IHonyadauuonnaa (papMaKOKHUHETHKA
npenapara MeToTpeKcar.
KimHuyecKuii MOHMTOPHUHT NPH JIeYeHUN
ocTporo JuM(o01aCTHOTO JIEHK03a
1 JuMdoMm y aereu

A.C. Cuneun

Poccuiickuii oHkostornyeckuii Hayuniii entp umenn H.H. baoxina PAMH, 1. Mocksa

Venex Xumuomepanuu 310Ka4ecmeerblx H(JH(J(JJP{I3()6’(”1’1'“'{ ¢ HpUMenetuem npendapamos, OML Y AROULUXCH VIKUA MePanes -
MUHCCKUM KOPUOOPOM U 8bICOKOU IMOKCUMHOCIBIO, 0 MIO20M 3AGUCUIN 011 MOHHOZ0 GbIO0PA PENCUMU JOUPOGAHIL. Buaop on
MUMAIBHbIX PEHCUMOEB ()()'J’UP(JB’GHII!? ouerHb 6aNceH s npenapamaos, y Komopsbix old HO0NCUHINE N bHOSO )(/Ir/)(’h'l]?ll PAcnoOIOMee -
Ha 6 H(:’H()C[J?()(.'H?&'(’HHO!:«' OAL30CHIH O 30HbI pucKa. B aniux CAVHAAX NPUMCHCHUE t'[)(’(jHH.\' dos npenapamea Moxceent HPHHHUI'L'?.’-"
K HenpeockaszyeMuiM nocaeocmeuam. B cedasu ¢ vuue ckazanHbiM ORMUMAIbHAS XUMUOMEPARUs paKd npedito.dedent midd
meavtbiil nedtep pexcuma do3UPeeanus a8 Kaxicdoeo KouKpemno2o nauuenmad. K coxcaienin, nodooHsiil ROOXo) 6 XUMUORTE -
panuu paka 0o nacmosueeo epesmenu ne paspadoman nu ¢ Poccuu, nu 3a pyoexcom. Oonoit 13 21AGHIX NPUHIH HEICHC 011
CYMCMBUe HeMK020 ONUCAHUSA COOMHOWCHUS MeXCOY KOHUEHMPAUUel NPenapamd 6 KpoGu (MakCUMAIbHOU KOHUCHMPALUC
uAL RAOWAdLI0 NOO PAPMAKOKUHEINUMECKOUH KPUBOL) 1 HAOI00aeMbIM (apMakoioeuteck i 3(hHexmor u/ua moxkcuunociibh)
npenapama, mo ecms PK/DI modeau, komopyio MONCHO Obl10 bl HCROABI06aME s urdueudyd.uzanui. Kpove moco, -
¢I€KH? RPOMUBOONYX0.1€8bIX Hpenapamoes NPOAGIAemcs yepes docmamoyuno o.1me. 1bHoe speMsd, Yo 6 C6010 ()‘I(.’[)("(jh ;’tH.’?,!J_l'f).‘f}#
em unmepnpemauiio OaHHbIX mepanesmuvecKoeO AeKapCcmeeHioe0 MOHUINOPUHId.

OnHako, B Tex chyyasax, Koraa (et moxer OblTh
OlIEHEH JIOCTATOYHO OBICTPO, HANPUMEP, B aHTUOaKTepH-
aTbHOW Tepanuu, 1pu HCNOAL30BAHUK CEPAeYHO-COCY-
JAWCTLIX U TICHXOTPOITHBIX MPEnapaToB KIHHHYCCKHIT MO-
HUTOPHHT MPOBOAUTCH JOCTATOUHO YCMEIIHO. DTO CTA10
BO3MOXHBIM Os1arojlapst MOSIBICHUIO HOBLIX TOJAXOI0B K
MOJIETUPOBAHUIO (DAPMAKOKHMHCTHUCCKHUX [1POTICCCOR,
[IPOTEKAIOIIMX B OPraHHU3Me UCJIOBCKA, M MCTOJIOB KOJIHYC -
cTaeHHoro ananuia OK/DJ naHHbIx, conepiRaniny Kpaii-
HE OTPAHMYECHHOE YUCTO M3MEPEHHI Y KAyK/A0TO MALLHEHTA.
B pesyasrate otux noaxonos B KoxHo-Kanndopiniickom
Yuusepcutere npoceccopom Lkennndipom u corpyitin-
KaMu cro sabopatopuu Obl1 pa3paboTal nakeT nporpamm
USC*PACK. B cocras nakera BXOAsT MPOTPaMMbl JUTS T1it-
pamerpudeckoro (I'T2B) u nenapamerpuicckoro (NPEM)
MONVISIHHOHHOTO MOJCITMPOBAHUWI, KOTOpLIC Ha OCHOBA-
Huu pesyastatos GK/D/1 uccnenosanuil mo3Boasor pac-
CYHUTATHL COBMCCTHBIC M MAPTIHHAILHBIC TUIOTHOCTH BCpO-
ATHOCTH pacnpeieneHus (joint and marginal probability
density functions) 3HaUCHHI1 NapaMeTpoB BuIOPAHHO MO-
JCIH, 4 TAKKE UX CTATHCTHUYECKHE XAPAKTePHCTHKH (cpei-
Hee 3HayeHHe, MeIuaHy, KBAaHTUIH, aCHMMETPHIO M JKC-
lece, 1oKa3aTeu aMcrnepcuu, Ko uuMeHTsl BapHaLim
W p.).

[TosnyueHHBIE MONYJISIHOHHbBIE PACHPELeICHUS TTapa-
metpos PK Mo/IeH ICKaPCTBEHHOIO Nperapara 1 UxX cra-
TUCTMHECKNE MOMEHTBI MOTYT ObITh BBEACHDI B [1POIPAMMY

LAMUKIECHAG GAPMAKOKMHETHRA

10

MOJICIMPOBAHHSA HA OCHOBE 0AHCCOBCKOIO nmoaxo.1a (MB
nporpamMma), uMmcronyiocs B coctase nakera USCHPACK.
M HCTOJIBL30BAHbI JUISE PACUCTA HHAMBIUIVUTLHBIN SHAUCHH I
®K napaMeTpoB M IIQHHPOBAHIS MHAMBILIVAILIBIN Pe-
AKUMOB 03UPOBAHIS NatieHa. B aaiasHeitmes, asna-
YCHHAS TEPALTHST MOKCT KOPPEKTHPOBATHLCH 11O MEPE [T101)
HCHHS HOBBIX TAHHBIN Y OTOIO HALHCH L. )10 0Co0LHTO
BUKHO JUT HAIMCHTOB, ¥ KOTOPBIN HAO IO LAC T OBICTPLIC
HSMCHCHIS MACCHL T I HEYCTOHYHBASE (IVHKLUS 110-
HeK. TIPHMEHACMBIT MeTOI OLCHKIN KIHPeHCE KPS THTH-
Ha NO3BOMSACT YUHTBIBATL BOIMOAKHYIO HCC A ILHOC T
RIHPEHCA KPeaTHHNHA Y KQAKIOTO HALHCHTL. HT0 0CO0CH
HO BAATO JLSL ONITUME3ALHI 10 3HPOBAHIS 1Ak HPCId-
PATOB. KaK MeTOTpeKCar,
TOUCHHBIM TTY TCAL
Kpome rtoro, rakme
TO3BOISHOT BBIBH T
TOB TIOAIPYHIbL, 3SHAYHTEILHO OLIHYAIOMINCCS 110 3L
Husam DK u /L napaverpos. 1 LCH TH]DIKALLS LT
AYATLHBIX 3Havenuit K napamepos konkperioro nait
CHTA TIOCAC NPEABAPUTCILHOIO BRCACHISI JABC.LOMO HE
TOKCHYHOI 10361 1 onIpe/eschs 1-2 KOHICHTPaLLiH Hpe-
HAPATa B CLIBOPOTKE KPOBH 1103B051¢1 OlpeIeliit b, k kil
KO cyOrnonysimm Moxer 6oy, OTHCCCH natert. B ool

HPCHMYIHICCTBCHHO BLIBO THMBIN

BCPOSATHOCTHBIC
B HCCHC Ve MO THOLIN LU I e H -

pacnpe e

MOMEHT MOTYT ObITh OOHAPYKeHbI, HAIIPHMED. TAK Hil 3hi-

BACMBIC «MCIUICHHLIC» 1 «ObicTphie» MeTaboIai se pbl.
B otamume ot rpas

LIHHHOHHO TPHMEHSICMBIN MCTO10B.

= ——— Nol_2004



MOVl U

pacueTsl ¢ nomMoubio nporpammel USC*PACK mns onpe-
NACJICHUS ONTUMAIBHOTO peXuma 103upoBaHus He Tpeby-
FOT BbIHIOJHCHHUS 0053aTe/ILHOTO YCIOBHSA TOCTHKEHHNS
CTallHOHAPHOTO PaBHOBECHS pacripefe/icHus rnpernapara K
MOMCHTY B3ATHS P00 KPOBH. DTO 1M03BOASET MPOBOAUTD
M3MEPEHHS KOHUCHTPALIMK Mpenaparta Ha caMblX paHHHX
JTanax Teparuu, yMUTbIBATH peaibHble KonebaHus KOH-
LEHTPALIMK MPErapaTa B MHTEPBaje 103MpoBAHHS TIPH J10-
3MPOBAHUH HEPABHBLIMM JI03aMH Uepe3 HepaBHbIe MPOMe-
KYTKH BPEMCHH.

Ha ocrose umerommxest aannwix TJIM naumenta npor-
paMMa pacCUMTBIBACT MHAMBUIVAIbHBIC KPUBbIE M3MEHE-
HHUS KOHLICHTPALMKM TIpenapata BO BpeMeHH M COOTBET-
CTBYIOULME UM BEJIMUHMHBI TUIOMLIATH TIO/1 (DapMAKOKHHETH-
yeckoil Kpusoit (AUC), Koropble MOXHO COOTHECTH ¢
AaHHBIMH 00 uHIMBKUAYanbHOit O (adipexT, TOKCHY-
HOCTB). DTO MO3BOJASET BbIOPATL HHAMBHAYAILHYIO Tepa-
MEBTHYCCKYIO HEJIb, YTOOBI M30eKaTh UPEe3MEPHYIO TOK-
CHYHOCTb M MOBBICHTL 3(PPEKTHBHOCTL NTPOBOJUMOI TE-
pariu. Takum oBpa3oM, MPOUCXOAUT NEPexoll OT KOHIIEI-
LMK «CPEAHNX TEPANEeBTUYECKHUX 103 U PEXKHUMOB JI03MPO-
BaHMs» K MHIAMBHIYaIHM3allMH Tepanuu Ha OCHOBE
DOK/D]] MonerupoBaHus.

B nacrosiiem uccneroBaHUM OblIa TIPEANIPUHSATA T10-
NbITKA IPUMCHEHUS METOI0B MOMYASIHOHHON (hapmako-
KMHCTMKKM JUIsl OnMcaHus (apMakOKWHETHUYECKHUX IMpo-
LECCOB M COMYTCTBYIOUIMX MM (apMakoIHHAMHYECKUX
nokasatreieit rperapara MEeTOTPEKCat, LIMPOKO MPUMEHSI-
IOLETOCs MPH JICUEHNUH OCTPOro AMMQobIacTHOTO JIeHKO-
33 M 3J10KA4YECTBEHHDBIX TUMG(OM y neTeid.

MATEPHUAJIBI 1 METOIbI MCCIETOBAHMS

MDapMaKOKMHETHYECKHE MCCIeI0OBAHMUS METOTpeKcara
B KIIMHHKe ObLIM NMpOBEACHBI ¥ 25 MallMEHTOB B PeXKMME
24-yacosoii (1umpombl) win 36-yacoBoid (OCTPLII JIMM-
thobnacTHbIi NeiiKo3) HHGY3UN.

KoHlieHTpallis Tipenapara B CbIBOPOTKE KPOBH Ofipe-
nessiiachk Xxpomartorpadhueck.

Pacuet (hapMakOKMHETHUYECKHX [APaMETPOB JIMHEN -
HOIl JIBYXKAMEPHOW MOJEJIH, BbIOpAHHOW U ONUCAHUs
MOBEACHUA METOTPEKCATa B OPraHU3Me, MX CTATHUCTHYEC-
Kast 0O6paboTKa OCYUICCTRISUIMCh ¢ NMPUMEHEHHEM TpOr-
pammbl USC*PACK.

B HacTOAIIEM MCCICI0BAHUN TS MOJYYCHHS CPEeIHMX
MONYJISIMOHHBIX M MHIWBUAYAILHBIX 3HAYCHUIE hapma-
KOKMHETHUYECKNX NMapaMeTpoB MPUMEHAIACH [IporpaMmMa
NPEM (Nonparametric Expectation Maximization) , Bxo-
nasias B coctas nakera nporpamm USC*PACK. Dra npor-
paMMa Ha OCHOBAHWUM MMCIOIMXCS TAHHBIX O KOHIEHTPa-
puup npenapara (xorsi Obl 1-2 M3MepeHus y nauucHTa B
Jo0ble, HO JIydiue, B TaK Ha3biBaeMble, «ONTHMAalbHbIC»
MOMCHTBI BPEMCHMU), UCTIOJIB3YS AITOPHTM MAKCHMAIbHO-
ro npapaonoa00ms n HaiecoBCKHit MOIXOA, PACCUNTHIBACT
(hapMAKOKMHETHUECKHE 11apaMeTphl Ul KaxXI0ro Malu-
eHTa M3YYACMO NMONyJIsiMK U OLEHUBAET NOMYJISALHOH-
HBIC TJIOTHOCTH PACTIPE/IC/CHMS BEPOSTHOCTEH 3THX rapa-

No 1 -2004 =

METPOB JUTSI COBOKYITHOCTH BCEX BKJTIOUEHHBIX B MCCIIEN0~-
BaHHE nauueHToB. Takum obGpa3omM coszgaeTcs MOmnyJsiun-
oHHaa MK /MDJ1 monens a1a npenapara.

B nporpamme USC*PACK kputepuem KauecTsa npuo-
JIMKEHUSI B nipoueaype MACHTH(MUKALMN MHAMBHIYATb-
HBIX (hapMAKOKMHETHYECKUX TMapaMeTpoB KOHKPETHOTO
MaluMeHTa MO UMEIOLIMMCSI M3MCPEHHUSIM KOHUEHTPALMK
npenapara y Hero B KpoBu sipnsietca baiiecoBckasi o0bek-
THBHas (rynkumsa (Bayesian Objective Function — BOF),
paccyUnThIBaEMas 1o (])OpMyJIC:

Cobs — Cmod)” (Ppup L mod)
sop - 3 (et Cmed) , $
S0 SD

Ppop

rie

Cobs — u3MepeHHbIe 3HAYCHUS KOHLEHTPALMS Tpena-
para,

Cmod — koHuLEeHTpaumst npernapata , paccuuTaHHas 1o
MOJIEJIN,

SD — cranmaprHoe OTKJIOHEHHE,

Ppop — nonynsinoHHbie 3HAUYEHHUs NTAPAMETPOB MOJIE-
JIH,

Pmod — uHanBUAYyabHbIE 3HAYEHNS TAPAMETPOB MO-
JIeJn,

N — YUCI0 UMEIOLINXCS U3MEPEHMIA, M — YN0 WAEH-
TH(OUIIMPYEMBIX TTAPAMETPOB MOJIEIIH.

BribpanHast wis onvcanus GapMakoKHMHETHKH METOT-
peKkcara MoIe/b BKIIIOUAET CJIeNYIOINE apaMeTpo:

VFC — xaxyuiuiicst o0beM pacrpeieieHust LEHTPab-
HOM Kamepsl B JIMTpax,/Kr Macchl Tesla NalueHTa,

Keps Kpe — KOHCTaHTbI CKOpocTeit oOMeHa Mexiy
LEHTPaIbHOI M nepudepHueckoii Kamepamu, u',

Kel — KoHCTaHTa CKOPOCTH BBIBECHHUS MperiapaTta u3
KPOBSIHOTO pycaa, u™!, paccuuThiBaeMas 10 ypaBHEHHIO:
Kel=Kinter + Kslope x CCr, rae

Kslope — neckpunTop, CBs3bIBAIOLIHI CKOPOCTh BbIBE-
JIEHMS NOYEeYHbIM MNyTeM W KiaupeHc KpeatuHuHa CCr,
[u*en. CCr]!,

Kinter — KOHCTaHTa CKOPOCTH BbIBEIACHUS Tpenapara
HEMOUCUHBIMH TIyTsIMH, u”'.

[Tporpamma Tak:Ke paccuMTbiBaeT cieiyrowue apma-
KOKHHCTHYMECKHE T1apaMeTpbl:

T, ;0 — nepHO NOAYPACTIPEACIICHUS TIPENapara 1o op-
raHaM M TKaHsIM, 4,

T, ,p — niepron nonyBbIBEACHMS NPenapara, 4,

AUCc — miomanb noa (papMakoOKMHETHUECKOH KpH-
BOIl B LEHTPATLHONH KaMepe, MKr*u /i,

AUCp — miomaab noi (papMakOKMHETHYECKONH KpHi-
BOit B nepudepuyeckoii kamepe, MKIr*u/Kr.

PE3VJIBTATBI U UX OBCYAK/IEHUE

WHansuiayaibHble GapMaKOKHHETHUECKHE NTApaMETPbI
LTS KAXJI0T0 MalHeHTa ObLIN PACCUHTAHbBI METOAOM HETa-
pPaMETPUYECKOro MOACIHPOBAHMS C MPUMCHEHHEM aliro-
pUTMa MAKCMMaTbHOrO mnpapionoaodust. TMoayueHHwie
JHAUCHUS XapaKTePHU3YIOTCs 3HAUMTEALHOIN (Dosee 35%)
MEKHHIAMBHIYATBHONH BapHabe/IbHOCTbIO.

RARUMNECKAD OAPMAKDRHHETHIA
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Puc.1. UnausnayvaibHbie (hapMaKOKHHETHUCCKHE KPHBBLIE H3MEe-
HeHHA KOHIIEHTPAILIMH METOTPEKCaTa B ChIBOPOTKE KPOBH TNalln-
eHTa No2 (MyHKTUpHAst — LeHTpaibHast KaMepa. CIIoiHas — re-
pudepuyeckas Kamepa), MoJyueHHBIC ¢ MPUMEHEHHUEM MOJE/IH-
poBanms Ha ocHose Baitecosckoro noaxota. Kpectukamu 0b03-
HaueHsl peajibHO onpeneieHHbie B xoae TJIM koHueHTpalmn
METOTPEKCAaTa B ChIBOPOTKE KPOBH.

PucyHok 1 nemMoHCTpUpyeT MHAMBUIYaNLHBIC hapma-
KOKMHeTHYECKHEe KpUBbIe naumeHTa No2 (aBa Kypca Tepa-
nuu, 24-uacosas uHQY3INs), paccyMTaAHHBIC TTPOrPAMMOIii
USC*PACK no 14 uMeiommmes u3MepeHnsiM KOHLEHTpa-
LMWK METOTPEKCaTa B KPOBM 3TOro nauueHTa. BuaHo, yto
Ha OCHOBE BLIOPAHHOM IBYXKAMEPHON MOJIE/IH W MOJTYYCH-
HBIX TONY/ISIIIHOHHBIX 3HAYEHUI ee MmapaMeTpoB YAaeTcs
JIOCTATOYHO TOYHO OMMHCATL HMCIOLIHECH U3MEPEHUS KOH-
LEHTPALIHH,

TenpHo (B 2,5 pasa) Me

1N

aii — nauueHT Nel2, y KOTOpPOTO 3Hate-
ai

co0BIIT CAVY '
s pacripesic/icHus OLIIO 3HAYM-

: § bheMa
e KaKyuierocs 0bb S
i ' HBILIE COOTBCTCTBYIONICTO CPEHCTO

b BBIBEIEHUS TIpCHapaTa ObL1a HUAC
CpeHEro [OMYJISIIIHOHHOTO 3HAUCHHS. Besenicrsue )TH.\
MHAMBIAYAIBHBIX (PapMAKOKH HETHUECKHUX OCODCHHOCTCH,

Ha 48 u ¢ MOMeHTa Havala uH(Y3UH KOHICHTPALIN MC-
( apasina 2,20 MKM /21, B TO BPEMS KaK 0¢30-
HTY BPCMCHI J10JTK-

3HAYeHMs, a € KOpPOCT

TOTpEKCAaTa cocCT
[lacHag KOHUEeHTpalmnd K OTOMY MOMC

na cocrapsts 0,02 MM/, [List npeoTBpatlicHus HEOD-

p"lTHMO“ TOKCHYHOCTH TOMY NalMeHTyY BBOJAMIACHL COOT-
L4

BOTCTRYIONIAs 103a JIEIKOBOPHHA (aHTHIOT), U3 pacucta
30 1\/:r/1'\-12 kaxkabie 6 4 B TEUEHHE MCPBBIX CYTOK, 3ATEM Of1-
paiisi MeToTpeKcara Ha 72 4, KOTO-

penesisiiach KOHHIEHT 2
Janee 1eHKOBOPHH

pasi cocTaBuia BCETo 0.05 MM/
BROIICS B 03¢ 15 Mr/M? TAKKE KaKILIC 6 u elle B TCUC-
HWE CYTOK.

Ha npoTskeHUM MocIeHNX 7 JACT HAMH OCYIICCTBACH
KTHHMYECKMI MOHHTOPHHI METOTpEeKcaTa IMpHMEPHO Y
1000 manueHTOB. AHAIW3 NOJAYUYEHHBIX PE3Y/ILTATOR HOKA-
3piBaet, yto v 20% nauueHToB HaOMIOAAI0TCH AaHOMATHHO
BBICOKHE KOHLIEHTPALIMK fpenapata, u3 Hux y 6% — upes-
BBIYAliHO BbIcOKHe (1.5-2,5 MxM/n). Benencrisue 3toro.
OCHOBHOI BBIBOJI 3aKJTIOUACTCS B TOM, UTO JICHCHHE OCTPO-
ro AuMQpoBIACTHOrO JIeKo3a U JAUM(OM ¥ ICTCH JOTKHO
NPOBOAMTHLCS TOMBKO MO THIATE/LHBIM KOHTposieM TJIM.,
MOCKOJILKY IPYMNIia pHCKA TOCTATOYHO BCIHKA M COCTARBIIS -
et okoJio 20%.

CoBpeMEHHbIC METOLbl XPOMATOTrPAhHUUCCKOTO aHATH -
3a METoTpeKcara U ero MetaboinTa — 7-THAPOKCHMETOT-
pekcata B chiBopoTKe Kposu. TJIM ¢ nocieayiouin np-
MEHECHHEM [OMYNIAIMOHHOIO MOJACTHPOBAHMS: HEmapa-
METPUUECKOTO METOAA MAKCHMMIBHOIO NMPaBIONo 00 1
6aiiecOBCKOTO MONX0A, PeaH30BAHHBIX B BHIIC MIPOTPAMM
(n/m USC*PACK) st ananusa @K aanHbIX, 103BOSION
MPOBOMHUTD JICUCHHE HHAMBHAVAIBHO H MOBBICHTH ¢ro Oe-
301ACHOCTb.
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