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PED®EPAT

AKTyanbHOCTb 1 Lenu. IHrmbutopbl TMPO3NHKMHA3 BTOPOro
MOKOMEHNs (HUNOTUHMG N [a3aTUHNG) MMEOT NPEVMYLLECTBO
nepeg MMaTMHMOG0M B HacTOTE U CKOPOCTW JOCTUXKEHUS LUTO-
reHeTUYECKNX N MOMEKYNAPHbIX OTBETOB NPU JIEYEHUN XPO-
Hu4eckoro muenonenkosa (XMJ1). BmecTte ¢ Tem oHM conpo-
BOXJalTCA 605ee BblpaXeHHbIMU MOH60YHbIMU athdhekTamu n
MMeLoT 60nee BbICOKYI0 CTOMMOCTb, YeM UMaTuHMG. BonbHble
XMJ1 co CTOVKMM rny60KNUM MOSEKYNAPHLIM OTBETOM B Ha-
CTosILLiee BpeMsi pacCMaTpuBaIOTCA Kak KaHAMAATbl Ha BKIHO-
YeHue B KIIMHNYECKMEe NCCefoBaHns no BeAeHNI0 pemMmnccum
6e3 nedeHus. MNoCTOAHHBIV POCT 3aTpaT Ha AMArHOCTUKY Y
nedeHne XMJ1 Bbi3bIBaeT HEOOXOANMMOCTL NpoBedeHus dap-
MaKO3KOHOMUWYECKOro aHanmsa C Lenbio onTMMu3aummn pac-
XO[0B 1 9KOHOMWYECKON 060CHOBAHHOCTW BHEAPEHUS HOBbIX
BbICOKO3(D(PeKTUBHbIX Npenapatos. Lienb paboTbl — hapma-
KO3KOHOMMYECKOE MOAEeNMpoBaHne BbiIbopa cTpaternm neye-
HUs XMJT nHrmébutopamm TMPO3NHKMHA3 NEPBOrO U BTOPOro
MOKOMEHMWI B MEPBOM NINHUM Tepanun ¢ NPOBeAEHNEM aHanu-
3a YyBCTBUTENbHOCTM KITMHUKO-3KOHOMMYECKMX (hakTopoB.
Metopgbl. dapMakosKOHOMMYECKOE MOZEeNnMpoBaHve Ama-
FHOCTUKK U nedeHus XMJ1. AHanms «CTOMMOCTb-NONE3HOCTb»
NMPUMEHEHNST MHIMOUTOPOB TUPO3MHKMHA3 NEePBOro U BTOPOro
NMOKOMEHWI B NEPBONA NMHUM Tepanuu. AHann3 4yBCTBUTESb-
HOCTV MOAEeNel C onpegeneHnem Hanbonee 3Ha4MMbIX KIMHU-
YECKMX M IKOHOMMYECKUX (DaKTOpPOB, BUAIOLLMX Ha pe3yrb-
TaTtbl neveHuns. MNpoBegeHne cCUMynAaUMmM ¢ Lesbio onpegenvTb
hapMaKko3KOHOMUYECKYIO  LIeniecoobpasHOCTb  MPUMEHEHUS
WHrMOUTOPOB TUPO3NHKMHA3 MEPBOrO 1 BTOPOro MOKOSIEHWN B
nepeon nuHuM Tepanumn XMJ1 B macluTabax CTpaHsbl.
Pe3ynbTaTbl. AHan13 4yBCTBUTENBHOCTM (DapPMaKO3KOHOMMU-
YeCKMX Mopenewn nokasan MX YCTOMYMBOCTb. YCTaHOBIEHbI
MoporoBble 3HA4YEeHW CTOMMOCTU NeKapCTBEHHbIX CPEAcCTB,
4acToTbl [OOCTVMXKEHUS MOSIHOrO MOJMEKYNAPHOro OTBETa,
OnpenensoLLMX SKOHOMUYECKYHO LIeNecoobpasHOCTb Bbibopa
cTpaTternm fIe4eHmsa MHrMbuTopaMmm TUPO3MHKNHA3 NepBOro un
BTOPOro MNOKOSNEHUIA.

3akntoyeHune. PaspaboTaHHble hapmMako3KOHOMUYECcKne
MoZenu MoryT 6bITb MCMOb30BaHbI MPWU YCOBEPLLEHCTBOBA-
HWUM CTaHOapTOB ANArHOCTMKM N NeYeHus.
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ABSTRACT

Background & Aims. Second generation tyrosine kinase in-
hibitors (nilotinib and dasatinib) have advantages over imatinib
in frequency and rate of cytogenetic and molecular responses
obtaining in chronic myelogenous leukemia (CML) treatment.
At the same time, they produced more severe adverse effects
and are more expensive than imatinib. At present, CML pa-
tients with stable deep molecular response are considered
as candidates for enrollment into clinical trials studying the
management of treatment-free remission. Constant growth of
expenses for CML diagnosing and treatment require a phar-
macoeconomic analysis in order to optimize expenses and
provide cost-effectiveness data for introduction of novel highly
effective drugs. The aim of the study was pharmacoeconomic
modeling of the choice of CML treatment using first and sec-
ond generation tyrosine kinase inhibitors in first-line therapy
with an analysis of sensitivity of clinico-economic factors.
Methods. Pharmacoeconomic modeling of CML diagnos-
ing and treatment. Cost-utility analysis of first and second
generation tyrosine kinase inhibitors in first-line treatment.
Sensitivity analysis with identification of most important
clinical and economic factors affecting treatment results.
Simulation for feasibility analysis of the nationwide use of
first and second generation tyrosine kinase inhibitors in
first-line therapy.

Results. Sensitivity analyses of pharmacoeconomic mod-
els showed its robustness. The threshold limits for drug
costs and frequency of achievement of a complete molecu-
lar response affecting economic feasibility of the choice of
first and second generation tyrosine kinase inhibitors were
determined.

Conclusion. These pharmacoeconomic models may be ap-
plied for improvement of diagnostic and therapeutic stand-
ards.
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BBEJJEHUE

B Hacrosilllee Bpemsi JieKapCTBEHHbIE CPECTBA Ha OCHOBE
uHru6uTopoB tHpodunkuHas (MTK) cranu «3o00TbIM cTaH-
JlapTOM» Teparuu XpOoHUYecKoro MuesoJgeiikosa (XMJI),
MO3BOJIMB  JIOOUTBCSl  YBEJIMUEHHS]  TTPOJOJIAKHTENLHOCTH
JKU3HH U NIPeyNpexKIeHHsT HHBAJIMIHOCTH Y TOAABJISIOLLEr0
6osbnHCTBA 60/bHBIX [ 1 —4]. MHru6uTophl THpO3nHKKUHA3
BToporo nokosenust (MTK2) — nunotunn6 u nasatuHnG —
nokasa/au npeumytlectso nepex MTK nepsoro nokosenusi
(MMaTHHMOOM) B 4aCTOTE M CKOPOCTH JIOCTHXKEHHSI MOJIHOTO
LIMTOMEHETHYECKOIO W MOJIEKYJISIPHBIX OTBETOB B IEPBOH
Junnu Tepanun XMJI [5, 6]. T1peumytiectBo B o61iel Bbi-
»KUBAEMOCTH H BbIKUBAEMOCTH 0€3 NpOorpeccHpoBaHus MpH
NPUMEHEHHH HUJIOTMHMOA B MEPBOH JIMHUM Tepanuu Aaju
oCHoBaHHe 3Kcrepram HauuoHaibHOro HHCTHTYTA 310POBbSI
¥ KauecTBa MeiiMHCKoi oMoty Bemiko6puranuu (NICE)
PEKOMEH/I0BaTh HUJIOTHHUO KaK aJbTepHAaTHBY UMaTHHUOY B
nepBoil uHuu Tepanuu XMJI npu ero dunancoBo# rocTyr-
HocTH [7]. Bmecre ¢ Tem nabionenne 3a 60ibHbIME XMJI,
nosyuatoimMun UTK2, BeisiBUI0 He ToIbKO GoJiee BBICOKYIO
3 peKTHBHOCTb, HO U HaJH4He MOOOYHBIX I((PeKTOB ITOH
TpYNIbl [pernaparoB, OTCYTCTBYIOUIMX y MMaThHMOa. Han-
6oJiee 3HAUUMBIMH H3 HHX SIBJISIIOTCS CEPEYHO-COCYUCTbIE
OCJIO’KHEHUs! W IHabeT MpH JIeUeHHH HUJIOTHHUOOM, a TakxKe
nJieBpaJibHble BBIMOTbI M JIeroyHasi FMNepTeH3ust MpH Te-
panuu jazaTiHu60M [6, 8—12], yactora pasBuTHs KOTOPBIX
MeJIJIEHHO BO3pACTaeT co BpEMEHEM.

Elle 0IHMM BaXKHBIM 00CTOSITENLCTBOM sIBJISIETCsl OoJiee
BbicoKkasi ctoumoctb MTKZ2 no cpaBHenuto ¢ umMatHHHOOM,
[p1 9TOM 3aMeHa OPUIHHAJIBLHOIO UMaTHHHOA Ha JUKEHEPUKH,
npousolle/as B Moc/eH1e rojpl, elle 6oJblie yBeJudnIa
3T0T paspbiB [ 1 3]. Biarogaps ycneniHbiM MOMBITKAM OTMEHbI
Tepanuu y 60JbHbIX CO CTOUKHM JAJHTEbHBIM MOJIEKYJISIPHBIM
otBeToM [ 13— 17] 6b110 BBIIBUHYTO MpPeI0KEHHE BHEAPUTD
NTK2 B nepBylo JiMHUIO Teparniu BMECTO UMaTHHHOA, T. K.
6osiee ObICTPOE JOCTHAKEHHE MOJHOTO MOJIEKYJISIPHOrO OT-
BETa MO3BOJIMT 3aBEPLUHTH TEPAIHUIO C COXPAHEHHEM OTBETA,
B TO BpeMsl KaK KyMyJISITUBHAsi TOKCHYHOCTD elle He ycrneeT
pa3BuTbCsl. PaspblB B CTOMMOCTH B TaKoM cilydae MOXKeT
ObITb KOMITEHCHPOBAH 6oJiee BBICOKOH 4YacTOTOH OTMeHBbI
tepanun MTK2 no cpaBHenuto ¢ umatunn6oM. B ajintenbHok
repcrieKTHBe Takasi CTpaTerust MOXKeT M03BOJIUTb epelTH OT
TIOCTOSTHHOTO HaKOTJIeHUsT (PUHAHCOBBLIX 3aTpat Ha JiedeHHe
XMJI k sxoHOoMHueckomy muiato. [1pu 3ToM 3aTpaThl Ha Mar-
HOCTHKY W JleUeHHe BIEpPBble BbISIBICHHBIX GOJbHBLIX OymyT
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KOMITEHCHPOBATbCSI 9KOHOMHEH 3a CYeT OTMEHbl JIeueHHs!
y OOJIbHBIX, JIOCTHILUMX [OJHOTO MOJIEKYJSIPHOTO OTBETA.
JanHasi runoresa, KoTopasi MepBOHAYaJbHO MOXKET ObITh
MpoBEpeHa ¢ MoMOlbl0 (hapMaKOIKOHOMHYECKOTO MOJEJIH-
POBAHMUs1, MO3BOJIMT ONPELEJUTD YCJIOBHS, TIPH KOTOPBIX BO3-
MOKHO €€ MOJATBEPrKICHHE H JajibHellliee anpoOUpoBaHue B
peaJsibHON KJIMHUYEeCKOH MpaKTHKeE.

LENb U 3AAAYU UCCNEOBAHUSA

Lesbto pabGoTbl ObIO  MCCAEIOBATb YYBCTBHUTEJIBHOCTD
thapMaKkoIKOHOMHUYECKOH MOJieJIu TapreTHoil Tepannu XMJI
¢ nomotibio UTK nepsoro u BToporo nokoJieHuit ¢ nocjey-
folell OTMeHOH JieueHHs y GOJIbHBIX, JOCTHTLIMX MOJHOT0 MO-
JIeKyJIsipHOro oTBeTA. J1/151 I0CTHKEHHUS Liesiel HCeleloBaHusl
onpeessisin hakTopbl, OKasblBatole HaHOoJIbLIee BJIHSHHE
Ha pe3yJibTaT MOJICJMPOBAHHUS, M YCTaHABJWBAJIH TOPOTOBbIE
3HAYEHHUs! KJIMHUYECKHX H 9KOHOMHUYECKHX MoKasatesiel, Npu
KOTOPBIX MPUMEHEHHE TOH MJIM HHOH CTpaTeruu JeuyeHusi
Oy/leT 9KOHOMHYECKH 11eJ1eco00pasHo.

MATEPWAIDBI W METOAbI

HMcrosib3oBanach paHee co3naHHasi C TIOMOIIbIO MeTojia
MapKOBCKHX LieTell (hapMakoIKOHOMHUYECKasi MOJieslb Te-
panuu neppoil unu XMJI uMaTHHHGOM W HUIOTHHHOOM
C TIOCJIeNylollell ee OTMEHOH TpPH JTOCTHXKEHHH TOJIHOTO
MosiekysisipHoro oteeta (MO* — yporHs ber-abl menee
0,01 %) nocae 3 ner nevenns [18]. Tlposomuncs ananus
«CTOMMOCTB-10J1€3HOCTb> [19] ¢ MOACUETOM COBOKYMHOTO
BJIUsTHUS Ha GlojkeT Poceniickoii @eiepatny npsiMbIx 3aTpat
Ha IMarHOCTHKY H JieueHHe BHOBb BBISIBJI€HHBIX U paHee JiHa-
THOCTHPOBAHHBIX ciyqaeB XMJ] ¢ BpeMeHHBIM rOpH30HTOM
20 51et (2014—2033 rr.). [TosryueHHble pa3Mepbl COBOKYMHBIX
MPSIMBIX 3aTPAT COMOCTABJISIIA C KPUTEPHEM MOJIE3HOCTH —
KOJIHIECTBOM JIOTOJTHUTELHBIX JIeT KM3HH C TOMPaBKOH Ha
kauectBo (QALY). [ToporoBbIM ypoBHEM MPUHSATHS PEllIEHHS
(willingness to pay limit), npu KoTopoM BHejipeHHe HOBOH
CTpaTerun SKOHOMHYECKH OIpaBIaHO, CUMTANH CTOUMOCTh
1 QALY HuxKe TpexKpaTHOro pazmepa HalMOHAJILHOTO JIO-
xola (BaJjioBOr0 BHYTPEHHEro TMPOIYKTa Ha OIHOTO XKHTEJIs
crpanbl). g P® no skonomudeckum pesysasratam 2013 r.
9TOT MoKazarteJsib coctaBua 1,2 man pybuiedt [20].

@opmyJibl  TIpOBeNIeHHs] pacyeToOB TpeACTaBJeHbl Ha
puc. 1 u 2. Jlas aHa/n3a 4yBCTBUTENLHOCTH HCIOJB30BAJH
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Cost

Imatinib model year N

= Discount*aN * Proportions

Proportions *(Cost

Imatinib 600 mg year N Imatinib 600 mg drug monthly

*Cost

cessation monitoring year (N-3)

*(Cost

Successful Cessation

Imatinib

0.5 * Cost ) + Proportions

allo-SCT Nilotinib 800 mg year N

*Cost

cessation monitoring year (N-4)

Successful Cessation,, .. ...

Cost )+ MR4.0

treatment monitoring:

(Cost

treatment monitoring HU * IFN

. .
pasatmbarg | SUCCESSTUl Cessation

+ Cost + Cost

HU £ IFN)

Imatinib 400 mg year N

*1.5* 12+ Cost

+ Progression rate

Nilotinib 800 mg drug monthly

+ Proportions

Dasatinib 3rd

*(Cost *12+ Cost

Imatinib 400 mg drug monthly treatment monitoring)

+MR4.0 *

treatment monitoring) Imatinib

*(Cost,

liagnostic + treatment monitoring AP/BP

)+ MR4.0

Imatinib year N

* 12 + Cost *

treatment monitoring: Nilotinib 2nd

*(Cost *12+

Dasatinib 100 mg year N Dasatinib 100 mg drug monthly

*Cost

cessation monitoring year (N-5)

+ Proportions,, .

AE monitoring + treatment year N

Puc. 1. ®opmyna ans pacyeta CTOMMOCTW 3aTpaT Mpu UCTMONb30BaHUM MMaTUHWGa B NEPBOW JIMHUW Tepanuy Ha OJHOro GOMbHOro Ans

N-roga ot Hayana ne4veHus
COStImatinib model year N .
AVCKOHTVPOBaHUS; Proportions, .. 400 mg year
0o3bl MmaTuHnGa 400 mr; Cost
mmaTtnHmné 600 mr; MR4.0
TMHM6a; COStcessanon monitoring year (N-3)
CMpOBaHWst Npu Tepanumn nmatuHuéom; Cost
HoMm Kpuse; Cost
COStN\Iclnnib 800 mg drug monthly X
BTOPOM NinHMK; Successful Cessation, . ong

60nbHbIX, Nonyyarolmx gasatuHmé 100 mr; Cost

treatment monitoring

Imatinib

diagnostic + treatment monitoring AP/BP

allo-SCT

Dasatinib 100 mg drug monthly

yactota MO*° npu Tepanum gasaTnHnM6oM B TpeTben nuHum; Successful Cessation

TpeTben nnHuuM; Proportions,,; , -
[03bl MMAPOKCUMOYEBUHBI + UHTEpdepoH; Cost
Cost

"AE monitoring + treatment year N

treatment monitoring HU + IFN

— 3aTpaTbl Ha nposegeHue annoTKM; Proportions
— CTOMMOCTb MEeCSIHHOM [03bl HUNOTUHMGa 800 mr; MR4.0
— YacToTa yCreLIHON OTMeHbI HANOTUHNGA BO BTOPOW NMHUK; Proportions

— 00Nt 60MbHbIX, MOMyYaoLLMX MTMAPOKCUMOYEBUHY + MHTepdepoH; Cost

— 3aTpartbl Ha AMarHOCTUKY U fiedYeHne Npu NCnonb3oBaHUM UMaTUHWGA B NepBOV NMHUK Tepanuu; Discounts N — cTaBka
— pons 605bHbIX, nonyyarowmx nmatniné 400 mr; Cost
— 3aTpatbl HA MOHUTOPUHI feYeHns; Proportions
— vactota MO*? npu Tepanumn nmatnHméom; Successful Cessation
— 3aTpaTbl HA MOHUTOPWHI B hade pemuccun 6e3 nedveHus; Progression rate

Imatinib drug monthly — CTOMMOCTb MeCH4HON
matinb 600 mg year N —— A0S 6OJ'IbeI)E, nony4aroLLmx
— YacToTa YCrneLuHOW OTMEHbI UMa-
Imatinib year N — dacTtora nporpec—
3aTpaTtbl HA AMArHOCTUKY M NeYveHve B ¢hase akcenepaumm/6nact-
— Jons 605bHbIX, NofyYaLwmx HUAOTUHNG 800 Mr;
yactota MO*° npn TepanMm HUNOTMHMOGOM BO

— pons

Imatinib

Nilotinib 800 mg year N
Nilotinib 2nd
Dasatinib 100 mg year N
CTOMMOCTb MeCsiHHOM [o3bl AasatuHubéa 800 mr; MR4.0,, .o —
— yacToTa YCreLIHON OTMEHbl fasatuHuba B

— CTOMMOCTb MEeCS4HON

Dasatinib 3rd
HU = IFN

— 3aTpaTbl HA MOHUTOPWHI NNeYeHnsA FVI,D,pOKCVIMOHeBI/IHOﬁ =+ I/IHTep(*)epOH;
— 3aTpaTtbl Ha AMAarHOCTUKY U fiedeHne HexenartesibHbIX ABNEHW.

Fig. 1. Formula for calculation of cost of inputs when imatinib is used in first-line therapy per one patient for the N year after initiation of the

treatment

COStImatipib model year N i . . L.
Proportions, .., 400 mg yearn — the Number of patients treated with imatinib 400 mg; Cost
COSt, .. imont monitoring — COSt fO treatment monitoring; Proportions

MR*® rate when using imatinib; Successful Cessation, ..
ring during treatment-free remission phase; Progression rate, .. c.x

cost of diagnosing and treatment during acceleration phase/blast phase
the number of patients treated with nilotinib 800 mg; Cost

line therapy; Proportions;, ... 100mgyearn
of dasatinib 800 mg; MR4.0,,__.. sa —
cessation of dasatinib in third-line therapy; Proportions,,; , -,
cost of a monthly dose of hydroxyurea =+ interferon; Cost
Cost

"AE monitoring + treatment year N

— cost of diagnosing and treatment of adverse

VMHTAllHOHHOE MOJIEJIUPOBAHHE C MOMOIILIO CUMYJISIUH
Monte-Kapso (4nc/ieHHBI MeTON pellleHHsT MaTeMaTHye-
CKMX 3ajiad MyTeM MOJEJHUPOBAHUS CJYYAHHBIX BeJHUMH).
[TpoBomuan MHAMBHAyaJbHbIE pacyeThl KayKIOH MOJeNH
B 85 cayuasix, UMUTHpYys 85 pernonoB Poccuiickoii Pe-
Jlepaliiy, ToJarasi, 4To TOJydeHHble pe3ysbTaThl MOTYT
CJIY’KUTb OCHOBOH JUIsi IPHHSITHSI PellIeHHs OpraHaMu 31pa-
BOOXpaHEeHHsl MO Of0OpeHHI0 (PHHAHCHPOBAHUS OIHOH M3
cpaBHUBaeMbIX crpaTeruit jedenuss XMJI. st mojcranoBku
BEPOSITHOCTH TIEPEXOIOB MEXKIy KJIMHHYECKHUMH COCTOSI-
HUSIMH HCTTOJIb30BAJIM BAPHALIMOHHBIH P/l - pacripeieieHus,
TMOJCTAHOBKY 3HAYEHUH 3aTpaT OCYLIECTBJ/S/IM C TTOMOLLBIO
y-pacrnpenesennsi. MaTemaTnueckoe o:KHaHHe BCEX PsIIOB
MPUBOIMIM K 6230BbIM 3HaUeHUsIM Mojiesiu [ 18].

CraTHCTHYECKYIO 3HAYUMOCTb BJIMSIHHST BXOIHBIX TMapa-
METPOB MOJIEJIM Ha MTOroByt ctouMocTh 1 QALY B monensx
MMaTHHIOA ¥ HUJIOTHHNHGA B TIePBOI JINHUM TePaIiy OLleHHBaJIH
C TIOMOILIBIO TIPOCTOH ¥ MHOYKeCTBEeHHOH perpeccuu. CtaTueT-
YecKH 3HAUYMMBIMU CUHTAJH MapaMeTpbl ¢ ypoBHeM p < 0,05.
J1n1st BHIGPAHHBIX KJIMHUKO-3KOHOMHUYECKHX MapamMeTpoB pac-
CUUTHIBAJIN IPAUKN MTOPOrOB YYBCTBHTENBHOCTH SKOHOMHYE-
CKOH 11eJ1eC000Pa3HOCTH (JIOMUHUPOBAHHSI ) MOJIEJ I HMaTHHHOA
WM HUWJIOTHHUOA B NepBOH JIMHUK Teparn XMJT.
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Imatinib 600 mg year N R i o
— rate of successful cessation of imatinib; Cost

. e . i Nilotinib 800 mg drug monthly
MR*? rate when using nilotinib during second-line therapy; Successful Cessation

— the number of patients treated with dasatinib 100 mg; Cost
MR*? rate when using dasatinib in third-line therapy; Successful Cessation
— the number of patients treated with hydroxyurea =+ interferon; Cost

treatment monitoring HU = IFN

— expenses for diagnosing and treatment when using imatinib in first-line therapy; Discountea N — discount rate;

matinib arug montny — COSt Of @ monthly dose of imatinib 400 mg;
— the number of patients treated with imatinib 600 mg; MR4.0

Imatinib ~

, — cost of monito-

‘cessation monitoring year (N-3)

progression rate when using imatinib; Cost
of leukemia; Cost

diagnostic + treatment monitoring AP/BP -
allo-SCT ~ cost Of aIIOSCT’ ProponionSNilo(inib 800 mg year N -
— cost of a monthly dose of nilotinib 800 mg; MR4.0,, .. ons —
— rate of successful cessation of nilotinib during second-
— cost of a monthly dose

— rate of successful

Nilotinib 2nd
Dasatinib 100 mg drug monthly
Dasatinib 3rd

HU = IFN ~
— cost of monitoring of treatment with hydroxyurea = interferon;

events.

PesysbraThl  Mone/MpoBaHust ObLIH  TPeJCTaBIeHbl B
rpacduueckoM Buae B auarpammax Microsoft Excel. CraTu-
CTHUYECKHH aHaU3 MPOBOAMJICS C MCMONb30BAHHEM METONIOB
omHUcaTesbHOH cTaTHCTHKH. O6paboTKa TaHHBIX MPOBOAU/IACD
Ha TIepPCOHAILHOM KOMTIBIOTEPE C HCIOJIb30BAHHEM MaKeTa
npuKaaHbIX mporpamm Microsoft Office 2013 u Statistica 9.0.

PE3VJIbTATbI U O6CYXAEHUE

PeaysibTaThl CUMYJISILME CTOMMOCTH-TIOJIE3HOCTH 3aTpaTr Ha
TOMYJISIIIHOHHOM ypoBHe B TeueHde 20 JieT MpeacTaBJ/eHbl
Ha puc. 3. PacueTsl ¢ nCMosb30BaHHEM OPUTHHAJMBHBIX 11€H
Ha UMaTHHHO MoKa3auu (hapMaKOIKOHOMHUECKYIO BO3MOXK-
HOCTb BHEJpPEeHHs] HUIOTHHHGA B TEPBYIO JIMHUIO Teparuu
XMJI. B ycioBusix nepBoil JMHUK Teparnuu HUJIOTHHHOOM
1o cpaBHeHHIo ¢ uMatTuHHOOM B 70,6 % c/yuaes 3aTpaTthl Ha
nosiyderuie 1 QALY Gblii HHXKe TTOpOra TOTOBHOCTH MJIATHTh
GIOJKETHOI cucTeMbl 3paBooxpatennst. B 52,9 % ciyuaen
HCTIOJb30BaHHe HHUJIOTHHHOA B TIepPBOH JIMHUH Teparuu
COTMPOBOXKIAJMOCH MEHBIIUMH 3aTpaTaMi MO CPaBHEHHIO C
MMaTHHHOOM B MepPBOH JIMHAM Teparuu.

3ameHa CTOMMOCTH OpPUTMHAJIBLHOTO UMaTHHHOA Ha CTO-
MMOCTb €TI0 JPKEHEPUKOB TMoKasaJia, uto 3atpathl Ha 1 QALY
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Cost

Nilotinib model year N
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*Cost
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Cost * Successful Cessation *Cost

treatment monitoring: Dasatinib 2nd Dasatinib 2nd

*(Cost *12 + Cost

Imatinib 400 mg drug monthly treatment monitoring:

+Cost,,, ) + Cos
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)

Imatinib 400 mg (Intolerance) year N

(Cost

treatment monitoring HU + IFN tAE monitoring + treatment year N

Puc. 2. ®opmyna ana pacyera CTOMMOCTM 3aTpat Npu UCMOb30BaHNWN HUMOTMHWMGA B NEPBOW NNH
N-ropa oT Ha4ana neyexus
Cost

Nilotinib model year N

— pons 60MbHbIX, NOyYaoLLMX HUNOTUHWG 600 Mr; Cost

Nilotinib 600 mg drug monthly

+ Progression rate

*(Cost,

*12 + Cost

treatment manitoring)

*
Nilotinib year N

wy 12F

ib 100 mg drug

+
cessation monitoring year (N-4)

+ Proportions,,,, .. *

nn Tepannn Ha ogHoro 60nbHOro Ans

— 3aTpathbl Ha AMarHOCTUKY Y NeYeHVe NPy UCToNb30BaHUM HUMOTUHMGA B NEPBON NMHWK Tepanuu; DiscountveN — cTaBka

— CTOMMOCTb MeCSIHHOMN

AVCKOHTMpOBaHWS; Proportions,, . . <. mayearN
003bl HANMOTMHMGa 600 Mmr; Cost
Successful Cessation, ..
Ge3 neveHnst; Progression rate,, . carn

treatment monitoring

— YyacToTa yCreLHOW OTMEHbI HANOTUHMGa; Cost

— 3arpaTtbl Ha MOHUTOPUHT neveHus; MR4.0

Nilotinib

‘cessation monitoring year (N-3)

— YacToTa NporpeccupoBaHus Npy Tepanum HUNOTUHMGoM; Cost

Nilotinib 600 mg drug monthly
— vacTtota MO*° npu Tepanun HUNOTUHNOOM;

— 3aTpaTtbl Ha MOHUTOPWHI B (hase pemunccum
— 3aTparbl Ha

diagnostic + treatment monitoring AP/BP

IMarHoCTUKy 1 neyeHvie B pase akcenepauun/énactHom kpuse; Cost

allo-SCT

— 3aTpaTbl Ha npoBegeHue annoTKM; Proportions

Dasatinib 10 0Omg year N -

A0nst 60MbHbIX, NosyHaroLwx Aasatmine 100 mr; Costy, 1o mg drug monthly
yactota MO*° npu Tepanum gasatnHM6om Bo BTopol NMHMK; Successful Cessation

— CTOMMOCTb MecsiyHOM 003bl gasatuHméa 100 mr; MR4.0

. Dasatinb2nd ~
— YacToTa ycnewHon OTMeHbI ,U.a3aTI/IHI/I6a BO

BTOPOM NUHWM; Proportions
400 wr; Cost
MOYEBUHY * UHTEPEpOH;

HbIX SBJIEHWIA.

Imatinib 400 mg drug monthly

Imatinib 400 mg (Intolerance) year N

Cost

HU = IFN

— CTOMMOCTb MECSIHHOW [03bl UMaTuHM6a 400 mr; Proportions,
— CTOMMOCTb MECSIHHOM [03bl M’MAPOKCMMOYEBUHBI *+ MHTEepdepoH; Cost
Ha MOHUTOPWHI NeYeHnsi MMOPOKCUMOYEBMHOM + MHTepdepoH; Cost

Dasatinib 2nd
— [ons 60MbHbIX, NOMTyHaoLMX UMATUHWUG (HENEepPeHOCUMOCTb HUMOTUHMGA 1 Aa3aTUHMGA)

— 0N 605bHbIX, MOMyHatoLLMX FMAPOKCU-

treatment monitoring HU + IFN — 3arpartbl
— 3aTpaTtbl Ha ONarHoCTUKY 1 NeveHne Hexernaresib-

HU + IFN

’AE monitoring + treatment year N

Fig. 2. Formula for calculation of cost of inputs when nilotinib is used in first-line therapy per one patient for the N year after initiation of the

treatment

(.;os‘N\Iolmib model year N
tIonSNilotimb 600 mg year
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‘treatment monitoring

cessation of nilotinib; Cost
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‘cessation monitoring year (N-3)
diagnostic + treatment monitoring AP/BP
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Nilotinib 600 mg drug monthly

— MR*? rate when using nilotinib; Successful Cessation
— cost of monitoring during treatment-free remission phase; Progression rate

— cost of a monthly dose of nilotinib 600 mg;
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Nilotinib

Nilotinib year N

— cost of diagnosing and treatment during acceleration phase/blast phase of leuke-
— the number of patients treated with dasatinib 100 mr; Cost

Nilotinib 800 mg drug monthly -

the number of patients treated with nilotinib 800 mg; MR4.0

Dasatinib 2nd

—MR*? rate when using dasatinib during second-line therapy; Successful

— rate of successful cessation of dasatinib during second-line therapy; Proportions

Imatinib 400 mg (Intolerance) year N

— the number of

Ceésation Dasatinib 2n'd . . i . .

patients treated with imatinib (nilotinib and dasatinib intolerance) 400
Proportions,,; . -, — the number of patients treated with hydroxyurea
feron; Cost — cost of monitoring of treatment with

treatment monitoring HU = IFN

and treatment of adverse events.

MQ; COSt, i 400 mg crug montny — COSt OF @ monthly dose of imatinib 400 mg;
+ interferon; Cost, ;. -, — cost of a monthly dose of hydroxyurea + inter-
hydroxyurea = interferon; Cost — cost of diagnosing

'AE monitoring + treatment year N

g 250 000 000 000
g3 °
T 5 200000000000 o
S s o ° o
© £ 150000 000 000} o
s & @
I ° Lo
> 2 100000000 000} o
£s % o
S I 50000000000 * . dj
zs o Y B W/,
E s 0 50 [+]
] T
E— g_ =] o, ° P oy 50 o @
8 Q —50 000 000 000 f o of o8
x o 0% @
2 = -100000 000 000 o
20 o
g¢ 3
£ 3 —150000 000 000} N
ot E 200,000 000 000 o Puc. 3. Cvmynauns cpaBHeHUs CTOMMOCTU-MONE3HOCTU 3a-
g § B _ NOpOF|FOTOBHOGTM NAGTHTS TpaTt OQUarHoCTUKN N neYeHns XMH npwv UCNoMb30BaHUN HU-
2 = -250 000 000 000 : . . . . . noTMHM6a 1 uMaTMHMba B MEPBOV NIMHWUM Tepanun
o —40 000 —-20000 0 20000 40 000
-30 000 -10000 10 000 30000 Fig. 3. Simulation of comparison of cost-utility of CML diag-

Pa3Huua B QALY mexay HUNoTMHm6om
1 UMaTMHMGOM B NnepBoi MnHUN Tepanun XMJ

NPy BHEJIPEHHH HUJIOTHHHOA B MEPBYIO JIMHHIO Teparyi co-
XpaHsIJIHCh HUXKE MOpora rOTOBHOCTH TJIATHTH OHOJKETHOM
CHCTeMBI 3/ipaBooxpaenust B 48,2 % ciydae, a MeHblIHe
3aTpathl MPH HCMOJb30BAHUU HUJIOTHHHOA B MEPBOH JIMHUK
Ha6JTIOIAJMCH TOJBKO B 17,6 % CJlyyaes.

Hcnosnb3oBaHue — ClieHapusi  pKEHePHYECKOH — 3aMeHbl
MMaTHHUOA YISl ONPEJIe/IEHHs] BEPOSITHBIX 1IeH JRKEHEPHKOB
HUJIOTHHHOA U Jla3aTHHUOA MOKA3aJI0, UTO B YCJOBHSIX MOJIHOM

www.medprint.ru
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nosing and treatment when using nilotinib and imatinib during
first-line therapy

JoKeHeprueckoil 3amenbl ITK cronmocthb-nosieanoctsh 1 QALY
TPH UCTOMb30BAHUH HUJIOTHHUOA BMECTO IMAaTHHHGA B MePBOH
Jmnuk Tepanun XMJ1 6yneT HiKe opora roTOBHOCTH TUIATHTD
GIOIKETHOI CHCTeMbI 3/ipaBooxpanenusi B 77,6 % caydaes,
a 9KOHOMHYecCKasl BBLITOA TMPH TIPUMEHEHHs] HHWJIOTHHHOA
(MeHbLIKe 3aTpath) Gyaet Habmoathes B 67,1 % caydaes.
[Ipu perpeccHoHHOM aHanu3e OBIIH yCTAHOBJEHBI
(bakTOpBI, OKA3bIBAIOIINE CTATHCTHIECKH 3HAUMMOE BJIHSIHHE
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Tabnuua 1. Pe3ynstatbl perpeccroHHOro aHannaa rapmMmakodKoOHOMUYECKOr0 MOAENNPOBaHMSA

p ans ctoumoctyn QALY,
MMaTHHKO B NepBOii NUHUK
Tepanuu

Napametp mogenu

p ans ctoumocty QALY,
HUNOTHHMG B NEPBOI JIMHNN
Tepanuu

p ans ctoumocti QALY npu
CPaBHEHUM UMATUHUOA U
HUNOTUHMGA

CTONMOCTb KITMHUYECKOrO aHannaa KpoBu
CTonmocTb HUnoTuHMGa 600 Mr/cyT B MecsL

3atparbl Ha AUArHOCTUKY 1 NieYeHne No604HbIX 3DEKTOB B
TeyeHue 1-ro roga Tepanuu

BeposTHocTb gocTkeHus MO*? npu gasatuHu6e B TpeTbei
TINHUK Tepanuu (MMaTuHUG B NEPBON NNHUK)

BepoATHOCTb yCneLHoi 0TMeHbI 4a3aTuHM6a B TPETbEN JIMHUM
Tepanuu (UMatuHuG B NepBom IUHUK)

BepositHocTb gocTikeHns MO*? npu HUNOTUHMGE (HUAOTUHUG
B NEPBOI1 NMHWN)

BeposTHOCTb yCnewHoN 0TMeHbI Ja3aTuHNGa BO BTOPOW JIMHWN
Tepannu (HUNOTUHUG B NEPBOW INHMK)

Ka4ecTBO XM3HM H0MbHBIX, NOMYYAOLLMX NOBbILLEHHbIE 103bI
MMaTUHNOa

Yucno BMepBble BbIABNEHHbIX 60/bHbIX 32 F0A

0,001

0,001

0,001
0,008
0,029

0,013

0,012

0,016

0,022

0,027

0,001

Ha pesysbTaThl aHajlM3a CTOMMOCTb-M0JIE3HOCTb — CTOH-
mMocth 1 QALY B paMKax COBOKYIHOTO BJIMSIHHST HA GROJKET
(tabu. 1). Ilnst Monesiu ©cnoib3oBaHust HUMaTUHUGA B 1epPBOH
JIMHHY Tepanuu TaKUMH MapaMeTpaMHu OKa3asuch BEpOSIT-
HOCTb ocTikeHuss MO*0 1 yerentHoii oTMeHbI la3aTHHHOA B
TPeTbeH JIMHUK Teparnu, KOJUYECTBO BIEPBbIE BbISIBIEHHBIX
6O0JIbHBIX 32 T'0Jl, CTOUMOCTb KJIMHMYECKOTo aHa/ii3a KpoBH.
Ha croumocts QALY mnpu MCro/Nb30BaHWH HUJIOTHHHOA B
1epBOH JIMHUM Teparuu CTaTUCTHUECKH 3HAYUMO BJIMSIIH Be-
POSITHOCTb YCIELIHOH OTMEHbI 1a3aTHHHOA BO BTOPOH JIMHUH
Tepanuu, KOJMYECTBO BIIEPBbIE BbISIBJEHHbIX G0JIbHBIX 32 IO/,
CTOMMOCTb KJIMHHYECKOro aHaJ/iu3a KpoBH. JlonoiHuTebHble
satpathl Ha 1 QALY npu cpaBHeHHU 3aMeHbl UMaTHHHOA Ha
HUJIOTHHUO B nepBol JuHUK Tepanun XMJI cratucTuyecku
3HAYMMO 3aBUCEJH OT CTOMMOCTH HMJIOTHHMOA B IepBOH
Junud Tepanuu (600 Mr), 3aTpaTt Ha IMarHOCTHKY U JieueHHe
MoGOUHBIX 3(h(eKTOB B TeueHHe MepPBOTO Toja Teparuy,
KayecTBO »KH3HH OOJIbHBIX, MOJyYaloLIUX MTOBbILIEHHbIE J103bl
MMaTHHHOA.

JInst ycTaHOBJICHHST KOHKPETHBIX MapameTpoB, MpH Ko-
TOPBIX NPUMEHEHHe HWJIOTHHHOA WM UMaTHHUOA B NepBOH
quaun Tepanun XMJI Gyner MeHee 3aTpaTHbIM B CBSI3H
9KOHOMHEH CpEICTB BCJEACTBHE YCIEUIHOH OTMeHbI (MpH
Hajauuud MO*?), T. e. UMeTb SKOHOMHUYECKOE MpeHMylIle-
CTBO JyIsl OlOJKETa, Mbl IPOBEJIM aHAJIM3 UYBCTBUTELHOCTH

160 000
140 000
120 000
100 000
80000
60 000
40000
20000
0

NmaTnHnG BbiroaHee

HWUNOTUHUG BbIrOAHEE

CTOMMOCTb MECSYHOW [,03bl
HWUNOTUHUGa 600 Mr/cyT, pyonu

10 000
20 000
30000
40 000
50 000
60 000
70000
80 000
90 000
100 000

CTOMMOCTb MECSIHHOW [,03bl
nmaTtuHn6a 400 mr/cyT, pyonu

Puc. 4. lMoporoBble 3HAYEHUSA CTOMMOCTM OJ151 SKOHOMUYECKON Bbl-
rofbl HUNOTUHUGA N UMaTUHWGA B NepBov NHUK Tepanun XMJ1

(hapmMakoIKOHOMHUECKHX Mofiesiell. B kauecTBe mapameTpoB
aHa/M3a YyBCTBUTEJNBHOCTH OblH BbIOpPaHbl CTOMMOCTD
MecstuHoi 103bl UMaTHU6a (400 mr) u Hunorunuba (600 mr)
B nepBo# JiuHUK Tepanuun XMJI u uactora jpocTKeHHs
MO* k 3 rogam Teparnuu HUJIOTHHUOOM HJIH HMaTHHUOOM B
nepBOU JIMHUMU.

PeaysibraThl aHa/mM3a npeacTaBaeHbl Ha puc. 4 1 5.

[Ipu conocraBieHUH UeH HMaTHHHOA M HWJIOTHHHOA
ObJIO YCTAHOBJIEHO, YTO B LIEHOBOM JManasoHe MeCSuHOH
Jo3bl UMaTuHU6a B Hacrosiiiee Bpemsi ot 30 mo 70 Thic.
pyOGJieli npUMeHeHHe HUJIOTHHUOA B TIePBOK JIMHUU Tepanuu
Oy/leT SKOHOMHUECKH OTpaBaHo, ecau ero 1eHa (72 770—
118 511 pyGuieit) OyaeT MeHbllle JBYKPATHOH CTOHMOCTH
MMaTHHHOA.

M3yueHne COOTHOLIEHHS YaCTOThl IOCTHKEHHS MOJIHOTO
MoJieKysisipHoro otBeta (MO*?) kK 3 rogam Teparnuu noka-
3aJ10, YTO MPUMEHEHHE HUJIOTHHMOA B IEPBOH JIMHUM JIeYeHUSI
XMJI Gyzner conpoBOXKAaTbCS MEHLIIMMM 3aTpaTaMu Mo
CPaBHEHMIO C JieYeHUeM HMAaTHHHOOM, €CJIH MOJIEKYJISIPHbBIH
OTBET TpHM HUJIOTHHHOe GyreT aocturaThes Ha 25—30 %
yaue.

Jannble, noJyyaemble B peasbHOH KJIHHMYECKOH Mpak-
THKE, KaK NPaBHJIO, OTIIMYAIOTCS OT PE3YJILTATOB KJIMHUUECKHX
ucesenoBanuil. Mcrnosib3oBaHue TakKuX JaHHbIX, KaK BXOIHbIE
napameTpbl B PECTAaBAEHHBIX MOJIEJISIX, TO3BOJIUT POTHO3H-

100 %

s
o
:é\g 90 %
s ’:S_: 80 % HunotnHno BbirogHee
TO 70%
;, : 60%
s
2 = 50 % MmaTuHnG BbirogHee
S 40%
Qo
oo 30%
6= 20%
5%
g 10%
T [
(3]
b4

10 % 20 % 30 % 40 %
YacToTa goctmxkeHna MO4*°

K 3 ropam Tepanum uMaTMHN60m

50 %

Puc. 5. MNoporoeble 3Ha4eHus 4acToTbl gocTmkeHns MO* k 3 ro-
nam fie4yeHust osis SKOHOMUYECKOW BbIFOfbl HAMOTUHMGA 1 UMaTu-
Hu16a B nepso NnHUK Tepanun XMJ1

Fig. 4. Threshold limits of costs for economic benefits when using
nilotinib and imatinib in first-line CML therapy

82

Fig. 5. Threshold limits of MR*® rates by the 3" year of treatment for eco-
nomic benefits when using nilotinib and imatinib in first-line CML therapy
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pOBaThb 9KOHOMHUYECKYIO 11e/1€CO00Pa3HOCTb MPUMEHEHHS TOH
WJIH MHOH CTpaTeruu JieueHus 1jisi HauboJsiee ONTHUMaJbHOTO
pacxoa0BaHUsl OrpaHUUeHHBIX CPEICTB OloKeTa.
[IpenmMyllleCTBOM MCMOJIL30BaHUA  (PapMAKOIKOHOMMU-
4eCKOro MOJEJMPOBAHUs  SIBJSIETCSI BO3MOXKHOCTbL Iepe-
HOCa JIAHHbBIX, MOJYYEHHbIX HA OrpaHUYEeHHOH BbIGOPKE, C
MOMOILbIO CUMYJISILMM HA TIOMYJISIUMOHHBIH ypOBEHb, 4YTO
MO3BOJISIET COKPATHTL BpPeMsl M PACXOJbl TPH MPOBEIEHNH
KpynHOMaclITaOHbIX KJIMHHYECKHX HCCAELOBAHUH. DTO Ke
KayecTBO MOXKET ObITb W HEJLOCTATKOM B CBSI3U C BbICOKOMH
UYBCTBHUTEJIBHOCTBIO PE3yJIbTATOB MoOjieiedl K H3MEeHEeHHsIM
BXOJIHBIX TapaMeTpoB. B 1aHHOM HCC/IeIoBaHUH Mbl TIOJTYUHJTH
JI0Ka3aTesbCTBA YCTOHYHBOCTH MoJeJeld K OOJbLIMHCTBY
BXOJHbIX MapaMeTpoB, UTO [03BOJSIET HANEATbCS Ha JI0-
CTOBEPHOCTb MOJIydaeMbIX C HX TOMOILLbIO TPOTHO30B. Takxke
Mbl paccuuTasu rpaHuibl Haubosiee BaXKHBIX KJAMHUUECKHX
¥ SKOHOMHMYECKHMX MapaMeTpoB, MPH KOTOPLIX MPUMEHEHHE
HUJIOTUHUOA WK UMATHUHUOA B epBOU JiMHUU Tepanuu XMJI
COMPOBOXKIAETCST MEHBIIUMH SKOHOMHUYECKHMHU 3aTpaTamMH.
PaspaboTaHHble hapMaKOIKOHOMUUECKHE MOJIEJIH MOTYT
ObITb UCMOJIb30BAHbBI J/151 ONTUMU3ALIUK 3aTpaT MPH ycoBep-
1IIEHCTBOBAHUH CTAHAAPTOB AMATHOCTUKH U JieueHuss XMJL.

KOH®JIUKTbl UHTEPECOB

ABTOpBI 3a5IBJISIIOT 06 OTCYTCTBUM KOH(JIMKTOB HHTEPECOB.
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