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Tém tit:

Duorc chit phéng xa *F-Choline (18F -FCH) dugc sir dung trong chup xa hinh PET, PET/CT chén do4n ung thu tuyén
tién liét (PC) va ung thu biéu mé té bao gan (HCC). Hién tai, dwoc chit phéng xa nay chwa cé mit tai Viét Nam do
thoi gian ban ra vit ly cia Flo-18 chi 1a 110 phit nén dugc chit phong xa ¥F-FCH khong thé nhap khiu tir nwéec
ngoai. Lua chon duy nhat dé cé dwge chat nay phuc vu cho nghlen ciru lam sang va chan don bénh tai Viét Nam
1a ty san xuét trong nuwée. Muc dich ctia nghién ciru 1 diéu ché dwoc chit phéng xa *F-FCH dat tiéu chuin Duoc
dién chiu Au 2017 (EuPh2017). Phu’o’ng phap diéu ché ®F-FCH dwoc thuc hién trén thiét bi tong hop diéu khién ty
dong. Két qua thue nghiém da khang dinh dugec thoi gian tong hop 1 mé F-FCH la 402 phiit. Hi¢u suit tong hop
trung binh dat 15£5%. D9 tinh khiét héa phéong xa dat >99,9%, dap ng yéu ciu ciia Dugc dién EuPh2017 vé thude

dung cho ghi hinh PET, PET/CT.

Tir khéa: "*F-Choline, '*F-FCH, PET/CT, ung thu biéu mé té bao gan, ung thw tuyén tién liét.

Chi sé phin logi: 2.6

Pat van de

Choline 13 mot chit dinh dudng quan trong twong tu nhu
céc vitamin B va thuong hay dugc xép chung vao trong mot nhom
voi nhau, dugc coi nhu 1a thanh vién clia phiic hgp vitamin B
(vitamin B-complex). Choline gitip duy tri chirc ning céc té bao
cia ndo, déng vai trd quan trong dbi voi su phat trién toan dién
va hoat dong cua ndo bo. Nghién ctru cho thay, moi té bao déu
st dung choline aé tong hop phospholipid - thanh phan thiét yeu
trong tit ca cac mang té bao [1 1. bac biét, dbi voi té bao khdi u
¢ toc do phat trién nhanh s& hap thu choline cao dé dap tmg doi
hoi ting sinh mang té bao. D6 1a co s khoa hoc dé do tim va dinh
hinh khdi u ciia dugc chat choline gén hat nhan phong xa. Choline
gén hat nhan Flo-18 buc xa positron 1a 18-Fluoromethylcholine
("F-Choline, '*F-FCH) di duoc sir dung & chau Au cho ghi hinh
buc xa positron (Positron Emission Tomography/Computed
Tomography - PET, PET/CT) chan doan bénh ung thu tuyén tién
liét (PC) va ung thu biéu mo t& bao gan (HCC) [2, 3]. Tir nam
2001, dugc chit phong xa "F-FCH duoc san xuat bing céc thiét
bi thwong mai, diéu khién tw dong véi thoi gian tong hop 1 mé tir
30-50 phut, hiéu suét tong hop trong khoang 5-40%, do tinh khiét
héa phong xa ciia 'SF-FCH dat >95% [4-7]. Tuy nhién, dugc chat
8E-FCH chua c6 mat tai Vi¢t Nam do thoi gian ban rd cua nd chi la
110 phut. Sau khoang thoi gian trén, '®F-FCH ty phan ra con 50%
hoat do ban dau nén khong thé nhap khau. Lya chon duy nhat dé
c6 duoc duoc chat ndy 13 tw san xuat trong nudc. Nghién clru nay
dugc thyc hién nhdm didu ché dugc chét phong xa "®F-FCH trén
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thiét bi diéu khién tu dong C30ASModule [8]. Viéc diéu ché thanh
cong "8F-FCH s& tao thém cong cu tién tién, hiru hiéu cho nghién
ctru bénh, chan doén sém, theo ddi, danh gia két qua diéu tri va
kiém sodt tai phat cc bénh 1y lién quan dén ung thu, dic biét 1a cac
bénh PC va HCC tai Viét Nam.

Nguyén liéu va phuong phap nghién ciiu
Nguyén li¢u

Hoa chat va nguyén vat lidu dé tong hop tu dong F-FCH
gdm: bd hoa chét - K623TM (Choline Reagent Kit), bd nguyén
liéu - K628TM (Choline Cassette) va H,"*0 ham lwong *0 >98%
(Hing ABX). Hoa chat chuan dé kiém tra cht luong "*F-FCH
gdm: Dibromomethane (DBM), Dimethylethanolamine (DMEA),
Choline Chloride, Acetonitrile, Ethanol, Dimethyl Sulforxide,
Naphthalene-2-sulfonic acid va Phosphoric acid ¢6 do tinh khiét
HPLC (Hang ABX).

Thiét bi ding cho tong hop tu dong '“F-FCH gdm: may
gia toc Cyclotron 30 MeV (Hing IBA); may tong hop tu dong
C30ASModule; robot chia liéu don Theodorico; hé théng ghi do,
canh bao biic xa ADM (Hang Canberra) va cac Hotcell (Hang
Comercer).

Céc may kiém tra chat lugng 'SF-FCH gom: sic ky long cao ap
HPLC 1200; séc ky khi GC6850, Agilent; sic ky ban méng TLC
va hé do Gabi half life time (Hang Raytest).
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Abstract:

BF-Choline (**F-FCH) radiopharmaceutical is used in
PET, PET/CT scans to diagnose prostate cancer (PC)
and hepatocellular carcinoma (HCC). Currently, this
radiopharmaceutical is not available in Vietnam. Because
the physical half-life of Flo-18 is only 110 minutes then
BF-FCH radiopharmaceutical cannot be imported
from abroad. Therefore, the only option to have this
radiopharmaceutical for clinical research and diagnosis
is domestically produced. The purpose of the research
is to prepare F-FCH to meet the 2017 European
Pharmacopoeia standards (EuPh2017). The method of
preparing *F-FCH is carried out on an automatically
controlled radiochemical synthesis module. The
experimental results confirm that the total time of the
synthesis of an ®F-FCH batch is 40+2 min. Synthesis
yield is 15+£5% after decay correction. Radiochemical
purity is more than 99.9% that meets the requirements
of EuPh2017 for PET radiopharmaceutical.

Keywords:  'F-Choline, "F-FCH,
carcinoma, PET/CT, prostate cancer.

Classification number: 2.6

hepatocellular

Phwong phdp nghién ciru

Nguyén 1y tong hop duoc chit phong xa SF-FCH [4-7] gdm
cac budc sau:

Tao ra hat nhan phong xa Flo-18: bén bia 2 ml H,*0 bﬁng
chum proton nang lugng 18 MeV, cudong d6 38-40 pA tao ra Flo-
18 theo phdn ung sau:

1808 + Ipl N 18F9 + IIlo

Piéu ché hop chét trung gian Fluorobromomethane (FBM):
FBM dugc tao thanh tir phan ung gitta Dibromomethane (DBM)
voi Flo-18:

CH,Br, + '*F — CH,Br'*F + Br
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Diéu ché F-FCH: "*F-FCH dugc tao thanh tir phan tmg FBM
voi tien chat DMEA dugc tam trén cot hap phu dung méi khong
phan cuc, ki nude - C18Cartridge:

FBM + DMEA — ""F-FCH

Tinh ché '*F-FCH: thuc hién tach '*F-FCH khoi cac chat phan
tmg FBM va DMEA trén c¢t trao d6i cation CarboxyMethyl - CM
cartridge.

Thuc nghiém

Téng hop ty dong duge chét phong xa 18FW-FCH duoc thyc hién
trén thiét bi C30ASModule (so' do di€u khién nhu hinh 1) thong
qua di€u khién dong/md 19 van (bang 1).

o

Hinh 1. Giao dién diéu khién may C30ASModule téng hop tw dong
BF-FCH.

Bang 1. Ma tran diéu khién 19 van trén may C30ASModule.

Vo VI V2 V3 V4 VS Ve V7 V8 V9 VIO VI VI2 VI3 Vi4 VIS Ve VIT VI8

BL OB I20B B3 BB BB BB BB 13 13 13 OF OF OFF

B B 2B BB B3 B BB B3 B3 B3 13 13 OF ON OF OF

B 2B 1208 1B B3 B3 B BB B3 1B B B3 13 ON OF ON OfF

B4 B 2B B 2B B B BB B BB B 13 13 OF ON OF OF

B % 1203 B B 2B B 1B B B3 12 B 13 ON OF ON OF

B 23 1223 B 1212 B3 B 1B B 13 12 23 13 ON OF OF OfF

BB 123 B 1B BB L B B3 12 B 13 ON OF OF OF

B 2B 0B B 11N BB 1B B 12 B 12 OF OF OF OF

Tu V1-V15 1a ky hi¢u ctia cac van 3 ctra; V16-V19 1a cac van
1 cua. Tu B1-B8 la ky hiéu cac budc téng hop thyc hié¢n 1an luot tir
1 dén 8. Ky hiéu: 13 1a cira van thir 1 thong véi cira van thi 3; 23
la cra van thu 2 thong véi ctra van thir 3; 12 13 ctra van thir 1 thong
v6i cira van thir 2. Ky hi¢u ON la trang thai mo khoa van 1 chiéu;
OFF la trang thai dong khoa van 1 chiéu.

- Budce (B1): hép thu Flo-18 1én ¢t trao ddi anion ammoni
bic 4 (quaternary methyl ammonium - QMA), thu hoi nude giau
oxy-18:

Flo-18 tao thanh tir phan tmg '*O(p,n)'*F khi ban bia (target) 2
ml nude giau oxy-18 boi dong proton dugc gia the dén nang lugng
18 MeV, mat do dong 30-40 pA. Qué trinh bin bia két thuc, Flo-18



duoc chuyén vao binh chira trung gian. Dung dich nay dugc day
qua cot QMA vao binh thu hoi qua cac van V1, V2, V3, V4, V5
va V19 mo thong voi bom chan khong tao ap sudt Am trong binh
thu hoi (B1, bang 1). Ton 4m Flo-18 bi hap thu trén cot QMA. Cac
ion duong va nudc giau oxy-18 di tu do qua cot QMA vao binh
thu hoi.

- B2: rira giai Flo-18 tir c6t QMA chuyén vao binh phan tmg;

Dung dich rtra giai Flo-18 1a Kriptofix K222 pha trong
Acetonitril dugc déy qua cdt QMA qua cac van VI, V2, V3, V4
va V17 thong v6i bom chan khong tao ap sut 4m trong binh phan
ung (B2, bang 1). Két thuc B2, dung dich chtra Flo-18, Kriptofix
K222, Acetonitril va mot it nuéc giau oxy-18 dugc chuyén vao
binh phan ing. Vi Flo ¢6 d§ am dién 16n nén sy c6 mét clia nude s¢
lam giam do linh dong cua ion Flo-18, din dén giam hiéu suét flo
hoa DBM va h¢ qua la giam hi¢u sut tong hop 'SF-FCH. Kriptofix
gy cho bénh nhén ngimg tho va co gidt, vi vy can phai tach duoi
hét nudc va Kriptofix trong binh phan g,

Hiéu suat hfip thu Flo-18 trén cot QMA dugc xac dinh theo
cong thuc:

Y uptake (%) =100 x (A_absorp - A_elut)/A_absorp (1)

Trong do: A_absorp la hoat do phong xa tai QMA khi két thuc Bl
(mCi), A_elut 1a hoat d§ phong xa tai QMA khi két thuc B2 (mCi).

- B3: 1am khan Flo-18 trong binh phan Gng:

Néng nhiét do binh phan tmg 1én 110£1°C dé dam bao nudc,
Kriptofix, Acetonitril bi bay hoi va day ra khoi binh phan tmg nho
dong khi Héli thoi qua van V18; dong thoi van V16 mo tao ap suat
am trong binh chira thai va céc van tir V6 dén V15 mo thong cira
1-3 (B3, bang 1). Qua trinh lam khan kéo dai trong 3 phut.

- B4: diéu ché hop chét trung gian FBM (dang khi):

Giam nhiét do binh phan tmg dén 95+1°C, tao 4p suét Am trong
binh phan ung khi m¢ van V17 thong véi bom chan khong; dung
dich DBM chay vao binh phan tmg qua van V4, V5; ngit bom
chan khong, dong van V17 va V6 thong ctra 2-3 (B4, bang 1), gilr
5 pht.

- B5: diéu ché SF-FCH:

Giam nhiét d6 binh phan tmg dén 40+1°C, day khi FBM va
hon hop tir binh phan tmg qua 6 cot gdm 4 cot hap phu Silica ndi
tiép, 1 cot C18 da tim DMEA va 1 ¢ot CM. O nhiét do 40+1°C
cac chat khong bay hoi nhu Kriptofix, Natricarbonat ¢ lai binh
phén tmg. Céc chit DBM (bp=97°C), Acetonitril (bp=82°C) b bay
hoi mot phﬁn va bi gitt lai trén 4 cot Silica. Trong khi d6, FBM
(bp=9°C) ¢ dang khi bi gifr trén cot C18 va phan tng voi DMEA
tao ra "*F-FCH.

- B6: tinh ché '*F-FCH:

Déy 10 ml Ethanol qua cot C18 va ¢ot CM vao binh thai qua
cac van tr V8 dén V15, V16 noi thong bom hut chan khong, tao
ap suat am trong binh théi (B6, bang 1). Ethanol day toan b cdc
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chét ¢ trén cot C18 1a FBM, DMEA va '*F-FCH sang cot trao doi
cation CM. Tai ddy, chi '*F-FCH mang dién tich duong bi gitt lai
trén cot, cac chat FBM, DMEA va Ethanol di ty do vao binh thai.

- B7: rira Ethanol, tinh ché *F-FCH:

Pay 10 ml nudc cit qua cot C18 va CM dé rira Ethanol dinh
udt trén hai cot qua cac van tir V9 dén V15 va van V16 ndi thong
bom chan khong, tao ap sudt am trong binh thai (B7, bang 1). Két
thiic budc 7, trén cot CM chi con duy nhat 1 chat 1a 'SF-FCH.

- BS: giai hap thu'*F-FCH trén cot CM thu san pham cubi cing:

Dung dich giai hap thy'*F-FCH 13 5 ml NaCl 0,9% vo tring
duoc déy vao c¢dt CM qua cac van V12 dén V15 va mang loc 0,22
um, r6i vao binh chita sin pham, két thic qué trinh tong hop tu
dong dugc chit phong xa '*F-FCH.

Két qua va thao luan
Téng hop tw djpng “F-FCH

Qué trinh tong hop dugc ghi do lién tuc bing cac cam bién
nhiét do va cam bién phong xa. Cac so liéu ghi nhén dugc biéu
dien dang do6 thi trén hinh 2.

Budc 1 va 2 ctia qua trinh tong hop *F-FCH dién ra ¢ nhiét do
thuong (25-30°C). Két qua cho thdy, hoat d6 phong xa tai QMA
trong budc 1 c6 dang xung tang nhanh tir 0 dén 231,75 mCi (hinh
3a) va giam nhanh xudng con 14,95 mCi trong budc 2 (hinh 3b)
(thoi gian luu mdi bude 1a 2 phut). Higu suat hip thu Flo-18 trén
QMA ciia 3 mé tong hop '*F-FCH duoc trinh bay ¢ bang 2. Két qua
& bang 2 cho thay, hiéu suat hap thu Flo-18 trén c6t QMA cao nhat
dat 93,5% (theo phuong trinh 1).

HE THONG TONG HOP F18 - FCH

GRAPH TEMP

Hinh 2. Biéu dd nhiét do va hoat do trong qua trinh téng hop tw
dong "®F-FCH.

HE THONG TONG HOP F18 - FCH HE THONG TONG HOP FI$ - FCH
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Hinh 3. Giao dién diéu khién cua bwéc 1 va bwéc 2.
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Bang 2. Hiéu suat hap thu °F trén QMA.

Mé A_absorp (mCi) A_elut (mCi) Y_uptake (%)
1 230,74 29,05 87,41

2 231,75 14,95 93,5

3 305,44 29,23 90,43

Hiéu suét hép thu 90+3

'F trung binh

Budc 3 véi nhiét do 110+2°C, hoat d phong xa giam din theo
phén 1 ty nhién, thoi gian luu 8 phit. Bude 4 voi nhiét ¢ 95+2°C,
hoat d9 phong xa giam dan theo phan ra ty nhién, thoi gian luu
9 phit. Budc 5 v6i nhiét dd 40+2°C, hoat do phong xa giam dan
theo phan 12 ty nhién tir 200 mCi, thoi gian luu 16 phut. Budce 6,
7, 8 v6i nhiét dd 40+2°C, hoat d6 phong xa giam dot ngdt dén gia
tri phong khoang 45-50 mCi, thoi gian luu 3 phat. Cuoi cting voi
5 ml dung dich san pham 8F-FCH dugc chuyén sang Hotcell chia
liéu don. Tai ddy tong hoat do phong xa cua san pham duoc xéc
dinh (hinh 4).

Hinh 4. Hoat d6 cua "8F-FCH tai Hocell chia liéu don.

Hiéu suét tong hop SF-FCH dugc tinh nhu sau:

Hiéu suét tong hop chua cin chinh phan rd duoc tinh theo cong
thuc:

Y nondecay (%) = 100 x (A _fch/37)/(A_absorp x Y_
uptake/100) 2
trong d6: A_fch 1a hoat do ctia san phim cudi ciing khi két thiic
B8 (MBq).

Hiéu sudt tong hop da can chinh phan rd dugc tinh theo cong
thuc:

Y correct(%)=100x (A _fch/37)/[(A_absorpxY_uptake/100)
X (1/2)0109,77] (3)
trong d6: t 1a thoi gian tong hop 1 mé (phut).

Hiéu suat tong hop 'SF-FCH cta 3 mé duoc trinh bay trong
bang 3.

Bang 3. Hiéu suét tdng hop **F-FCH clia 3 me.

Mé A absorp Y uptake A feh t, thoi gian tong Y nondecay Y_correct
(mCi) (%) (MBg)  hop (phit (%) (%)

1 230,74 8741 2508 40 336 433

2 81,75 935 1550.68 38 19,34 2459

3 30544 90,43 126598 42 1239 16,15

Higu suit tong hop “F-FCH trung binh 11,70 15,02
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Két qua cho thiy, hiéu suétvt(;)ng hop trung binh dat 15+5%, san
pham cuoi cung dat tiéu chuén cia Dugc dién EuPh2017. Két qua
nay dugc danh gia twong tu cac nghién ciru da cong bo trude do
[4-7].

Kiém tra chit lwong sin phim *F-FCH

Chit lugng ctia san pham "“F-FCH phai dugc kiém nghiém
nhim dam bao cac chi tiéu doi hoi ciia dugc dién dé dugc cp phép
st dung trong thyc tién 1dm sang. Pinh danh, d9 tinh khiét hoa
phong xa va do tinh khiét hoa hoc cua dugc chét phong xa '*F-FCH
duoc kiém nghiém trén hé sic ky long cao ap (HPLC), sic ky ban
mong (TLC) va sic ky khi (GC). Két qua dugc trinh bay trén cac
hinh 5, 6, 7 va 8.

dignpich

Bhut

Hinh 5. Phé sac ky HPLC ctia mau chuan gém Saline, DMEA va
Choline.

909 xung/phit

0.00 ' AT 10000 ' 15000 T pnGt

Hinh 6. Phé sac ky HPLC ctia mau dwoc chat phong xa ®F-FCH.

Két qua xéc dinh thoi gian luu dinh danh trén HPLC Agilent
1200 béng detector khuc xa cua cac cht chuén: Saline 14 7,05+0,7
phut; DMEA 1a 11,18+1,2 phat va Choline 1a 12,50+1,3 phut
(hinh 5). Nhu vy phd dinh danh ciia "SF-FCH trén HPLC Agilent
1200 phai ¢6 thoi gian lwu trong khoang 13-14 phat. Pho sac ky
HPLC hinh 6 chi ¢6 1 dinh phong xa duy nht voi thoi gian luu 13
13,67 phut. Chimg to rang mau do c6 1 chat phong xa duy nhét la
8F-Choline va c6 o tinh khiét hoa phong xa 1a ~100%, 'F~ 0%
va khong co chat phong xa khac.

wod wungfphit
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Hinh 7. Phé sac ky TLC cua "*F-FCH.
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Hinh 8. Phé sic ky GC cua "F-FCH.

Theo tiéu chuén ciia Dugc dién EuPh2017 thi 'F-FCH c6 thoi
gian luu dinh danh trén TLC ndm trong khoang 30-80 mm. Pho
TLC (hinh 7) chi ra ring, mau "SF-FCH chi ¢6 1 dinh phong xa
nam & 79,7 mm. Chimg t6 mau do chi chira duy nhét 1 chat phong
xa 1a 8F-FCH va c6 9 tinh khiét hoa phong xa 1a ~100%, *F~0%
va khong ¢6 chat phong xa khac.

Két qua so sanh thoi gian luu ciia mau chuén va mau “F-FCH
chi ra ring, dung dich san pham "SF-FCH chi c6 4 thanh phan dung
moi 1a DMEA véi thoi gian luu 16,05 phit; DBM la 24,13 phut;
Acetonitrile 1a 4,06 phut va Ethanol 3,28 phut (hinh 8). Ham lugng
ciia cac dung moi trong san phdm cudi cing cua 3 mé duoc trinh
bay trong bang 4.

Bang 4. Chat lwong clia *F-FCH theo EuPh2017.

TT  Chi tiéu Chit lwgng theo EuPh2017  Dat dwgc (n=3)

| Cam quan Trong subt, khong mau Trong subt, khong mau
(Appearance)
Dinh danh Gamma counter xac dinh T,,=111£3 phut, Gabi

2 (Identification) dinh nang lugng photon 511 half life time

KeV; T ,=105-115 phut
3 pH 4,5-8,5 dung gidy chi thi pH  6,5+0,1 pH mét
4  DMEA <100 pg/ml 6010 pg/ml, GC
5 DBM <10 pg/ml 6+2 pg/ml, GC
6 Kriptofix <220 pg/ml <220 pg/ml, TLC
7 Acetonitrile <400 pg/ml <10 pg/ml, GC
8 Ethanol <5.000 pg/ml <4.000 pg/ml, GC
9 18F <5% 0%, HPLC va TLC
10 Tinh khiét hoa >95% >99,9%, HPLC va TLC
phong xa

Két qua kiém nghiém chi ra rang, chit luong cua san pham
BF-FCH dap tmg céc chi tiéu doi hoi cua Duoc dién EuPh2017
(European Pharmacopoeia 2017, Radiopharmaceutical Preparation
2017,1V-733, 734), dat yéu cau sir dung trong ghi hinh PET, PET/
CT chan doan bénh.

Choline dugc gan hat nhan Flo-18 1a 18-Fluoromethylcholine
("*F-Choline, "*F-FCH), ddy la dugc chat quan trong dugc sir dung
cho ghi hinh PET, PET/CT nham chan doan bénh. Nghién ctu
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trinh bay két qua diéu ché SF-FCH sir dung hé thiét bi tong hop
hoa xa tw dong C30ASModule. Két qua cho thiy, thoi gian tong
hop 1 mé 'SF-FCH 1a 4042 phut, hidu suét tong hop da can chinh
phan 3 phong xa 1a 15+5%. Chét luong '*F-FCH dat cac chi tiéu
doi hoi cua Duoc dién EuPh2017 d6i voi dugce chat phong xa dung
cho ghi hinh PET, PET/CT chén doan bénh. Viéc diéu ché thanh
cong F-FCH mo ra trién vong tao thém cong cu tién tién, hitu
hiéu cho cac bac sy nghién ctiru bénh, chin doan sém, theo doi,
danh gia két qua diéu tri va kiém soat tai phat cac bénh 1y co ty
16 tir vong cao lién quan dén ung thu, dic biét 1a PC va HCC tai
Viét Nam.

LO1 CAM ON

Nghién ctru 13 két qua ciia dé tai “Nghién ciru didu ché duoc
chat phong xa 18 F-Choline sir dung trong chup PET/CT chéan
doan ung thu tuyén tién liét” thudc Chuong trinh khoa hoc va cong
nghé trong diém cdp québc gia giai doan 2016-2020 “Nghién ctru
(g dung va phét trién cong nghé ning luong”, ma s6 KC05/16-
20. Nhom tac gia xin tran trong cam on Ban Chu nhi¢ém Chuong
trinh KC05/16-20 di trg gitip rat hiéu qua dé chiing toi hoan thanh
nghién ctru ndy.
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