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OB30P KJIMHWYECKWX UCCNEAOBAHNN MPOTMBOPAKOBOW
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O.71. KoHoBanosl A.A. XamunoHosl O.M. LLleBuyK?2 J1.A. JTOTBUHEHKO2

NATUTOPCKNA MeanKo-hapMaLeBTUYECKNA MHCTUTYT - dmanan BonrT MY MuH3gpasa Poccun
E-mail: d.a.konovalov@pmedpharm.ru
2befepanbHoe rocyaapcTBeHHOe OI0A>KeTHOe yupe>KaeHne Haykn «OpgeHa Tpygosoro KpacHoro 3HameHu
HuKnTCKuniA 60TaHnyeckuit cag - HaunoHanbHbli Hay4HbI LeHTP PAH»
nrT. HuknTa, Pecnybnnka Kpbim
E-mail: oksana_shevchukl970@mail.ru

ApPTEMUN3NHWH - CECKBUTEPMNEHOBbIN NaKTOH, BbIAENEHHbIA U3 HAA3EMHON YacTH NONbIHKN OfHONETHel (Artemisia
annual.) B 70-x rogaxXXseka. Ha ocHOBe ero npon3BOAHbIX CO3AaHbl U LUIMPOKO UCMONb3YIOTCA CaMble 3 (PeK T UBHbIE
NeKapcTBeHHble CPeAcTBa AN NeveHUs Manspun. 3a nocnefHue apa AecATUNETUSA NPOBEAEHbI MHOTOUYNCNEHHbIE in
vitro u in vivo nccnefoBaHus, Nokasasllne NPOTUBOPAKOBYIO aKTUBHOCTb 3TUX NPenapaToB B OTHOLLEHUN HEKOTO-
PbIX IMHWA paKoBbIX KNeTOK. Llenbio uccnegosaHus seasinca 0630p Hay4yHol MHGopMaLymu No U3yUYeHuo KIMHUYECKUX
CNyyaeB U pe3yNbTaTOoB OCYLLECTBAEHHbIX KAMHUYECKUX UCMbITAHWIA C UCMONb30BaHNEM NeKApCTBEHHbIX CPeACcTB
Ha OCHOBe NPOW3BOAHbLIX apTeMU3NHUHA. MaTepuansl U MeTofbl. ccnegoBaHne NPOBOAMAOCH C UCMONb30BaHUEM
nHhopmaunoHHo-nonckosblx (PubMed, ScholarGoogle,) n 6ubnnoTeunbix 6a3 gaHHbix (eLibrary, Cyberleninca), a
Tak>Ke npuno>keHus ResearchGate gns ceMaHTUYeCKOro noucka. Pe3ynbTaThl U 00CYy>KAeHMe. YCTaHOBNEeHO, YTO
HambonbLIee KOAMYECTBO M3BECTHBIX KAMHUYECKUX CMyYaeB U BbIMOMHEHHbIX KAMHUYECKUX UCCNeOBaHUIA CBS3aHO C
U3yyeHrem MpPOTUBOPAKOBO/ aKTWBHOCTU OLHOrO M3 MPOU3BOAHbLIX apTEMU3MHIMHA - apTecyHaTa. [laHHble, nony-
UEHHble pa3NYHbIMK UCCNeA0BaTENbCKUMI Fpynnamuy noka He No3BoAsT FOBOPUTb oSIPKO BbIPA>KEHHOW aK TUBHO-
CTW nocnegHero. OfHaKo yCTaHOB/EHb! (DaKTbl NPOANEHUSA YKN3HWU GOMbHbIX, YNYULLEHUS e€ KayecTBa, NOBbILEHNS
KOHTpPONs Hag 3abonesaHueM. 3aknoueHne. OnybnnKOBaHHbIE JaHHbIE KIMHUYECKNX CyYaeB W KNUHUYECKUX UCChe-
[IOBaHWiA, NpoBeAEHHbIX 3a nepuog ¢ 2001 r. no 2016 r., BCENSOT caep>KaHHbIl ONTUMKU3M N0 NOBOAY NepCneKkTUBbI
1CMNOoNb30BaHMA NpenapaToB Ha OCHOBE HEKOTOPbIX NPOU3BOLHbLIX apTEMU3UHUHA B OHKOMOT UK.

KntoueBble cioBa: CECKBUTEPNeHOBbIe NakKTOHbI, apTEMU3UHWUH, apTecyHaT, apTeaTep, apTeMeTep, pakoBble
3abonesaHus

A REVIEW OF CLINICAL STUDIES OF ANTICANCER ACTIVITY
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Artemisinin is a sesquiterpene lactone isolatedfrom the aerial part o fsweet wormwood (Artemisia annua L.) in
the 1970s. Based on its derivatives, the most effective medicinesfor the treatment ofmalaria have been created and
are widely used. Over the past two decades, numerous in vitro and in vivo studies have been performed. They have
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shown the anticancer activity ofthese drugs in relation to certain cancer cell lines. The aim ofthe study is the review
the scientific information on the clinical cases and the results ofclinical trials carried out using drugs based on ar-
temisinin derivatives. Material and methods. The study was conducted with the use o finformation search (PubMed,
ScholarGoogle,) and library databases (Cochrane, eLibrary, Cyberleninca), as well as ResearchGate applicationfor
semantic search. Results and discussion. It has been established that the largest number ofknown clinical cases and
completed clinical studies is associated with the study o fthe anticancer activity o fone ofthe artemisinin derivatives -
artesunate. The data obtained by various research groups do notyet allow us to speak ofapronounced activity ofthe
latter. However, thefacts ofprolonging the life ofpatients, improving its quality, increasing control over the disease
have been established. Conclusion. The published data ofclinical cases and clinical studies performedfor the period
from 2001 to 2016, instill restrained optimism about the prospect o fusing drugs based on some artemisinin derivatives

in oncology.

Keywords: sesquiterpene lactones, artemisinin, artesunate, arteether, artemether, cancers

BBEAEHWE. Pak sBnsieTcsa BeAyweli MPUYMHOW
CMepTHOCTK BO BceM Mupe. B 2018 rogy oxupaetcs 9,6
MWNNNOHA CMepTeil oT aToro 3abonesBaHus. [no6anbHO
ofHa 13 6 cmepTein obycnoeneHa pakom [1]. B TeueHue
6nvKaNLWLNX ABYX AeCATUNETUIA OXKNLAETCA YBEUYeHne
ymncna 3abonesLINX pakoM NpumepHO Ha 70%. Hanbonee
pacnpocTpaHeHHbIMW OHKOMIOrMYecKMMU 3aboneBaHu-
AMU ABAAKOTCA: pak nerkmx (1,76 MunanoHa cmepTeid),
pak neuyeHun (782 000 cmepTeil), KOMOPEKTa/bHbIA pak
(862 000 cmepTeit), pak xenyaka (783 000 cmepTeit) u
pakK MonoYHol xenesbl (627 000 cmepTei).

MpupoaHble coegnHEHNS MPUMEHAOTCA B XUMUOTE-
panun paka 6onee 50 net [2-6]. N3 175 HM3KOMONEKY-
NAPHBbIX NPOTUBOOMYXO/MEBbIX MPENapaToB, BBEAEHHbIX
B Tepanuio B 3anafHbIX CTpaHax B TeYeHWe NocnefHuX
70 net, okono 49% 6bIAM NOAYYeHbl HENOCPEACTBEHHO
N3 NPUPOLHbIX COEAVHEHWNIA NGO MPOM3BOAHBLIX Ha UX
ocHoge [7].

B nocnegHue rogbl NpoBefeHO 60/bLIOE KOMMUYe-
CTBO MCCNe0BaHNIA MO M3YUeHMto in vitro u in vivo npo-
TUBOOMYXO0/EBON aKTUBHOCTU apTEMU3NHWNHA U €ro npo-
M3BOLHbIX, HA OCHOBE KOTOPbIX CO3JaHbl /IeKaPCTBEHHbIE
npenapatbl [8-14].

ApPTEMU3NHUHBI NPOABASAIOT CU/bHbIA NPOTMBOONY-
X0NeBbl 3P¢EKT B OTHOLLIEHMNMN Pa3HbIX IMHWIA PAKOBbIX
KNeTokK yenoseka. OfHaKO MexaHW3M 3TON aKTUBHOCTM
[0 KOHLA He MoHAT [15, 16].

ApPTEMU3UHUH - NPUPOLHbLIA CECKBUTEPMNEHOBbIN
NakKToH ¢ 1,2,4-TPMOKCAHOBOIN cUCTEMON Koneu,. Paspy-
LeHVe 3HAOMNEePOKCUMAHOIO (parMeHTa B ero CTpyKType
W, KaK cneactsue, obpasoBaHue CBOGOAHbIX PaanKanoB
06ycnaBnnBalOT He TOMbKO €ro MpoTUBOMANspUiHoOe
[leCTBME, HO M MPOTUBOOMYXONEBYH aKTUBHOCTL [17].
LinToTokcuyecknii aththeKT apTeMM3MHUHA BK/OYAET
€ro CBfi3b C MOHaMWU Xene3a. A MOoCcKoMbKYy 60/bLUNHCTBO
PaKoBbIX KNETOK (B CpaBHEHWUW C HOPMa/ibHbIMU) UMET
60nee BbICOKYHO KOHLIEHTpaLMIO peLenTopoB TpaHcgep-
pVvHa Ha CBOEi NMOBEPXHOCTW, TO MMEHHO 3TO B3auUMO-
[leicTBME ucCnefoBaTeNM XapaKTepusyoT KakK BaXHbIN
KOMMOHEHT ero MexaHu3ma NpoTUBOOMYXO/EBOro Aeit-
cTemsa [18].

CyLlecTBEHHbIM HEAOCTAaTKOM apTeMU3UHWHA, Kak
(hapMaLleBTUYECKOM Ccy6CTaHLMK, SBNSETCA ero naoxas
pacTBOPMMOCTL B BOAE M NMMOGUAbHbIX cpedax [19].

ApTecyHaT, apTeMeTep U Apyrve npou3BoAHble ap-
TEMU3MHMHA 06NafaloT NyYlleli pacTBOPUMOCTBIO U, Kak

cneAcTsue, nyyleil 6GUOLOCTYMHOCTLIO B CUCTEMAX in
vitro u in vivo [20].

HecMOTpsi Ha MHOTOUUC/IEHHbIE UCCNE[0BaHUA NPO-
TUBOOMYXO0/IEBOM aKTUBHOCTU apTeMWU3NHUHOB, A0 Ha-
CTOALLEr0 BPeMEHM C006LWanoch AuWb 0 He6Oo/MbLLIOM
KONMYECTBE K/IMHUYECKNX WUCMbITAHUA W OTAeNbHbIX
KANHUYECKMX cnyyasx (tabnmuya 1).

LUENb NCCNELOBAHWMA - 0630p Hay4HOW WH-
hopMauMn No M3YYeHUO KIMHUYECKUX CMy4YaeB U pe-
3yNbTaTOB OCYLLECTBNEHHbIX KAUHUYECKUX UCMbITaHWUIA
C MCMNOMb30BaHWEM /IEKAPCTBEHHbIX CPeACTB Ha OCHOBE
NPOM3BOAHbIX apTEMU3UHMHA.

MATEPUAJIbI 1 METOAbI. WccneposaHue
NPOBOAMNOCL C MUCMO/b30BaHNEM WH(OPMALMOHHO-MO-
nckosbix (PubMed, ScholarGoogle,) n 616AMOTEUHBIX
6a3 gaHHbIX (eLibrary, Cyberleninca), a Takxxe npunoxe-
HusA ResearchGate Ans ceMaHTUYeCKOro Noucka.

PE3YJIbTATbI N OBCY>XXJEHWE. YacToTa BO3-
HUKHOBEHWA pakKa ropTaHu COoCTaBfseT NpUMepHo 45%
OT M3BECTHbIX BUAOB KapLMHOMbI F0M0Bbl U wWen [21].
Be3 neueHus 60MbHbIE paKOM ropTaHuU yMUParoT B cpef-
HeM B TeyeHue 12 mecaueB. JledeHMe NaLMeHTOB CTpa-
[aloLLMX NNOCKOKIETOYHON KapuMHOMOI ropTaHu - 370
nepBblii ONUCaHHbIN CyYali KIMHUYECKOro NPUMeHeHNs
apTecyHara, BOLOPacTBOPUMOro Npou3BOLHOr0 apTeMu-
3nHNHa [22].

MHbekLun pacTBOPOM apTecyHata ¢ nocnesyoLwmnm
NPUMeHEeHUeM ero TabneTMpoBaHHO OPMbl B TeYeHUe
[eBATU MECALEB CYLLLECTBEHHO YMEHbLUMWN pasmep ony-
X0NN Yy 75-NETHEr0 MY>UWHbI C AIMTENbHON UCTOpUei
XeBaHusA U KypeHusi Tabaka. KnuHuyeckoe obcnefoBsa-
HVe nokasano, YTo Moc/e HasHa4yeHusa npenaparta Wwei-
Hble NMM{aTUYeCKUe Y3/bl YMEHbLIMAUCH. JleyeHue
apTecyHaToM NpPOAAWAO0 BPEMS W Y/y4yLIUI0 KayecTBO
XU3HW 60NbHOro. lMauMeHT NPOXWA NOYTU OAWH TOA
M BOCEMb MecsLeB (4O ero CMepTu M3-3a MHEBMOHUN),
XOTS NieyeHne 6blN0 NPeKpaLLeHo Yepes AeBATb MecsLEeB
nocne Hadana.

HvKakux BUAUMBIX HE6NaronpuATHbIX MO60YHbLIX
3ekToB He HabnoAanoch, CBUAETENLCTBYS O TOM, UTO
apTecyHaT MOXeT 6blTb 3((PeKTUBHbIM 3KOHOMUYHbLIM
afbTepHaTMBHbLIM NpPenapaTom ANs NeYeHWs paka, 0Co-
6eHHO B C/yvasx NO3A4HEro ero BbIBEHWS, KOrga fo-
CTYNHble METOAbl NeYeHNs orpaHuyeHbl [22].

3/10Ka4ecTBEHHbIE MefaHOMbl cocTaBnAalT 1-3%
BCEX 3/10KaYeCTBEHHbLIX ONyXo0/ieil, HO MUPOBas TeHAEH-
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ApTecyHat

PUCYHOK 1 - XMMUUeCcKne CTPYKTYPbl apTEMU3UHMHA W €70 MPOU3BOAHbIX

uus 3a601eBaemMoCTy 3TUM BULOM paka CBUAETENbCTBYET
0 pe3KoM pocTe 3ToOM naronoruun o 6-7% B rog. 3a6o-
NeBaeMOCTb MeNaHOMOW MNpOoAOo/MKaeT pacTu ObICTpee,
4yeM N06bIM APYTUM BMAOM paka, 0COOEHHO Y MYXUMH
cTapuwe 50 net [23].

T.G. Berger ¢ konneramu [24] ncnonb3oBanun ap-
TecyHaT COBMECTHO C ApPYyrMMu XummoTepaneBTuue-
CKMUMW cpefcTBaMu A5 NevyeHUs ABYX MauueHTOB B
no3fgHel cTagumn yseasnbHOW MenaHoMbl. JledeHue Xo-
poOLIO NepeHOCUNOCh MalueHTaMu, He 06GHapyXuBas
No6o4YHbIX 3ekToB. ocne nevyeHns OAMH NayUeHT
NPOXWN B TeYeHWe 24 MecsaLeB, BTOPOW - B TeYeHUe
47 mecaues.

AfeHoMbl runogusa - [06POKaYeCTBEHHbIE HOBO-
06pa3zoBaHuA. XOTH CMEPTHOCTb OT TakuxX Onyxosnein
HM3Ka (ageHOMbl runogusa 06bIYHO MeANeHHO pacTyT
N He MeTacTasupytoT), OHU MOTYT Bbi3blBaTb BTOPUYHbIE
NaTonorun BBUAY AABNEHUS UN CKATUS XUIHEHHO BaX-
HbIX CTPYKTYpP FOM0BHOr0 MO3ra, Hanpumep, 3puTenb-
HbIX HEPBOB.
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ApTemeTep B TeyeHMe 12 mecsAueB MCNO/b30BaICA
ANa NneveHWUs 75-NeTHero My>UWHbI C MakpoaLeHOMOM
runogusa. CUMNTOMbI U pa3Mepbl ONyX0/iM 0CTaBa/IUCh
6€e3 U3MeHeHUiA, HO eé NNOTHOCTb YMeHbLUMNach. Jleye-
HVe apTemeTepoM 6blf0 MOME3HbIM U C TOYKM 3PeHUs
YNYULIEHUS KayeCTBa XU3HW NalueHTa.

ApTemeTep Obin BbIGpaH 415 leYeHNs, NOTOMY YTO
OH /IETKO MpPeosioNieBaeT reMaToaHLehanmyeckuii bapbep
N UMeeT [AINTeNbHbIV Nepuos BbiBeeHNUs U3 opraHu3ma
[25]. ABTOpbI chenany BbIBOA O TOM, YTO 3Ta MHOr00-
6eLlatoLLan HoBas Tepanua MOXET cTaTb 6e30MacHoin un
3()(heKTMBHOI anbTepHATMBON MPUMEHSEMbIM B HACTOS-
Lee BpemMa MeToAaM iedeHMs MakpoajeHoMbl runodusa
M Apyrux BUAOB paka.

Hanbonee pacnpocTpaHeHHbIMWU MPUYMHAMKN CMEp-
TW OT pakay MY>XX4UH ABNAKOTCA pakoBble 3a60/1eBaHus
Nerkux, npeacTaTesibHOM Xenesbl Y NPAMOA KULIKK; Y
XKEHLWUH - paK Nerkux, rpyan (MONOYHOIN Xenesbl) K
NpsMON KNWKK. ITK 4 Tna paka obycnaenmeatoT 46%
BCEX CMEepPTEelM OHKO/IOrMYecKuX 60bHbIX [22].
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Tabnunua 1.

Cy6cTtaHuusa /
npenapar

ApTecyHaT

ApTecyHaT

ApTemeTep

ApTecyHat

ApTeHumon-R
(aurugpoapTemm-
3MHMHA CYKUHK-
Har)

PEByﬂbTaTbl KNNMHWUYECKNX Cny4vaeB I/ICCJ'IG,E[OB&HVIVI I'IpOTI/IBOpaKOBOf/’I aKTUBHOCTMW NpenapaToB Ha OCHOBE apTeMU3NHNHA N ero NPOn3BOAHbIX

3aboneBaHune

[1nockokneTou-
HbI1 pakK ropTa-
Hn, 1l cTagusa

MerTtacTtasupy-
toLLan yseasnb-
Has menaHoma,
1V cTaguu

MakpogeHoma
runogusa

Peungusnpyto-
WWiA HEMENKO-

K/METOYHbIN pak
Nerxoro

LlepBrKanbHbIi
pak (ctaguum Il
n V)

[03bl / cnocobbl BBEAEHNSA U Yucno BospacT
0CO06EeHHOCTHU

NPUMEHEHUS TOB (B rogax) HUA

60 mr/geHb (nepsble 15 gHeid) 1 72
50 mr/geHsb (c 16 gHa u ganee) /
BHYTPUMbILLEYHO, per (B

70 78 9 Kypcos

Nie4yeHuA

50 Mr oguH pa3s u ganee 2°"50 2
Mr B fieHb/per 0S B COYETaHWN C
XUmmnoTepanmen

40 mr (npubnusmutensHo 0,5 mr/ 1 75
Kr) eXefHeBHO B TeueHmne 29

[Hen. 3aTem f03a apTemeTepa

CHWxanacb. NMpenapat BBOAUAN

yepes fieHb B TeYeHUe nocre-

aytowmx 30 gHeld. 3aTem - aBa

pa3a B Hefiento B TeyeHne 10

MecsLeB (per 0S) B coUeTaHuu ¢

Ny4eBol Tepanuei

120 mr B fieHb / BHYTpuBEHHO B 120 42 pHA

COYeTaHUN N XVIMVIOTepaI'II/IeVI

100 mr/geHb B TeyeHune 1 He- 10 39-70 28 gHei
fenu n 200 mr/geHs (per os) B
TeueHMe TPEX NOCNeayHLUx

Heaenb

Anutens-
nauuveH- nauveHToB HOCTb eye-

9 mecsueB

12 mecsiLeB

Bpemsa Havana
N OKOHYaHMA
nccnefoBaHuns

2001.01. -
2002.11.

2002.02. -

2004.11.

2004.04. -
2005.11.

2003.03. -
2005.12.

2008.08. -
2010.08.

Pe3ynbTarthl

Uepes 2 mMecsiLly onyxo/b YMeHbLIN- [22]
nacb Ha 70%. ANUTenbHOCTb XXU3HU
yBeNMUMnach Ha 8 MecsiLeB.

LnnTenbHOCTb XXU3HKM yBenuumnach Ha [24]
11 n 47 mecsLeB

C/MNTOMbI 1 pa3mep OMyXo/u ocTa- [25]
nncb 6e3 N3MeHeHW, Ho e NNOTHOCTb
CHU3MNach.

JleueHvie apTemMeTeEPOM Yy4YLINO Ka-
YeCTBO XKU3HU MaLMeHTa.

YBenuuunach CTeneHb KOHTPons 3a60-  [27]
NeBaHns

JeueHne apTCHUMONOM-H BbI3Baso [29]
K/IMHNYECKYIO PEMUCCUIO.
MpoAOMKUTENBHOCTb XU3HU YBENNYN-

nacb Ha 12 mecAaueB. dkcnpeccusa ps3,
peuenTopa anuaepmManbHOro gakTopa

pocTa u aHTureHa Kt-67 ymeHbLUu-

nacb, a aKcrnpeccus TpaHcgeppuHa 1
BO3pOC/a.

Ccblnkn
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Cy6cTtaHuusa /
npenapar

ApTecyHaT

Artemisia annua
Kancynbl

Bukanutymng

ApTecyHaT

[o3bl / cnocobbl BBEAEHUSA 1 Yucno Bospact Anutens-

3abonesaHve 0COBEHHOCTY nauueH- nauuMeHTOB HOCTb Neve-
NPUMEHEHUS TOB (B rogax) HWS
MerTacTasu- 100, 150, 200 wmr B fgeHb (per 23 39-73 8-12 Hepenb
pylounii pak  0s)
rpyav
KapunHoma 2 x 50 Mr gBaxxabl B feHb (23 1 80 11 mecaues

npoctaThl (3,5 [fHA); 3aTeM B TeyeHne 10 meca-
cM B anameTpe) LeB 5x50 Mr B feHb (Kancynbl

N MHOXECTBEH- per 0s)

Hble MeTacTasbl

- 2 Heflenu

2 x 150 mr gBa pa3a B Hegento / < 4 mecsLeB
BHYTPUBEHHO

Bpemsa Havana
N OKOHYaHWA
nccnegoBaHmns

2008.10,-
2011.09.

2014.03,-
2015.01.

Mpogon>keHnne Tabamubl 1

Pe3ynbTaThl Ccblnku

PesynbTaTbl MOKa3bIBalOT, YTO Henpe-  [32-34]
pbiBHOE NOTpebneHne apTecyHarta B
TeyeHue 4 Heflenb B fo3ax fo 200 mr
(2,2-3,9 Mr/Kr) B 4eHb XOPOLLIO nepe-
Hocunock 1 66110 6esonacHo. Moatomy
Ans ucnbiTaHnin gasel 11/ 111 aBTOpbI
PEKOMEHAYIOT 3Ty A03y. MOHUTOPUHT
6e30nacHOCTY AOMKEH BKNOYaTb PeTu-
Ky/NOUMWTbI, HATPUYPETUYECKNIA NenTuUg
B-Tvna, a Takxe ayAnonornyeckune u
HeBPOJIOrMYECKME UCC/IEA0BAHUS.

MPT-aHanun3 BbIABUN YMEHbLLUEHNE [35]
pasmepa NepBUYHOI ONYX0nu B Npea-
cTaTenbHol xenese Ha 50%, a Takxe
3HQUUTENbHO YMEHbLUEHHbIE MeTac-

Ta3bl B B 06nacTy Tasa. YpoBeHb MCA
cHuanncs ¢ 580,3 go 0,98 mKr/n.

YposHu MNMCA 1 ocTa3 nosbILWannUCh

[0 1245 mkr /nwn 434 ef / n cooTBeT-
CTBeHHO. MPT BbIABW/ NpOrpeccupyto-
LMe CKeneTHble MeTacTasbl, yKasblBas
Ha To, YTO onyxonb nNpuobpena pesu-
CTEHTHOCTDb.
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Mpogon>kexnne Tabamubl 1

[03bl / cnocobbl BBEAEHUS 1 Yucno Bospact Onutens-  Bpems Havana

L0V

Cy6cTtaHuusa /
npenapar 3aboneBaHue 0CO6EHHOCTU nauueH- nauuMeHTOB HOCTb fleye- U OKOHYaHMWS PesynbTathl Ccblnku
NpUMeHeHus TOB (B rogax) HUA nccnefoBaHuna
ApTecyHaT ApeHokapuu- 200 mr/geHb (per 0s) 23 (12 21-90 14 pHen 2009.03. - AnonTo3 6onee 7% pakoBbIX KNETOK [36]
HOMa TONCTOro naumeH- 2012.10. Habnogancay 67% n 55% nauneHToB
KULLeYHUKa TOB YNo- B rpynmnax, Nofy4aBLUMX apTecyHar 1
Tpebnsnm nnawe6o, COOTBETCTBEHHO. B pe3ynbTare
apTecy- NeyeHNs apTecyHaTom cHxeHve KIG7 u
Hat, a | | yBenunyeHune akcrpeccun CO31 coctas-
- nnaue- nsno 0,89 1 0,79 cOOTBETCTBEHHO.
60) B TeueHune 42 mMecALeB peLnamBbl age-
HOKapLMHOMbI TO/ICTOMO KULLEYHMKA
Habnoganucb y 1 nauneHTa B rpynne
apTecyHaTa My 6 naumeHTOB B rpymnne
nnaue6o.
ApTecyHaT ConupgHas ony- 8, 12, 18, 25, 34,45 mr/Kr 19 58 net 3 Hefenu 2015.01- MakcumanbHo gonycTtumas (nepe- [37]
X0/b (BHYTpPUMBEHHO) 2016.12. HOCUMas) [03MpoBKa - 18 mr/kr. OT-
CYTCTBWE BbIPAXEHHbIX KMHNYECKNX
3(hpeKTOoB, BA3AHHOE C HU3KOM A03U-
POBKOI1 npenapaTa
ApTemeTep ConugHas ony- 20 mr 21 (nep- 16 Hepenb 2014.10. - VccnepoBaHue npogomkaercs NCT02263950
X0nb Bas rpyn- 2016.10.
na)
ornpejenseTcs B COOTBETCTBAM 66 (BTO- 28 pHel
C pe33WbTaTaMu B NePBOW rpyn- pas rpyn-
ne / c3"6NMHrBa/IbHbINA Cripeit na)
ApTecyHaT enaTtouen- 200-400 mr/geHb (per os) 15 14 nHeit 2014.11. - ViccnepoBaHue 3aKOHYEHO NCT02304289
NoNApHasn Kap- 2017.06.
LUnHoMa
ApTecyHaT LlepBukanbHas 50 mr/geHb (5 gHeid), 200 mr/ 30 28 Hepfenb 2015.02, MpopomkaroLeecs nccnefoBaHune NCT02354534
MHTpasnuTe-  feHb (5 aHeil) / cynnosutopun 2018.02.
NnanbHas Heo-
nnasus, M-
cTagus
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KnuHunyeckoe nccnegosanue Z.Y. Zhang ¢ coaBTopa-
MW CTaBWIO OfHOM M3 Lienei cpaBHeHME 3PPEKTUBHOCTHU
M TOKCUUYHOCTW XMMMUOTepanuii ¢ UICNoMb30BaHNEM apTe-
CyHaTa B COYeTaHUW C BUHOPENOMHOM 1 LUCNNaTUHOM B
NeYeHnn NPOrpeccupyroLLero HeEMeKOKIETOYHOIO paka
nerkoro [26]. Cto gBaguaTtb MauyMeHTOB C HEME/IKOKJ/e-
TOYHbLIM PaKoM Nerkux cyyainHslM 06pa3om pasgenunu
Ha gge rpynnbl. OgHa n3 rpynn (KOHTposbHas, 60 naym-
€HTOB) Nonyyvana 06bIYHYIO XMMMOTEpPanuio, BTopas (1c-
cnepyemas rpynna, 60 naunWeHToB) - KOMOVHUPOBaHHYHO
C MCNONb30BaHUEM apTecyHaTa.

MauneHTOB B KOHTPONLHON rpynmne fevynnu BUHO-
penbuHoM (BHYTPMBEHHAA WHbBEKUWS) M LUCNNATUHOM
(BHYTpVBEHHO, KanefbHo). MauueHToB B Uccnesyemoi
rpynne - c Mcnonib3oBaHMem 6a30Boi Tepanun (MAeH-
TWYHOW KOHTPONLHOW rpynne) u aptecyHaTta (120 mr
B [€Hb, OAHOKpaTHas BHYTPUBEHHAA MHbEKUMA). Bblno
npoBefeHO ABa 21-AHEBHbIX Kypca NeveHuns.

ABTOpbI CTaTbM B 3aK/OYEHME COOOLMUIN, YTO He
6b1710 CYLLLECTBEHHbIX Pa3NYNiA B KPAaTKOCPOUHOM, cpef-
HECPOYHOW BbDKMBAEMOCTU U BbXXUBAEMOCTU B TEYEHUe
1 roga mMexay uccnefyeMmoi U KOHTPONbHOM rpynnamu.
lMokasaTenn ypOBHS KOHTponsi 3abonesaHus (88,2%)
N BPEMEHU €ro pemuccun (24 Hegenw) B muccnegyemoi
rpynne 6bi1x Bbille, YeM B KOHTPONbHOW (72,7%, 20 He-
fenb) (p <0,05). He 66110 06HapYyXXeHO CYLL,ECTBEHHOW
pasHuLbl B TOKCMYHOCTU (MUENOCYnpeccus n peakuyuu
CO CTOPOHbl CUCTEMbl MUWLLEBAPEHUS) WUCMNONb3YEMbIX
[ABYMS rpynnamu fekapcTBeHHbIX cpeacTts (p> 0,05).

Takum 06pa3omM, aBTOPbl MCCNeLOBaHUA cAenanu
BbIBOA, UTO apTeCyHaT MOXeT UCNO0Nb30BaThea A4S feve-
HWUA HEMENKOKNETOYHOro paka ferkoro. 3ToT npenapar
BMeCTe C XMMMOTepaneBTUYECKUMUN CPefcTBaMM MOXeT
MOBbICUTb KPATKOCPOUHYHK BbDKMBAEMOCTb 6O/bHBLIX U
NpoAnTbL BPEMS pemuccum 6e3 JOMONHUTENbHbIX MO-
60YHbIX 3((eKTOB.

ApTeHumon-R (AurngpoapTeMU3VHUHA CYKLMHAT)
npeacTaBnseT coboil NMnoguabHOe NPOM3BOAHOE ap-
TeMusnHMHa. B pamkax peanusaumm Developmental
Therapeutics Program (IMporpamma passutua Tepanmun)
HaunoHanbHOro nHcTutyTa paka (CLLUIA) ycTaHOBMEHO,
YTO 3TO COefMHeHMe NPOSBNSET BbICOKYH LUTOTOKCUY-
HOCTb B OTHOLUEHWUMW BCEX UCCNeA0BaHHbIX MNHUIA pako-
BbIX KNETOK yenoseka [27].

28-[HeBHOE NeYeHne apTeHNMOIOM-R npuBoauno K
K/IMHUYECKOW peMnCCUmn 4IMTeNbHOCTbIO 0KO/o 6 Mecs-
LeB Y BCex naumneHTos. LLlecTb 13 10 nauneHTOB € N0o3f-
Hell cTagumein 3a6oneBaHNa NPoXXunn 6onee 2 net [28].

ABTOpPbI NPULLININ K BbIBOAY, YTO 04EBUAHbIA 3thheKT
MCYE3HOBEHUA CMMNTOMOB W YBe/MYeHWEe BbIKUBAEMO-
CTU 60/bHBIX TPeBYT 60/bLUNX PaHLOMU3UPOBAHHbIX
KOHTPO/IMPYEMbIX MCCNefoBaHWA C  WUCNONb30BaHUEM
NPOAO/HKUTENIBHOTO U, BO3MOXHO, HerpepbIBHOIO nepu-
0Ja BBeleHUS 1eKapCTBEHHOrO CpeAcTBa.

Pak rpygu (Mono4Hol »enesbl), 6€3yCcn0oBHO, ABMA-
eTcs Haubonee YacTbiM OHKO3ab0NEBaHWMEM CPEAU YKEH-
LWMH 1 cocTaBaseT NpumepHo 25% BCex HOBbIX Cy4yaes
paka, 3aperucTpupoBaHHbIX BO BCeM Mupe [29].

MockonbKy 3(eKTMBHOCTb fie4eHnsi 60MbHbIX pa-
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KOM MOJIOYHOMI Xene3sbl, Noayyalowmnx XMMuoTepanutio,
cocTas/ifeT Tonbko 50-70%), aKTyasieH MOUCK HOBbIX Jie-
KapcTBeHHbIX cpeacTs [30].

WMccnepoBanme Th. Ericsson un ero konner [31] ceoeit
LIeNbio OMpeaensno BO3MOXHOCTb OXapaKTepm3oBaTb Mo-
NYNALNOHHYIO (PapMakOKMHETMKY apTecyHaTa (no npo-
OYKTY ero metabonusma - AUrngpoapTeMUsvHUHY) BO
BPeMS A/IMTENbHOr0 /leYeHNs NaLMeHToB ¢ MeTacTaTuye-
CKMM pakoM MOJIOYHOM Xenesbl N OLEeHUTb NOTEHLMaslb-
HYIO0 3aBMCUMOCTb (hapMaKOKMHETUYECKUX NapameTpoB
OT BPEMEHW. ITU AaHHble 6bINN NOYYEHbl NPY NeYeHNN
23 naymeHTOB, Mony4vaBwmx aptecyHat (100, 150 wam
200 wr per o0s). MepBas rpynna naymeHToB (6 naumeH-
TOB) NpuHuMana 100 mr apTecyHaTa. [Be apyrue rpyn-
nbl nony4vanu améo 150 mr (7 nauymneHTtos), nm60 200 mr
(10 naumeHTOB) apTecyHaTta OfiMH pa3 B AeHb.

B pesynbTate, nocne AauTenbHoro (> 3 Hepenb)
€XeJHEBHOro nepopanbHOro BBEAEHUS apTecyHarta y
601bHbIX Habnoaanock ysenmyeHne (Ha 24,9%) anumu-
Hauuu AurngpoapTeMuU3nHUHE, UTO, MO MHEHUIO aBToO-
pOB MUCCNeA0BaHWs, YKas3blBasio Ha MOTeHLMan ayTouH-
AyKuumn metabonmnsma. Bbin Takxe cfienaH BbIBOS, O TOM,
YTO HabnoLaemas Koppenaunus Mexxay KoHLeHTpauuamm
AMrnapoapTeMuU3MHWHA B CMIKOHE M B Mnfasme npegno-
naraeT BO3MOXHOe UCMO0Mb30BaHMe 0T60pa CAOHbI NpK
(hapMakKOKMHETUYECKMX nccnefoBaHnax [31].

Lns uccnegosaHus 6e3onacHoCTM apTecyHara (Biu-
AHWSA Ha CMyX) B 3TOM MCCNeOoBaHMU NPOBOAMIACH ay-
LMONornyeckas OLEHKa KaxAoro nalueHTa go npuema
apTecyHaTa u nocne 4 Hegenb Tepanuun [32, 33]. Heob-
XOAMMOCTb 3TOr0 U3yyeHus Bbina Bbi3BaHa TeM, YTO Ha
aTane TeCTMPOBaHWA Y YeTbipex NauuMeHTOB OTMeYanuch
Npo6eMbl CO CNYXOM, BO3MOXHO, CBf3aHHble C NpuUMe-
HeHueM apTecyHaTa. OfHAaKO HW OfUH W3 3TUX (haKTOB
He 6bln KnaccuuuupoBaH Kak TsKenoe He6naronpu-
ATHOE CO6bITWME U He TpeboBan MpepbiBaHUA NEYeHUs.
Y ueTblpex NaumeHTOB 6blM OTMEYeHbl NOBGOYHbIE §B-
NeHuns, CBSA3aHHble C BECTUOYNAPHOM CUCTEMON, 04HO U3
KOTOPbIX 6bI10 KaccumumpoBaHo Kak Tsenoe Hebna-
ronpuaTHoe cobbiThe. Mpu 3TOM OHO 6bI0 MOSIHOCTHIO
yCTpaHeHo noc/e NpekpalLeHuns BBeleHNs apTecyHaTa.

Takum 06pa3om, HW OAWH M3 60/bHBLIX MOcne Ye-
TbIpEXHeeNbHOW Tepanun apTecyHaTOM He XapakTe-
pr3oBanca CUMNTOMaMy KakoW-nmbo [0303aBUCUMOWA
TOKCMYHOCTM Ha opraH cnyxa. TeM He MeHee, aBTOpbI
MPULLN K BbIBOLY, YTO AOCTOBEPHbLIA MOHUTOPUHT NpY
JanbHeNWNX KNNHUYECKUX UCCNefoBaHUsAX C LAUTeNb-
HbIM nepopasnbHbIM MPUMEHEHNEM apTecyHaTa B [03aX
[0 200 Mr exxegHeBHO onpaBgaH [32].

Fr.-W. Michaelsen ¢ coaBTtopamu [34] coobwmn o
naumeHTe 80 fneT, cTpajatoLLeM NPorpeccupytoLLein ony-
XO/blO MpefcTaTelbHOM Xenesbl, YTO NOATBEPXAEHO pa-
ANONOTUYECKMMU U UMMYHOTUCTOXUMUYECKAMU METO-
famu. MayneHT 6bl1 roCNMTanu3nMpoBaH BBUAY OCTPOM
3a[1epPXKKM MOUM.

YpoBeHb  npocTaT-CneunmMyeckoro  aHTUreHa
(MCA) nosblwancs 4o > 800 mkr/n. MauneHT nonyyan
50 mr (cytouyHas gosa) 6ukanotamupa 14 gHeidl. Ony-
X0/b 6blNa 0XapakTepnsoBaHa Kak ctagna pT3bN1M1 co
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3Ha4yeHneM 8 no wkane Gleason. AHann3 nokasan pac-
LUMPEHHBIN KOCTHBIA MeTacTas.

MaumneHTy Ha3HauMnM NpUeM KoHLUeHTpaTa Artemisia
annua (Kancynbl no 50 Mr) ABa pa3sa B AeHb, 3aTeM feye-
HWe NPoJo/MKaNK, yBenuynBe o3y A0 NATU Kancyn B AeHb
(tabnmua 1). CHwkeHne nokasaTensi NMCA n perpeccus
Onyxo/u, Kak 6bl10 YCTaHOB/IEHO C MOMOLLbIO MarHuT-
HO-pe30HaHCHO ToMorpaduu, Habnaaamcs B npoLecce
NeyeHns), a 3aTeM eLLE B TeYeHMe HECKObKUX MeCsLEB.

TeM He MeHee, NONHasA perpeccus onyxonu He 6bina
pocturHyta. CeMb MecsaueB cnycts yposeHb [NCA un
0CTa3 yBe/IMUYUANCh, YTO YKa3blBaso Ha peuuauB ony-
XOMN N MeTacTasbl B CKeneT. 3aMeHMB MpuéM Kancyn c
Artemisia annua MHbeKuMAMK apTecyHata (2 x 150 mr
[iBa pasa B Hefje/ll0 BHYTPMBEHHO), NPEKpPaTUTL peLnans
Onyxonu He yfanocb. Tem He MeHee, aBTOpbl UCCeao-
BaHWA CAenanun BbIBOL, YTO JaHHas Tepanus no3sonmna
CHWU3WTb YPOBEHb MeTacTasvpoBaHUA ONyxoau U NoBbl-
CUTb KOHTPOSb Haf, 3P(EKTUBHOCTLIO SIEUEHMS.

S. Krishna v Konnern npoLeMOHCTPUPOBANIU pesy/ib-
TaTbl OHOLEHTPOBOrO, ABONHOIO CMenoro nnawe6o-KoH-
TPO/IMPYEMOrO WCCMEef0BaHMs CO CHanaHCMPOBAHHON
paHgomusaumein naymeHTos (1:1), npoBeAaeHHOro B J10H-
[lOHCKOM YHuBepcuTeTe CB. [eoprus, BenukobputaHum
n St. George’s Healthcare NHS Trust.

MaumneHTbl, NpUHUMalOLW e TabneTkn ¢ apTecyHa-
TOM B JONONHEHWE K CTaHAAaPTHON Tepanuum, UMenu npe-
MMYLLLECTBO B BbXMBaHUN [35].

MepBNYHON XapaKTepUCTUKON 3DPEKTUBHOCTM fe-
YyeHUs 6blna JONA OMYXONeBbIX KMETOK, MOABEPrLLMXCS
anonTosy. BTOpUYHble UMMYHOrMCTOXUMUYECKME pe-
3yNbTaTbl OLLEHMBANN MO OMYyX0NeBbIM Mapkepam: VEGF,
EGFR, c-MYC, CD31, Ki67 1 p53 1 KAUHWYECKUM pe-
3ynbTaTam.

ApTecyHaT He CHMXXan anonTo3 0MyX0neBbIX KNeTOK
B 3TOM WCCMEA0BaHNM, a CKOpee YMeHbLUIaN 3KCNpeccuto
Ki67 - BaXHOro mapkepa NporHo3a npu KonopekTab-
HOM pake.

3TN AaHHble cOornacyloTcs ¢ HabngeHusMu, che-
NaHHbIMW NPU NeYeHUn BONbHBIX, CTPafAOLLMX PakoM
Lerikn MaTkn [28]. ABTOpbI NCCnefoBaHUst 06HapYXnn
MEHbLUYI0 BEPOSTHOCTb PELMMBOB aHHOro Buaa ony-
X0Mun Yepes 42 mMecsLa Nocne nevyeHnst apTecyHaToM.

MepBoe nccnefoBaHye Ha CONMAHOM onyxonu 6b110
nposegeHo J.F. Deeken ¢ coaBTopammu [36]. ABTOpbI
YKasblBalOT, YTO Cpefu BO3MOXHbIX MEXaHW3MOB Mpo-
TUBOPaKOBOW aKTUBHOCTW MPOU3BOAHOrO apTeMU3NHU-
Ha - apTecyHaTa paccmaTpusanuch nospexgeHue AHK,
NHIrM6upoBaHue aHrnoreHesa, TRAIL-onocpeaoBaHHbIl
anonTo3 W WMHrMbMpoBaHUe CUrHaNbHbIX NyTei. Bbino
BbIMNONHEHO uMccnefoBaHue asbl | ana onpegeneHus
MaKCMMa/ibHOW NepeHOCMMOiA [03bl M [0303aBUCUMON
TOKCMYHOCTM apTecyHaTta npu BHYTPUBEHHOM BBEAEHUN.

INTRODUCTION. Cancer is the leading cause of
death globally. 9.6 million deaths from this disease are
expected in 2018. Globally, nearly 1in 6 deaths is due to
cancer [1]. The number of new cases is expected to rise
by about 70% over the next 2 decades. The most common

DOI:10.19163/2307-9266-2018-6-5-402-418

MaumeHTbl Nonyvanu pasHble fo3bl npenapata (8, 12,
18, 25, 34 n 45 Mmr/kr) B TeyeHne 21-4HEBHOrO UMKAa.
M3 19 nauueHTOB, y4acTBOBABLLMX B UCCNELOBaHUN, pe-
3ynbTaThbl 18 6b1M NPOaHAIN3MPOBAaHbl Ha TOKCUYHOCTb,
a 15 - Ha aekTmBHOCTb. [lo303aBUCKMas TOKCWY-
HOCTb onpefensnacb Npu BBOAUMBIX fo3ax 12 mr/kr (1
13 6 nauneHTtos), 18 mr/kr (1 n3 6), 25 mMr/kr (2 u3 2) un
NposiIBNANACh B HEATPONEHUYECKON mxopagke, peakuum
rMnepyyBCTBUTENBHOCTU, HapyLWeHUN PYHKLUMMN NeYeHu
M TOLWHOTe. MakcuManbHO gonyctumas (nepeHocumMas)
[03upoBKa 6blna onpefeneHa Kak 18 mr/kr. dapmako-
KWHeTMYeCKre napamMeTpbl apTecyHata U ero akTMBHOro
mMeTabonmTa AUrMApPoapTEMU3MHUHA KOPpPenupoBanun ¢
[,030i. Mpun aToM Habntoganack ymepeHHas KNMHU4YecKas
aKTUBHOCTb, T.e. 3a60/1eBaHMA Haxo4uN0Cb B CTabusib-
HOM KOHTPO/MIMPYEMOM COCTOSiHMU. OTCyTCTBME 60ree
3HauUTeNbHbIX 3NMEKTOB Ha BBeAeHME npenapata 6bi10
pa3oyapoBbIBAIOLLMM, C TOYKM 3peHUs UccnefoBateslb-
CKOM rpynnbl, 0COBEHHO C YYETOM HafeXHbIX pe3y/b-
TaTOB ABYX NMpefblayLunx LeCATUNETUN JOKIUMHUYECKNX
nccnefoBaHuin. cnonb3oBaHHble A0O3MPOBKY apTecyHa-
Ta He N03BOMWUAN LOCTWNYb TOM KOHLEHTpaLuW npenapara
B KPOBY NaLMeHTOB, KOTOPble CPaBHUMbI C 3D(HEKTUBHbI-
MW 03aMUW NpU nccnefoBaHusx in vivo. No3aToMy aBTopsbl
CUMTAIOT, YTO JaNbHeLmne KNMHUYEeCKUe uccnesoBaHns
3TOr0 COeAMHEHUS C UCMO/b30BaHWEM albTePHATUBHbIX
rpagmkoB J03MPOBaHNSA ONpaBaaHbl.

3AKJ/TFOYEHWME. 3a nocnegHue ABa AecATUNETUA
OMuCcaH pag KNMHUYECKMX CyYaeB U NPoBeAeHbl KINHK-
Yyeckue uccnefoBaHUs npenapaTos Ha OCHOBE MPOU3BO-
[OHbIX apTeMU3UHMHA, UCNONb30BaBLUMXCA NPU NeYeHUM
60/bHbIX Pa3HbIMW BUAAMYU paka.

YCTaHOBNEHO, YTO Haubonbllee KOAMYECTBO ONy-
6/1MKOBaHHbIX JaHHbIX XapaKTepusyeT pesy/bTaTbl U3y-
YeHUs NPOTUBOPAKOBOW aKTUBHOCTW BOAOPaCTBOPUMOrO
MPOM3BOAHOI0 apTeMU3MHUHA - apTecyHaTta. [laHHble,
NofyyYeHHble pa3fIMYHbIMUA UCCNef0BaTeIbCKAUMU rpyn-
namu, Noka He MO3BOMSIOT FOBOPUTL O IPKO BbIPAXEH-
HON aKTUBHOCTWU nocnegHero. OAHAKO YCTaHOB/EHbI
(haKTbl NPOANEHUNA XU3HW BOMbHBIX, YNYULLIEHUA eé Ka-
4ecTBa, NOBbILEHNSA KOHTPONA Hag 3a60/71eBaHNEM.

C TOYKM 3peHUst HEKOTOPbIX MCCnefoBaTeNieil KoMm-
6uHauMa apTecyHaTta ¢ KnaccuyecKUMy XmmMmumoTepanes-
TUYECKMMU CPeAcTBaMU OCOBEHHO NepcrneKkTUBHA, Tak
KakK apTecyHaT obecrneuvBaeT He3aBUCUMbIA MeXaHU3M,
YCUIMBAIOLLNIA NPOTUBOPAKOBYHO aKTUBHOCTb 6€3 NoBbI-
LUEHNSA TOKCUYHOCTW.

KoM6rHauMoHHas Tepanusa C MCMOMb30BaHWEM W3-
BECTHbIX XMMMNOTEPaneBTUYECKUX CPeACTB B COYETaHUU
C HEeKOTOpbIMW MPOM3BOLHbIMU apTEMU3NHUHA, MOXET
cnocobcTBoBaTL pa3paboTke 6Gonee apgheKTUBHONM, Me-
Hee TOKCUYHOW 1 He,OpOro XMMmuoTepanmm HeKOTOPbIX
OHKO/0rMYecKmx 3a60neBaHui.

causes of cancer death are cancers of: lung (1.76 million
deaths), colorectal (862 000 deaths), stomach (783 000
deaths), liver (782 000 deaths), breast (627 000 deaths).
Natural products have played a major beneficial role
in cancer chemotherapy for over 50 years [2-6]. Thus,
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out of a total of 175 small-molecule anticancer drugs in-
troduced into therapy in Western countries over an ap-
proximately 70-year period, about 49% have been either
obtained from natural compounds directly or derived
from natural products [7].

Last years, a great many of researches were carried
out on studying anticancer activity in vitro and in vivo of
an artemisinin and its derivatives [8-14].

Artemisinins exhibit a strong antitumor effect on dif-
ferent lines of human cancer cells. However, the mecha-
nism of this activity is not fully understood [15- 16].

dapmayna n hapmakonorna T. 6 Ne 5, 2018

Artemisinin is a natural sesquiterpene lactone with
1,2,4-trioxane system of rings. The destruction of the
endoperoxide fragment in its structure and, as a conse-
quence, the formation of free radicals cause not only its
antimalarial effect, but also antitumor activity [17]. The
cytotoxic effect of artemisinin includes its bond with iron
ions. Since the majority of cancer cells (compared to nor-
mal) have a higher concentration of transferrin receptors
on their surface, the researchers characterize this inter-
action as an important component of its mechanism of
antitumor action [18].

CH3

CHs3

OH

Artesunate
Figure 1 - Chemical structures ofartemisinin and its derivatives

A significant drawback of artemisinin as a pharma-
ceutical substance is its poor solubility in water and lipo-
philic mediums [19].

The artesunate, artemether and other derivative arte-
misinins have the best solubility and, as consequence, the
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best bioavailability in vitro and in vivo systems [20]. De-
spite numerous in vitro and in vivo studies of the antitu-
mor activity of artemisinins, to date, only a small number
of clinical trials and individual clinical cases have been
reported (Table 1).



114%

Substance/

drug
Artesunate

Artesunate

Artemether

Artesunate

Artenimol-R
(dihydroar-
temisinin
succinate)

Artesunate

Table 1 - Results ofclinical cases and studies ofthe anticancer activity ofdrugs based on artemisinin and its derivatives

Cancer

Laryngeal squamous
cell carcinoma, Il stage

Metastatic uveal mela-
noma, IV stage

Pituitary
macroadenoma

Advanced non-small

cell lung cancer
Cervical cancer (stage

Il and 1V)

Metastatic breast can-
cer

Dose / method of application

60 mg / day (first 15 days)

50 mg / day (from day 16 on-
wards) / intramuscularly, per os
50 mg once and then 2 x 50 mg
per day / per os in combination

with chemotheraov
40 mg (approximately 0.5 mg/ kg)

daily for 29 days. Then artemether
dose was reduced. The drag was
administered every other day for the
next 30 days. Then, twice a week
for 10 months (per 0s) in combina-

tion with radiation therapy.
120 mg per day / intravenous in

combination with chemotheraov
100 mg/day for

one weeks and 200 mg/day for
three weeks of treatment / per os

100, 150, 200 mg/day (per 0s)

Number of
oatients
1

1

120

10

Age
(vear)
72

70 h
78

39-70

39-73

Duration of Start and End

treatment
9 months

9 courses of
treatment

12 months

42 days

28 days

8-12 months

of Studv
2001.01,-

2002.11.

2002.02. -
2004.11.

2004.04. -
2005.11.

2003.03. -

2005.12.
2008.08. -

2010.08.

2008.10,-
2011.09.

Results

After 2 months, the tumor has de-
creased by 70%. The duration of
life increased by 8 months.

The duration of life increased by 11
and 47 months.

Symptoms and the size of a tumour
remained without changes, but its
density lias decreased.

The artemether treatment was ben-
eficial in improving the patient’s
quality of life.

Disease control increased

Artenimol-R treatment induced clin-
ical remission. The duration of life
increased by 12 months. The expres-
sion of p53. Epidermal growth factor
receptor, and antigen Ki-67 de-
creased, and the expression of trans-

ferrin rcccotor orotein 1increased.
Results show that the continuous in-

take of ART for 4 weeks in doses up
to 200 mg daily was well tolerated
concerning neuro-audiological func-
tion at all doses tested in patients
with metastatic or locally advanced
breast cancer.
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Substance/

drug
Artemisia

annua cap-
sules

Bicalitumide
Artesunate

Artesunate

Artesunate

Artemether

Artesunate

Artesunate

Cancer

Prostate carcinoma
(3.5 cm diameter) and
extended ubiquitary
skeletal métastasés

Colorectal adenocarci-
noma

Solid tumour

Solid tumour

Hepatocellular

carcinoma
Cervical intraepithelial

neoplasia, stage 11-HI

Dose / method of application

2 x 50 mg twice daily (23 days);
then continued with 5 / 50 mg
capsules per day (10 months) /
per os

2 x 150 mg twice weekly / intra-
venous infusion

200 mg/day / per os

8, 12, 18, 25, 34,45 mg/kg/
intravenously

20 mg

determined according to the results
in the first group / sublingual spray
200-400 mg/day (per os)

50 mg/day (5 days), 200 mg/
dav (5 davs) / suooositories

Number of

patients
1

23 (12
patients in
artesunate
group, and
11- in
placebo
group)

19 58

21 (first
group)
66 (second

group)
15 —

30 —

Age
(vear)
0

21-90

Duration of Start and End

treatment of Studv

11 months 2014.03,-
2015.01.

2 weeks

< 4 months

14 days 2009.03. -
2012.10.

3 weeks 2015.01 -
2016.12.

16 weeks 2014.10,
2016.10.

28 days

14 days 2014.11. -
2017.06.

28 weeks 2015.02,-
2018.02.

Table 1 continued

Results

MRT analysis revealed a decrease of
the size of the primary tumor in the
prostate by 50% as well as consid-
erably decreased skeletal métastasés
in the pelvis area. PSA level dropped
down from 580.3 to 0.98 ug/l.

PSA and ostase levels rose to 1245
pg/l and 434 U/I, respectively, and
MRT revealed progressive skeletal
métastasés, indicating that the tu-
mor acquired resistance.

Apoptosis in >7% of cells was
seen in 67% and 55% of patients in
artesunate and placebo groups, re-
spectively. As a result of artesunate
treatment, the decrease in Ki67 and
the increase in CD31 expression
were 0.89 and 0.79, respectively.
During a median follow up of 42
months 1 patient in the artesunate
and 6 patients in the placebo group
developed recurrent colorectal ade-

nocarcinoma.
The maximum allowable (tolerable)

dosage is 18 mg/kg. The lack of
pronounced clinical effects associat-

ed with low dosage of the drag
Research continues

Research continues

Research continues
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THE AIM of study is to review the scientific infor-
mation on the clinical cases and the results of clinical
trials carried out using drugs based on artemisinin de-
rivatives.

MATERIAL AND METHODS. The study was
conducted with the use of information search (PubMed,
ScholarGoogle,) and library databases (Cochrane, eLi-
brary, Cyberleninca), as well as ResearchGate applica-
tion for semantic search.

RESULTS AND DISCUSSION. The incidence of
laryngeal cancer is approximately 45% of the known
types of head and neck carcinomas [21]. Without treat-
ment, laryngeal cancer patients die within an average of
12 months. The treatment of a laryngeal squamous cell
carcinoma patient with a water-soluble artemisinin an-
alog, artesunate, is the first report on the use of a daily
dose of artesunate for cancer treatment [22].

Injections with artesunate solution followed by the
use of its tablet form for nine months significantly re-
duced the size of the tumor in a 72-year-old man with a
long history of chewing and smoking tobacco. Clinical
examination showed that after the appointment of the
drug, the cervical lymph nodes decreased. Artesunate
treatment extended the time and improved the patient’s
quality of life. The patient lived for almost one year and
eight months (before his death due to pneumonia), al-
though the treatment was discontinued nine months after
the start.

No visible adverse side effects were observed, sug-
gesting that artesunate can be an effective, cost-effective
alternative for cancer treatment, especially in cases of
late detection, when available treatment methods are lim-
ited [22].

Malignant melanomas constitute 1-3% of all malig-
nant tumors, but the global incidence is rising dramati-
cally at the rate of 6-7% per year. The incidence of mel-
anoma continues to grow faster than any other type of
cancer, especially in men older than 50 years [23].

T.G. Berger et al. used artesunate together with other
chemotherapeutic agents to treat two patients in the late
stage of uveal melanoma. The treatment was well toler-
ated by patients without detecting side effects. After the
treatment, one patient lived for 24 months, the second for
47 months.

Pituitary adenomas are benign neoplasms. Although
the mortality from such tumors is low (pituitary adeno-
mas usually grow slowly and do not metastasize), they
can cause secondary pathologies due to pressure or con-
traction of vital brain structures, such as the optic nerves.

The artemether within 12 months was used for treat-
ment of a male 75-year-old patient with a pituitary mac-
roadenoma. The symptoms and the size of a tumour re-
mained without changes, but its density decreased. The
artemether treatment was beneficial in improving the
patient’s quality of life.

The artemether has been chosen for treatment be-
cause it easily crosses a hematoencephalic barrier and
has a longer half-life [25]. The authors have drawn a con-
clusion that this promising new artemether therapy may

DOI:10.19163/2307-9266-2018-6-5-402-418

provide a safe and effective alternative to currently used
treatments for pituitary and other cancers.

The most common causes of cancer death are can-
cers of the lung and bronchus, prostate and colorectum
in men and lung and bronchus, breast and colorectum in
women. These 4 cancers account for 46% of all cancer
deaths [26].

The clinical study of Z.Y. Zhang et al. was designed
to compare the efficacy and toxicity of artesunate com-
bined with chemotherapy by vinorelbine and cisplatin
in the treatment of advanced non-small cell lung cancer
[27]. One hundred and twenty cases of advanced non-
small cell lung cancer were randomly divided into sim-
ple chemotherapy group (control group, 60 patients) and
combined artesunare with chemotherapy group (trial
group, 60 patients).

The patients in the control group were treated with
vinorelbine (intravenous injection) and cisplatin (intra-
venous drip). The patients in the trial group were treat-
ed with the background therapy (identical to the control
group) and artesunate (120 mg, once-a-day, intravenous
injection). Two 21-day-cycles of the treatment were per-
formed.

In the conclusion the authors of the article informed
that there had not been any significant differences in
the short-term, medium-term survival rate mean, and a
1-year survival rate between the trial group and the con-
trol group. The disease controlled rate of the trial group
(88.2%) was significantly higher than that of the con-
trol group (72.7%) (P<0.05), and the trial group’s time
to progression (24 weeks) was significantly longer than
that ofthe control group (20 weeks) (P<0.05). No signif-
icant difference was found in toxicity between the two
groups, such as myelosuppression and digestion reaction
(P>0.05).

Thus, the artesunate can be used in the treatment of
advanced non-small cell lung cancer. Artesunate com-
bined with chemotherapeutic agents can elevate a short-
term survival rate and prolong the time to progression of
patients with advanced non-small cell lung cancer with-
out extra side effects [27].

Artenimol-R (succinate ester of artenimol) is a
low-molecular lipophilic compound of plant origin. This
molecule has been shown to display high cytotoxicity
against all human tumor cell lines of the Developmental
Therapeutics Program of the National Cancer Institute
(USA) [28].

A 28-day treatment of artenimol-R led to clinical re-
mission of about 6 months in all patients treated. Six of
the 10 late-stage patients survived after 2 years [29].

The authors have concluded that the apparent effect
of the symptom disappearance and a prolonged survival
warrant larger randomized controlled trials using a pro-
longed and possibly continuous period of drug adminis-
tration.

Breast cancer is by far the most frequent cancer
among women, accounting for approximately 25% of all
new female cancers reported worldwide [30]. Since the
effectiveness of the treatment of breast cancer patients
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receiving chemotherapy is only 50-70%, the search for
new medicines is actual [31].

The study of Th. Ericsson et al. [32] aimed at the
possibility to characterize the population pharmaco-
kinetics of artesunate and dihydroartemisinin during
a longterm daily artesunate administration in patients
with metastatic breast cancer and to evaluate potential
time dependency in pharmacokinetic parameters. Drug
concentration-time data from 23 patients, receiving ar-
tesunate (100, 150, or 200 mg per 0s), was analyzed.
The first group of patients (6 patients) took on 100 mg
artesunate. Two other groups received either 150 mg
(7 patients) or 200 mg (10 patients) artesunate once
daily.

Thus, a 24.9% increase in apparent elimination
clearance of dihydroartemisinin was observed after a
long-term (>3 weeks) daily treatment with oral artesu-
nate, suggesting a potential for autoinduction of metabo-
lism. The authors have also drawn a conclusion that the
observed correlation between salivary and plasma dihy-
droartemisinin concentrations suggests a possible use of
saliva sampling in pharmacokinetic investigations [32].

To exclude the ototoxic effect of artesunate and
confirm its safety for hearing, the audiological assess-
ment was performed with each patient before the in-
take of artesunate and after 4 weeks of therapy [33, 34].
During the test phase, four patients had adverse events
of the auditory system possibly related to the intake of
artesunate. However, none of these adverse events was
classified as severe, and they did not require treatment
interruption. Four patients had adverse events concern-
ing the vestibular system during the test phase, one of
which was classified as a severe adverse event. Howev-
er, that event was fully reversible after discontinuation
of artesunate.

Thus, none of the audiological results after 4 weeks
of therapy with artesunate showed any dose-limiting au-
ditory toxicity. However, the authors have concluded that
audiological monitoring in further clinical studies with
prolonged use of oral artesunate in doses up to 200 mg
daily is warranted [33].

Fr.-W. Michaelsen et al. [35] have reported about the
patient of 80 years old, suffering of a progressing tumour
of a prostate, which has been confirmed by radiological
and immunohistochemical methods. The patient has been
hospitalized because of an acute urine failure. The pros-
tate specific antigen (PSA) level was elevated to >800
Ag/l. The patient obtained 50 mg (daily dose) bicalut-
amide for 14 days. The tumor was staged as pT3bN1M1
and graded with Gleason score 8. The analysis showed
extended bone metastasis.

Then the patient obtained capsules with Artemisia
annua concentrate (50 mg) twice per day, later the treat-
ment was continued with five capsules per day (Table 1).
He decrease of the tumor marker and the regression of
tumor as analyzed by magnetic resonance tomography
(MRT) was observed upon Artemisia annua treatment
followed by a several months. However, the tumor re-
gression was not reached by treatment with Artemisia
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annua alone. Seven months later, PSA and ostase levels
increased, indicating tumor recurrence and skeletal me-
tastases. Substituting Artemisia annua capsules by arte-
sunate injections (2 x 150 mg twice weekly intravenous-
ly) did not prohibit tumor recurrence. Nevertheless, the
authors of the study concluded that this therapy allowed
to reduce the level of tumor metastasis and to increase
control over the effectiveness of the treatment.

S. Krishna et al. demonstrated the results of a sin-

gle-centre, double-blind, placebo-controlled trial with
balanced randomisation of patients (1:1) conducted at
St. George’s University of London, UK and St. George’s
Healthcare NHS Trust.

The patients taking artesunate tablets in addition
to standard therapy had a survival advantage [36]. The
primary outcome measure was the proportion of tumour
cells undergoing apoptosis. Secondary immunohisto-
chemical outcomes assessed these tumour markers:
VEGF, EGFR, ¢c-MYC, CD31, Ki67 and p53, and clin-
ical responses. Artesunate does not decreased apopto-
sis in tumour cells in our study, but rather reduced the
expression of a Ki67, an important marker of progno-
sis in colorectal cancer. These data are consistent with
uncontrolled observations made in cervical cancer [29].
The authors of the research found a trend to higher re-
currence-free survival probability at 42 months of fol-
low-up after artesunate treatment.

The first study of the anticancer activity of artemis-
inin derivatives on a solid tumor was conducted by J.F.
Deeken et al. [37]. The authors indicate that among the
possible mechanisms of anticancer activity of artemis-
inin derivative, artesunate, DNA damage, angiogenesis
inhibition, TRAIL-mediated apoptosis and inhibition of
signaling pathways were considered. A study of Phase
| was performed to determine the maximum tolerated
dose and the dose-dependent toxicity of artesunate when
administered intravenously. The patients received dif-
ferent doses ofthe drug (8, 12, 18, 25, 34 and 45 mg/kg)
during the 21-day cycle. 18 patients of 19 who partici-
pated in the study, were analyzed for toxicity, and 15 for
effectiveness. The dose-dependent toxicity was deter-
mined with injected doses of 12 mg/kg (1 of 6 patients),
18 mg / kg (1 of 6), 25 mg/kg (2 of 2) and manifested
in neutropenic fever, hypersensitivity reactions, abnor-
mal liver function and nausea. The maximum allowable
dosage was 18 mg/kg. The pharmacokinetic parameters
of artesunate and its active metabolite dihydroartemisi-
nin correlated with the dose. At the same time, moderate
clinical activity was observed, i.e. the disease was in
a stable, controlled state. The lack of more significant
effects after the drug administration was disappointing
in terms of the research team. The lack of more signifi-
cant effects after drug administration was disappointing
in terms of the research team, especially after the reli-
able results of the two previous decades of preclinical
research. The used dosages of artesunate did not allow
to achieve the concentration of the drug in the blood of
patients that are comparable with the effective doses in
in vivo studies. Therefore, the authors believe that fur-
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ther clinical studies of this compound using alternative
dosing schedules are justified.

CONCLUSION. Over the past two decades, a num-
ber of clinical cases have been described and clinical stud-
ies have been carried out on artemisinin derivatives used
in the treatment of patients with various types of cancer.

It has been established that the largest amount of the
published data characterizes the results of studying the
anticancer activity of a water-soluble artemisinin deriva-
tive - artesunate. The data obtained by various research
groups do not yet allow us to speak about its pronounced
anti-cancer activity. However, the facts of prolonging the

DOI:10.19163/2307-9266-2018-6-5-402-418

life of patients, improving its quality, increasing control
over the disease have been established.

From the point of view of some researchers, the
combination of artesunate with classical chemothera-
peutic agents is particularly promising, since artesunate
provides an independent mechanism that enhances anti-
cancer activity without increasing toxicity.

Combination therapy using known chemotherapeu-
tic agents in combination with some artemisinin deriva-
tives may contribute to the development of more effec-
tive, less toxic and inexpensive chemotherapy for some
oncological diseases.
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