcgefaaattiettetfe

1atttettacattetettectatttcttattaacttecttaa

1gtetttctgtta ttctte ?
Fa et ajegicjicpttaateattttattataattactetttatta acagttctta
aflodncattccattctcttectttattaacttcaggeccactte

\ y \t 3
A B etter C r g cttetectatettectgtte atctttctttatgaacttez

tt caac‘r’rcc’r’raa’ra‘rg’ra’ratccaca’r‘rc’r‘rat’ragaac‘rccttaatatacattctcttcctaaz?tttctttai

personalized medicine promises a new cttaatcattttattaacttccttaatcattctettee

.. level of clarity with treatments tailored to one’s genes tctttaacttectaaatttettettectagatacattctcttcttectaatat
but it hinges on development atatacatgtcggtattaactgaattttgecttaatatggacattccattetcttectacattct
of exacting gene-based tests Tccttaatcattetettcetetttaacttcetaaatttetettectagatacatt
acttccttgaatttaaagttcttettcgetaatatacattetetectaaatttetttatcaacttectta

BY MAYA PINES : cactttaata%%cttttctttatttaatatgtatatcCacattcttattagaac

PHOTOGRAPHS BY NOAH WEBB AND PAUL FETTERS tctatacaatt

atatccacattcttattgaacttccttaatatattctcttcctaaatttctete
ccactteatatataaattteticttcctagatacaticteticticcttacaaaaactaatatagtte ate
tttcttettcteticttccaacttecttaatatgtatatccacattettattagaactecttaatatacatt
tattaacttccttaatccttaatcattctettectetaattetctigaatttctttctttattaacttccttaatcattttatta:
HantaiacataactcﬁcgaaigaaﬂcmaHnacttccttaﬁccacctctttaacttcctaaatttcttcttcctag;
taaUattttgaatttgaattctttattaacttccttattccacttaatatacatgtcggtattaactgffaattttgccttaatag?gaca
tettectaaattictfattadctitagtectiaateatictettectctaattetettgaatttadet il ttaateattetettcetetttaactetaa
aatttettatttctttattaacttecttgaatttaaagttettettcgetaatatacattetctectaa
caactcttegetaaattteticttccacttcettaatatcettttctttatttaatatgtata
tataaatttcttcttcatgaatttgaattaaaactaataatctttctttatgaacttcattaacacttitgaa
aatttaaagttcttctggecttaatatggacatattctcttcttcctgaaatttettacattetcttectatticttattaacttecttaat:
aatatacalicteticclaaatticttfitaacttictitattaacticettaatecttaatcattcicttcetctaattetettgaattta:
teettaatacaattattctettectaaatttctttattccttaatatacataactettegetaaattictttgaattcttcctaagatttetttattaacttccttga
tctaaatttcte cttcctcttatcctattctttattaacta%ﬁttccttaatcattctcti
cteteccttaatatacataactcettcgaactaattgaatttgaatttgaattetttattaactte
aatttctttattaactttctttattaacttectittatectatictttattaacttccttaatcattctette
ttagtcctatettecttcctaaatttetttacctetatticttatagtectaatettecttectaaatttetttace
attaactttetttattaacttecttaaatcattcttctaaatttettcttctettettccaacttecttaatatgtatat
cctagataccattctettcttcctgaaatttettacatettectatttettattattetettettecttattaattaactaattccttaatataca

cttccatctggccttaatatggacat‘rccctagataCttcctttcttcatttttcattctct‘rcttoc?gaaatttcttacattctct’?cctatttctagatacattcatacagttcttagtcctaatcttccttcctaaatttctttaccattaata
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aatcattctettectctitaaatttetettcctagatacattetettettectaata tactttctactatttettettactttettetttettaataccattett tttcttetttcttaata
atatacataatg,(tatatccacattcttattagaactccttaatatacattctctttctttattaacttccttaatccttaatcattctcttcctctactt gatacattctctt
aatatacataatgtatatccacattcttattagaactccttaatatacattctetttctttattaacttecttaatecttaatcattetett tacattctcttctce
aat%tatatccacattcttatta aactccttaatatacattctctttctaacttccttaatecttaatcattctectactta fctetagatacattca
sccttaatatacataatgtatatccacattettattagaactecttaatatactttctaacttecttaatecttaateattetecta tttctctagaca
atgtatatccacattcttattagaactccttaatatacattctctttctaacttecttaatecttaatcattctectacttaateattctettecattetette tagataca
tatacataatgtatatccacattcttattagaactccttaatatacattctctttetttattaacttccttaatectta ttettettect
ittctettectaaatttetttattaactttetttattaacttecttaatecttaateattetettectetaatte cttcttect
tttaacttccttaatcattetettectetttaacttectaaatttctettectagatacattetett aacttc
ttgaatttaaagttcttcttcgetaaatttetttattaacttecttaatataca tcgtgtaataccgg cttec
ctcttectctaatttctactgaatttetttctttattaacttecttaateatteteftectctttaacticctaaa at
icttecttattccaataccttaatatacattetettectaaagttettcticgetaaatttetttattaactt aacttca%gcc
cttctetattecttaatcattetettectetttaactteetanatticticfectagatacattetettettect tet
tacctctatttcttatagtcctaatettecttectaaatttctttacctetatttcttattccaattctte ttect
atatccacattcttattagaactccttaatatacattctettectaaatttctitattaactttctttatt

tacagttcttagtcctaatcttecttectaaatttetttaccattaatatacattetetectaa

aatatacattctctcctaaatttetttatcaacttecttaatatacataactcttcgaactaaattictte

ittctcttcctaaatttctttattaactttctttattaacttccttaatecttaatcatctettectetaat

ttattctcttcctaaatttctttattccttaatatacataactettcgetaaattictttgaattcttectaaga

ctcttcctaaatttctctcttcctcttatcctattctttattaactaggtteCttaatczﬁtctcttcctc

tttctttatcaacttccttaatatacataactettcgaactaattgaatttgaattigaaticttta

ttcettttatectattctttattaacttecttaatcattcteticetctatic!

otcctatcttecttectaaatttetttacctetatticttatagtectaatettectt

ctctaattctettgaatttetttetttattaacttecttaateattettctaaatttcttettetettcttccaactt

>ctaatatataaatttcttcttcctagatacatteteticticcttattaattaactaattecttaatatacagttctt
cattctcttcttcctaactaattccttaatatacagttettagtectaatettecttectaaatttetttaccattgatatacattetetee

tatttctttattaacttcafg%ccttaattacatattaatat tatatccacattcttattagaactccttaatatacattctcttcctaa

ttaaaactaataatctttc ttat%aacttcattaacact ttgaattccttaatataca%ttcttagtcctaggtctatacaattattctcttcct
acattccctagataccattetcttcttcctgaaatttcttacattctettectatttettattaacttcettaatatacataactcttegetcaatttaaa
ataatatataaatttcttcttcctagatacattetettcettecttattaattaccttaatatacagticttagtectaatettecttectaaatttetttaccat
attaactgaattttgccttaatatggacattccattctettectttattaacttcaggeccacttecttadatatecttttetttattaacttccttaatatgtata aactttcttt
cctctattecttaa cattctcttcctctttaacttoctaaatttcttcttcctaga acattcteticticctaccacttcatatataaatttettcttcctagataca ottc atctttctttat
tttacctctatttcttatagtcctaatettecttectaaatttetttacctetat tcctaatettecttectaaatttetttacctetatttettattccaattettct ccaacttecttaatatgtatatc
‘ccaacttccttaatatgtatatccacattcttattagaactecttaatatacattctettcctaaatttetttattaactttctttattaacttecttaatecttaateattetet tttetttetttattaacttecttaa
ttctettettecttattaattaactaattecttaatatacagttcttagtectaatettecttectaaatttetttace ' atatacattctetectaaatttetttatea aactettcgaatgaattetttattaac
tcctaatcttecttectaaatttetttaccattaatatacattetctcctaaatttetttatcaacttecttaatatacataactcttegaactaaatttettettectaag caatictttattaacttecttattccact
taatatgtatatccacattettattagaactecttaatatacattetettectaaatttetttattaactttettt + aacttecttaatecttaateattetettecteta Ttecttaatcattctettcctctttaac
atatacagttcttagtcctaggtctatacaattattctcttcctaaatttett - itccttaatatacataact taaattt {ffoaaticttectaagattictitatt agttci cttcgetaaatttetita
taatatacataactcttegetcaatttaaatttcticttctctatatccacattetta cttecttaata ttctcticctaaatticicicticetettatectatte aatcattctcttcctetaatttcta
ataaatttcttcttcctagatacattctettctiecttattaattaccttaatatacagttcttas 'cctaatettecttectaa ttaccattaatatacattctctect ttecttaatatacataactett
ttcgetaaatttetttattaacttecttaatatacatgte %ltattaact aattttgccttaatat%gacattcca‘r‘rctc tttattaacttcaggcccacttectta acttccttaatatgtatatccate
ctagatacattctcttcttcctaccacttcatatataaatttettettec a%atacattctcttct Ccttaca atagttc atctttctttatgaacttcattaactaat agttctttaacttccttaatatac
cctctatttettattccaattcttctaaatttcttettctettettecaacttecttaatatgtatatccacattettattagaactectt attctctfectaaatttctttat taacttccttaatecttaa
cctaaatttctttattaactttctttattaacttccttaatecttaateattetettectetaattctetigaattictiietitat acttccttaat ttcctaaatttcttcttee
ctectaaatttctttatcaacttecttaatatacataactettc gnatgaattetttattaacttecttaticcace agatacattctcttct tettettectagatac
aatttcttettcctaagattttoaattt aatttgaattctttattaact?ccttattccacttaata cattctct tcttcegaaatttettcatict
aatccttaatcattetcttectctaatictetigaatttaacttecttaatea ctaatatataaattt tettettecttacatgaattt
ttctttgaattcttcctaagatttetttattaacttectigaatttaaagttet ccttaatatggaca tcttcttectgaaa
cctattctttattaacta %ttccttaatcattctcttc‘ctctaatttc actgaattt ctaaatttcttcttcCtagat ‘
afttgaattctttattaacttccttattccaataccttaatatacattetettc tgtcggotattaact aatt
attaacttecttttatcctattetttattaacttecttaatcattetettectcta ctagatacattctcttcttect
tctttacctetatttettatagtectaatcttecttectaaatttetttacctet ctatttctfattccaattcttctaaat
ctettgaatttetttctttattaacttecttaatcatictictaaatticticticteticticcaact actccttaatatacattctcttc
atatataaatttcttcttcctagatacattetctteticettattaattaactaattecttaa ctttaccattaatatacatt
aattccttaatatacagttcttagtectaatettecticctaaatiictitaccatiaatatacatictctecta atacataactcttcgaacta ga
icttcaggccttaatatacataactcttegetaaatiteticttccacttecttaatatecttttetttatitaataty agaactccttaatatacatte
cttccttacatgaatttgaattaaaactaataatctttetttatgaacttcattaacacttttgaattecttaatatac gotctatacaattattetettecta
(cttcttcctgaaatttcttacattetettectatttettattaacttecttaatatacataactettegete zl’?ccn(‘nttcttattgaacttccttaa
ttectagataatatataaatttcttettcctagatacattetettettecttattaattaccttaatatacagticttagtec cctaaatttetttaccattaatatac

ttc ctaaatttctttattaacttccttaatatacatgtcg[%(attaact aattttgccttaatat gauﬁtccaﬁ taacttcaggeccacttecttaatatec
ctefattecttaateattctettectetttaacttectaaatttettettcctagatacattetetteticetaccactteat cttettectagatacattetcttettecttac
ttaatatacataactcttcgetcaatttagtcctatcettecttcctaaatttctttacctetatttettatagtectaatettectte [clitacctetatttettatagtectaatc
ittctettectetaattctetigaatttetttctttattaacttecttaateattettctaaattictteticteticttccaacttectt talccacattettattagaactecttaatatac
[ctttaacttcctaaatttcticticctagatacattctcttcttcctaatatataaatttcttcttcctagatacaticteticticcttattaatiaactaattccttaatatacagttcttagtcctaatcttc
taaatttcttcttcctagatacattetcttettecttattaattaactaattecttaatatacagttettagtectaateticettcctaaattictitaccattaatatacattctCtectaaatttctttatca
atttgaattctttattaacttccttattccacttaatatacatgtcgetattaactgaatttigcettaatatgeacaticeatteteticctacatictettcttecgaaatttettcattetettectatttet
tettCeacttecttaatatecttttctttatactettegetaaatticitcticcactiee ttaatatecttttcttatactett ft acttccttaatatecttttctitaggccttaa
ttaatatacataactcttcgceteaatttaaatttcttcttetetatatccacattettattgaacttecttaatatattcteticctaaattictetettect cctattctttattaactaggtt
cttagtcctaatcttecttcetaaatttetttaccattaatatacattetetectaaattictttatcaacttecttaatatacataacteticgaactaattgaattigaatttgaattcttta
cttcCttaatatccttttctttattaacttccttaatatetatatccatecttaatatacattctcttectaaattictttattaactttetitattaacttecttttatectattettfattaac
cttcattaactaatttaatatacagttctttaacttcettaatatacataactcttcgeteaatttagtectateticeticctaaatttetttacctetatttettat

tttattaactttetttattaacttec taatccttaatcattctcttcctctaa’rtc’rc?’rgaat’rtc’rt?ct’rta’rtaaci1ccﬂ aatcattcttct ccaact
cttectetttaacttectaaatttcttettectagatacattetetteticctaatatataaatttetteticctagatacaticteticttcettattaattaactaatic
atatataaatttcttcttcctagatacattetcttettecttattaattaactaattecttaatatacagttcttagtectaatettecttectaaatttctttaccattaatat
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“What'’s your

genetic subtype?”
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This sounds like a futuristic pick-up line, but
it is actually the key question for researchers
focused on “personalized medicine,” tailored
specifically for each patient’s genes. They
believe that, within a few years, tests to reveal
patient subtypes will become part of the
routine evaluation of discase.

Such tests can already show how rapidly
or slowly a person metabolizes drugs, for
instance, helping doctors prescribe doses that
are large enough to be effective, yet not so large
as to cause harm in a particular patient with
heart disease, depression, or schizophrenia.
Other gene-based tests can indicate whether
a patient with an early tumor really needs to
undergo chemotherapy—with its many side
effects—after surgery. One test may soon
detect the first signs of a particular cancer in
a patient’s blood before any symptoms appear
and in time for a definitive cure by surgery.

Some of these tests will save money in the
long run. Others will lead to expensive new
drugs (some have already) that are targeted
to specific subtypes of patients—drugs that
not every patient can afford. “This is an enor-
mous and challenging issue,” says Kenneth
Offit, chief of the Clinical Genetics Service
at Memorial Sloan-Kettering Cancer Center
in New York City. He recently took part in an
Institute of Medicine conference where, he
notes, several speakers emphasized the need
for “more evidence-based reviews and more
cost-benefit analyses to inform the discussion
of access to molecular medicine.”

Offit is one of many optimistic researchers
who are convinced that the overall effect of
gene-based tests will be to make treatment more
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efficient and effective, reducing the instances
in which people take drugs that don’t work.

“We now know that certain drugs work
only in a particular subset of patients,” says
Charles L. Sawyers, an HHMI investigator
at the University of California, Los Angeles
(UCLA), “but we don'’t yet know how to iden-
tify subsets in an easy way.” This is why Sawyers
and other researchers are busy ferreting out
differences in patients’ genes, then using these
distinctions to stratify people into smaller and
smaller subgroups, each of which responds to
drugs in its own particular way. This approach
has already changed how certain diseases are
treated, atleast in leading hospitals and research
centers. At the same time, it is inducing drug
companies to take account of subtypes as they
develop and test new treatments.

The fruits of personalized medicine
are most evident in cancer. Sawyers’s own
work has helped revolutionize the treat-
ment of chronic myeloid leukemia (CML)
by aiming the precisely targeted and highly
effective Gleevec (imatinib), and now the
recently approved drug Sprycel (dasatinib),
at specific genetic mutations in the cancer
(see sidebar, pg 37). Research by others has
revealed the genetic mutations that make
the drug Herceptin (trastuzumab) effective
against certain types of breast cancer, and
Iressa (gefitinib) effective against a small
subset of lung cancers. New tests for these
mutations can identify who is most likely to
benefit from these costly drugs—and who
should try something else, saving valuable
time and expense as well as reducing unnec-
essary toxicities.

While there is growing excitement among
researchers about the promise of personalized
medicine, only a handful of gene-based tests
are in wide use at present. “Why does the
community oncologist in middle America
generally not use such tests?” asks Todd R.
Golub, an HHMI investigator who directs
the cancer program at the Broad Institute of
Harvard University and the Massachusetts
Institute of Technology in Cambridge,
Massachusetts. “That’s simply because most
of the early molecular genomic tests that are
predictive of response to treatment have now
gone into the black hole of validation—and
have yet to emerge.”

Many of the initial reports of gene-expression
profiles that could identify subtypes of cancer

Simplified, Early
Diagnostics
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were based on only tens or perhaps hundreds
of patients. “Before routinely implementing
them in the clinic, we need to make sure
they really hold up in many other patients
and many other places,” Golub says. “This
takes a lot of time and effort.”

Afew tests have gone through more exten-
sive validation, he says, and are available
commercially to physicians. Among them are
predictive tests for breast cancer recurrence,
such as the Oncotype DX test in the United
States and MammaPrint in Europe.

INFORMED DECISIONS

The Oncotype DX test focuses on 16 specific
genes related to the molecular behavior of
breast cancer cells in tumors removed from
women with early breast cancers that are
fueled by estrogen, giving cach patient a
score from 0 to 100. The higher the score,
the greater the danger the cancer will return.
Researchers at Genomic Health, Inc., of
Redwood City, California, found these
16 genes to be least active in the tumors
of patients who survived 10 years without
a relapse. The very same genes were most
active in the tumors of patients who had
suffered bad outcomes.

At New York University School of
Medicine, oncologist Ruth Oratz uses the
test, and it has changed the way she treats
some of her patients. Recently, a woman
who looked like a good candidate to receive
only hormonal treatments after her breast
surgery and radiation—she was older, had
a very small tumor, and no signs of cancer
cells in the lymph nodes under her arm —
was, according to the Oncotype DX, at very
high risk of having a recurrence. “So she
was given chemotherapy in addition to the
hormonal treatment,” Oratz recalls. The test
has made the pendulum swing the other way
as well for some of Oratz’s patients, leading
them to forego aggressive chemotherapy
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when the test score was very low.
About 7,000 Oncotype tests were

performed in 2005. Many insurers refused to « .
many drug companies

reimburse the $3,460 cost because they were have concluded that they must incorporate genetic tests

not convinced of the test’s merits. The test into their dI‘llg trials.”
received so much support from oncologists, CHARLES SAWYERS
however, that early this year Medicare decided UNIVERSITY OFH é‘ AVILIHITI\(I)\I/&S&I%%‘SO?NGELES

to cover the cost for its beneficiaries. Several

private insurers have begun covering it too.
Another widely accepted test called

AlloMap, devised by XDx, Inc., in South
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“the first challenge is to discover the inherited or
acquired alterations in DNA that are responsible for a disease.
In most cancers,
these have not yet been discovered.”

BERT VOGELSTEIN
HHMI INVESTIGATOR
THE JOHNS HOPKINS UNIVERSITY SCHOOL OF MEDICINE
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San Francisco, recognizes the earliest steps
of rejection in heart transplant patients by
measuring the activity of 11 immunology-
related genes. Thanks to this test, patients
can now avoid many of the frequent and
unpleasant heart biopsies they had to
undergo to look for signs of rejection.

Tests like these may be useful, but they
fall short of revealing the cause of a disease,
and they don’t provide any leads to better
treatments. The real bottleneck in personal-
ized medicine, according to Golub, is still a
lack of specific knowledge. “We need to
know more about the molecular underpin-
nings of a disease so we know exactly what
to measure in a patient,” he says. “We also
need a mechanism to actually measure
these molecules in a clinical setting before
deciding on a treatment.” He calls for “more
effort in early discovery.”

Bert Vogelstein, an HHMI investigator at
the Johns Hopkins University School of
Medicine, agrees. “The first challenge is to
discover the inherited or acquired altera-
tions in DNA that are responsible for a
disease,” he declares. “In most cancers,
these have not yet been discovered. Only a
small fraction of the alterations that
contribute to breast, prostate, lung, or other
common cancers have been identified. So
we act like the drunk who looked for his
keys, not where he lost them, but under a
lamp, where the light was good. Many other
places might be better.”

He also complains that, “almost all ‘trans-
lational’ research funds now go to find new
therapeutics. This is not optimal,” he says.
“Our best hope for reducing sickness and
death—and health care costs—is through
prevention and early detection, rather than
therapies.” Vogelstein’s own research has
focused on early detection of cancer (see
sidebar, pg 34). “One difficulty is that if
you learn how to detect a cancer at a stage
when it can be cured by surgery or some-
thing simple, you have to screen 100 or 500
patients to find one that you catch early,” he
says. “This is not nearly as dramatic or sexy
as taking a sick patient with more advanced
disease and putting him or her in remission.
But remember that this one patient [whose
disease is caught early| will be completely
cured of the cancer and won't ever die from

it!” By contrast, “drugs put cancer patients in

Paul Fetters



remission only for a period of time —often
a surprisingly short time, and they are
surprisingly expensive.”

GOOD FOR BUSINESS
Meanwhile, gene-based tests are becoming a
big business. “There are about 1,000 gene-
bKased tests that you could get toda}./, says PCI‘SOHH]iZCd Medicine
athy Hudson, director of the Genetics and
Public Policy Center at Johns Hopkins. She Made Real
notes that “only a dozen of them have been
reviewed and approved by the U.S. Food and
Drug Administration (FDA),” and wishes the
government would give more attention to
the validity of such tests.
The FDA may be paying more atten-
tion. Drug companies are joining the rush to
stratify patients according to their genes, and
they're doing it with the blessing of the FDA,
says Edward Abrahams, executive director
of the Personalized Medicine Coalition, a
Washington-based public-interest group. He
notes that in March 2005 the FDA started
asking drug companies to voluntarily share
information on how specific subtypes of
patients respond to the drugs submitted for
review. Since then, more than 25 companies
have submitted such data.
Not surprisingly, “many drug companies
have concluded that they must incorpo-
rate genetic tests into their drug trials,” says
UCLA’s Sawyers. That was his experience
with Bristol-Myers Squibb, the maker of
dasatinib. There had been a lot of debate
about the usefulness of genetic tests in drug
development, he says, “but now most parties
agree that it’s a good thing. The cost of drug
development should go way down when you
do clinical trials with the right subgroup of
patients. You get faster approval, and you can

go on to develop more drugs.”

Insurance companies will have to come
along as well, to pay for the new gene-based
tests, Sawyers contends, “because these tests
will guide the treatment. Insurers could avoid
paying treatment costs for all patients, when in
fact the treatment might help only a fraction
of them.” Abrahams adds that “the growing
link between therapy and diagnostics” (in
the form of gene-based tests) is the key to the
future development of personalized medicine.
“The tipping point,” he says, “will come when
patients refuse to accept what they often get

now —trial-and-error medicine.” m




