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Nghién ciru ning cap quy trinh tong hop dwoc chit phéng
xa F-NaF quy md san xuat

Upgrading ‘8F-NaF radiopharmaceutical synthesis to scale production

Nguyén Khic Thit, Tféln Vin Dién, Bénh vién Trung wong Qudn doi 108
Bui Thanh Rin, Nguyén Vin Dinh,
Pham Tuin Linh, Nguyén Tran Linh

,TOm tat

Muc tiéu: Didu ché DCPX 8F-NaF 6n dinh & quy md san xuat 1000 + 100mCi/mé. Béi tuong
va phuong phép: Béi twong 1a DCPX 8F-NaF, str dung quy trinh héa tdng hop 8F-NaF & quy mo
1000 + 100mCi/15ml; NaCl 0,9%: 15ml; ban bia: Nang lvong: 18MeV, cwdng dd chum tia 35 -
36,5pA; Thoi gian ban bia 30 phuat; hda phéng xa: Thé tich NaCl 0,9%: 3ml; thé tich nwéc: 5ml;
thoi gian téng hop 15 phat; bd sung 12ml NaCl 0,9% vao lo san pham cudi. Tién hanh khéo sat
thoi gian ban bia phu hop dé tao ra lwgng 8F-NaF & quy moé 1000 + 100mCi/mé va thdm dinh
cac théng sé trong yéu cho quy trinh nay. Két qua: Hoat do phdng xa cla 8F-NaF tao ra tuyén
tinh v&i thdi gian ban bia tr 15 dén 30 phuat va véi 30 phat ban bia 1a c6 thé tao ra da 1000 +
100mCi F-NaF dap (rng muc tiéu cGa nghién ctu dé ra. Khdo sat cac thong sb trong yéu va san
lwong 18F-NaF thu dwoc cho thdy quy trinh tdng hop quy mé 1000 + 100mCi 6n dinh. San phadm
clia 3 mé lién tiép déu dat cac chi tiéu chinh theo Dwoc dién My 2020. Két luén: S&r dung cong
thirc va cac thdng sé ky thuat cho didu ché 8F-NaF & quy mé phong thi nghiém tai Trung tam
Cyclotron 30MeV, Bénh vién Trung wong Quan ddi 108 va thdi gian ban bia 30 phut dam béo
tdng hop 8F-NaF quy md 1000 + 100mCi/mé.

Tir khéa: 18F-NaF, théng sé tdng hop trong yéu, 1000 + 100mCi/mé.

Summary

Obijective: To modulate a stable *F-NaF at a production of 1000 + 100mCi/batch. Subject and
method: 8F-NaF, using a synthetic chemical process 8F-NaF at laboratory scale not exceeding
100mCi/batch. Synthesis formula: 1000 + 100mCi *8F-NaF/15ml, NaCl 0.9%: 15ml; bombardment
energy: 18MeV; Beam intensity 35 - 36.5pA, 30 minutes of bombardment; radioactive chemistry:
NaCl 0.9%: 3ml; Water: 5ml; Synthesis time 15 minutes; adding 12ml of 0.9% NaCl to the final
product vial. Investigating the appropriate bombardment time to produce *®F-NaF of 1000 +
100mCi/batch and verifying critical process parameters for this procedure. Result: The
radioactivity of ®F-NaF produced linear with a target shooting time of 15 to 30 minutes and with
30 minutes bombardment, it was possible to generate enough 1000 + 100mCi of *¥F-NaF to meet
the goal of the study. Investigation of the critical parameters and the yield of '8F-NaF obtained
showed that the 1000 + 100mCi synthesis process was stable. Products of 3 consecutive batches
met the main criteria according to the USP. Conclusion: Using the synthesis formula and
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specifications for the preparation of laboratory *®F-NaF not exceeding 100mCi/batch on a 30MeV
cyclotron at 108 Military Central Hospital and 30 minutes of bombardment can produce 1000 +

100mCi of 18F-NaF.

Keywords: 8F-NaF, important synthesis factors, 1000 + 100mCi/batch.

1. Dat van dé

18F_NaF la dwoc chat phong xa (DCPX) ngay
cang dwoc wa chudng cho xa hinh xwong bang
ky thuat PET va PET-CT do c6 dd nhay va do
dac hiéu cao hon so véi ky thuat xa hinh *°"Tc-
MDP/SPECT.

18F_NaF 1an dau tién dwoc Blau va cong sw
(CS) st dung tlr nhirng n&m 1990 dé chup hinh
xwong toan than, do dwoc chat phéng xa
(DCPX) nay c6 kha nang hap thu nhanh va tap
trung cao & xwong sau khi tiém va cho hinh anh
xa hinh xwong cé chét lwong cao [1]. Ngay tir
nam 1972, 8F-NaF da dwoc Co quan Quan ly
Thuéc va Thwc phdm Hoa Ky (FDA) cho phép
lwu hanh va s dung. Tuy nhién, do [*®F] phat ra
cac photon birc xa 511KeV c6 nang lvgng cao
trong khi ky thuat chup hinh PET khi d6 con chwa
phat trién. Mat khac, cac DCPX gén véi 2™Tc,
dac biét 1a *®°*"Tc-methylen diphosphonat (MDP)
cing nhw nhirng tién bd clia cadc may chup hinh
gamma camera thé hé méi da lam cho 8F-NaF
nhanh chéng bi thay thé [2]. Mot ly do khac khién
18E-NaF khong con dwoc wa chudng la do DCPX
nay cé thoi gian ban rd ngan (110 phut) nén khé
van chuyén di xa. Dén dau thap nién 1990, voi
sw ra doi ca may chup hinh positron (PET), 8F-
florid dwoc Phels va CS str dung trong chup hinh
PET toan than [3], [4]. Thoi gian gan day, ky
thuat chup PET ngay cang phd bién nho vao sb
lwong may gia tbc vong va may PET tang lén
khéng ngirng & cac nwéc phat trién va ca nhirng
nwdc dang phat trién, trong do cé Viét Nam da
lam cho®F-NaF ngay cang dwgc wa chudng tre
lai.

Trén thé gi&i, mot s6 module dwoc phat trién
tv module tbng hop'®F-FDG dé diéu ché cac
DCPX khac trong do co '®F-NaF nhw module
Synthera clia héng IBA, module
TracerLab®MXepe clla GE Healthcare ... Bén

canh d6 nhiéu tac gid ciing cong bé két qua
nghién ctru tbng hop 8F-NaF véi module tw ché
tao c6 thdi gian téng hop ngan (khodng 10 phut)
va hiéu suat tbng hop téi trén 95% [5], [6], [7].
Cac Trung tam Cyclotron & Viét Nam méi chi san
xuét 8F-FDG trong khi cac bac siy hoc hat nhan
va chuy&n nganh ung thw mong muébn cé thém
cac DCPX khac ngoai ®F-FDG nham phat trién
cac ky thuat chan doan méi. Tl nhitng két qua
nghién ctru vé xay dwng quy trinh tdng hop tw
dong quy md phong thi nghiém khéng qua
100mCi/mé trén bd kit va module tw thiét ké, ché
tao, chung toi tién hanh “Nghién ctru nang cap
quy trinh tdng hop DCPX 8F-NaF quy mé san
Xuat” voi muc tiéu: Diéu ché *F-NaF 6n dinh,
dap (ng yéu cau cda I4m sang.

2. P6i twong va phwong phap
2.1. Nguyén vt liéu, trang thiét bj
Nguyén vat liéu

Kit tbng hop gdm cac van 3 chiéu, cac 6ng
nhwa déo dwédng kinh 1mm va cut ndi bang nhwa
clrng cua Bioscan, xilanh nhwa 5ml cula
Vinahankook.

Phan module tbng hop gébm cé 6 mé to loai
23KM - K722 - 07V (Thai Lan) diéu khién qua
trinh 1én xuéng cta 2 xilanh va 4 van 3 chiéu
trong bo kit tdng hop, bang diéu khién vi mach.

Cac vat lieu khac: Khi nitrogen siéu sach
99,999%, khi heli siéu sach 99,999%, khi hydro
siéu sach 99,999%, nwéc giau O-18 trén 97%
cta Taiyo, NaF chuén cia ABX, NaOH cho phan
tich cia Merk, cot Carbopac PA 10 (4mm x
250mm) cuia Dionex, cot trao dbi anion QMA cla
Water, cot trao ddi cation CM ctia Water.

Trang thiét bi chinh: May gia téc vong
30MeV cua IBA, hé séc ky 1dng cao &p agilent
1200 c6 gén dau do phéng xa Nal (T1) nhap nhay
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va phdn mém x& ly phé gamma Ginastar cta
Raytest, hé phan tich phd gamma da kénh gan
dau do phéng xa Ge siéu tinh khiét va phan mém
Ginnie2000 ctia Canbera, hé chuan liéu phong
xa Curimentor ctia Brc.

2.2. Phuong phap
2.2.1. Xay dung quy trinh quy mé san xuét

S dung quy trinh héa téng hop ®F-NaF &
két qua nghién ctru quy mé phong thi nghiém
khoéng qua 100mCi/mé gbém cé cac budc sau:
(1) [*8F] dwoc van chuyén qua cot trao dbi cation
CM dé bat giir mot sé tap trong qua trinh ban bia,
sau do di qua cot trao ddi anion QMA da duoc
hoat héa bang dung dich NaHCO: 8,4%; (2)
Nwéc cat pha tiém dwoc chuyén qua cot QMA
dé rlra cac tap chét tan trong nwéc, ['8F] van
dwoc gilr lai trong cbt; (3) Dung dung dich NaCl
dang trwong dé rlra giai [*°F]; (4) Dung dich
[8F]NaF trong NaCl ddng trwong duoc loc qua
mot mang loc khuadn c& 0,22um. (5) Kiém
nghiém san pham.

Céc thdng sd s dung cho quy trinh tong
hop 1000 = 100mCi *¥F-NaF/mé nhuw sau:

Cong thirc bao ché: 8F-NaF: 1000 +*
100mCi; natri clorid 0,9%: 15ml.

Céc thong sb ban bia: Nang lwong: 18MeV;
Cuong dd chum tia 35 - 36,5pA; Thoi gian ban bia
30 phut.

Cac thong sb tbng hop héa phéng xa: Thé
tich natri clorid 0,9%: 3ml; Thé tich nwéc: 5ml;
Thoi gian téng hop 15 phat; bé sung 12ml natri
clorid 0,9% vao lo s&n pham cubi.

Tién hanh khao sat thoi gian ban bia phu hop
dé tao ra lwong ®F-NaF & quy moé 1000 +
100mCi/mé va thdm dinh cac théng sb trong yéu
cho quy trinh nay.

2.2.2. Thém dinh quy trinh

a) Muc dich yéu cau: Hwéng dan tdng quat
vé thdm dinh quy trinh diéu ché 8F-NaF.

b) Pham vi ap dung: Quy trinh diéu ché °F-
NaF.

c) Quy trinh san xuét va thdm dinh cac théng
sb trong yéu.

Bang 1. Cong thirc DCPX **F-NaF cho méot mé quy mé san xuéat 1000 + 100mCi

TT Thanh phan S6 lwong
1 BE-NaF 1000 = 100mCi
2 Dung dich NaCl 0,9% 15mL

Céc thdng sé chinh cho ban bia: Nang lwong gia tbc chum proton: 18MeV; théng sb cudng do
chum tia: SA = 2131 + 394, SM = 1199 + 512, QA = 9941 + 413; QB = 12224 + 180, QC = 12046 =+
420, QD = 8461 + 829. Cwdng dd chum tia: 35 dén 36,5uA. Thoi gian ban bia: 30 pht.

Cac thong sb tébng hop hoéa phéng xa: Thé tich NaCl 0,9% tham gia phan (ng: 3mL. Thé tich
nwéc tinh khiét: 5mL; Thé tich NaCl 0,9% bd sung lo s&n phdm cubi: 12mL; Thoi gian tdng hop: 15

phat.

Bang 2. Cac théng sé trong yéu can tham dinh

Giai doan

Théng sé6 tham dinh

Gi®i han cho

Phwong phap ohép

Ban bia H»8O va van
chuyén nguyén liéu sau
ban bia vao module tdng

hop hop

- Van chuyén nuwéc gidu oxy-18
sau ban bia sang module téng

Thwc nghiém Ty lé ra/vao > 99%
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- Bo kin cta kit téng hop
- Po tinh khiét héa phong xa cla

Khoéng ro ri > 95%

Téng hop HPX va tinhché | | z ‘. Thwe nghiém . ) i
X N san pham cuoi Thé tich  van
san pham N . . .. %
- B§ théng cla dwong truyen tw chuyén dat > 99%
module sang hotcell chia liéu
Ra vao cong ten no Thwc nghiém Phai dat yéu cau

Chia liéu phéng xa

Noi doc td clia san pham cudi

Thwe nghiém Phai dat yéu cau

V6 khuén s&n pham cubi

Thuwc nghiém Phai vd khuan

Mau the

Do dic diém diéu ché 8F-NaF ciing giéng
nhw cac DCPX danh dau véi ['8F] cho PET khac,
méi mé& san xuét chi co6 mot lo tdng chira san
phadm cubi va cé thé tich la 15mL nén viéc lua
chon mau sé tuy thudc vao tirng bwdc cla tivng
giai doan, c6 bwdc chi cé thé tham dinh 1 mau/1
mé va cé buéc cé thé thwe hién nhiéu hon.

3. Két qua

3.1. Khdo sdt méi lién quan thoi gian ban
bia va hoat dé phong xa ®F-NaF tao ra

Trong diéu ché 8F-NaF, ['8F] déng vai trd
nhw mdt nguyén liéu dau vao chinh trong qua
trinh tdng hop DCPX nay. Néu khong tinh dén

cac yéu té khach quan nhuv sw cb hé thdng, sw
cb cung cap dién, nwédc va cac 16i do thao tac ky
thuat gay ra, véi hiéu suét ctia quy trinh 6n dinh,
vé ly thuyét khi diéu chinh cuwéng d6 chum tia 6n
dinh, tdng thoi gian ban bia s& lam tang dong
tich hop va lwong ['8F] sé tang lén va dong thoi
cling tang san lwong 8F-NaF tao ra.

Trong thi nghiém nay, ching t6i s& dung
cong thirc diéu ché, cac thong sb ky thuat va quy
trinh diéu ché da dwoc khao sat & quy mé phong
thi nghiém dé tién hanh khao sat cwéorng d6 dong
tich hop (uA/h), thoi gian ban bia va hoat do
phéng xa ctia san pham 8F-NaF tao ra. Két qua
dwoc thé hién trong Bang 3.

Bang 3. Anh hwéng cta th&i gian ban bia 1én san lwong *°F-NaF
sau khi két thic tong hop (end of sythesis - EOS)

s A N . = 18
TR g | T | | Eosmer
1. X30-1 35,0 30 22,2 960
2. X30-2 36,0 30 21,0 960
3. X30-3 36,0 30 22,0 970
4. X25-1 36,5 25 20,5 820
5. X25-2 35,0 25 19,0 800
6. X25-3 36,0 25 20,0 830
7. X20-1 35,5 20 17,0 660
8. X20-2 35,6 20 16,0 650
9. X20-3 36,0 20 19,0 655
10. X18-1 36,5 18 13,5 550
11. X18-2 36,0 18 12,0 560
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12. X18-3 36,5 18 18,0 545
13. X15-1 35,0 15 10,0 430
14. X15-2 35,0 15 10,5 450
15. X15-3 36,0 15 10,0 450

TAt ca cAc mé san phdm déu cho hiéu sudt khoang 105 dén 115 phut, d6 tinh khiét hoa
tdng hop higu chinh vé thoi diém két thic ban  phong xa (HPX) > 95% va do tinh khiét hat nhéan
bia la trén 90%. 15 mau déu dwoc kiém tra mot > 99,9%. MOi quan hé tuyén tinh gitra thoi gian
sb chi tiéu chat lwgng chinh va cho két qua bao  ban bia, cwong do dong tich hop va HBPX cla
gdm phd gamma thu dwoc ¢ dinh chinh ¢6 ndng  san phdm *®F-NaF dugc dé hién trong Hinh 1.
lwong 511keV, thoi gian ban ra nam trong

mCi
1200

1000 -+
800
600
400
200
0 1 Phut
0 10 20 30 40
Hinh 1. Méi quan hé gitra thoi gian bén bia va hoat do phong xa 8F-NaF (EOS)

Bang 3 va Hinh 1 cho thay khi st dung nang lvong gia téc chum proton 1& 18MeV, cwéong do
chum tia trong khoang tir 35 dén 36,5pA, hoat do phéng xa cla 8F-NaF ting tuyén tinh véi thoi gian
ban bia tir 15 dén 30 phut véi hé sb twong quan R? = 0,99.

3.2. Tham dinh quy trinh diéu ché DCPX ‘8F-NaF tai Trung tam Cyclotron, Bénh vién Trung
wong Quan déi 108

3.2.1. Thdm dinh mét sé théng sé trong yéu
Két qua thAm dinh mdt sb thoéng sb trong yéu trén 3 mé DCPX 8F-NaF nhw sau:

Bang 4. Tém tat div liéu thwe nghiém vé cac théng sé trong yéu

Giai doan Théng sé Yéu cau Két qua

B:em bia nroc giau OXX_18 Vel van chuyén nwéc giau oxy-18 sau ban Ty lé van
van chuyen nguyen lieu sau |\ o o module tdng ho chuyén > 99% Dat
bén bia vao module tdng hop g g hop y °

N ] ’ Do kin cta kit tdng hop Phai c{at yeu Dat
Tong hop hod phéong xa cau

HPX) va tinh ché san phadm 5 ti iét ho 5 an phi
(HPX) p E)L?é?nh khiét h6a phéng xa san phdm > 95% Dat
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N A~ S . A . Ty é van
D6 thdbng cua dwdng truyen tr module y 2
sang hotcell chia liéu chuyen dat > bat
g 99%
. A Phai dat yéu
Ra vao cong ten no N y Dat
cau
Chia liéu phéng xa N O x <. Phai dat yéu
phong e No6i doc to cua san pham cuoi céﬁ y Pat
V6 khuan san pham cudi Phai vo khuan Pat

3.2.2. Thdm dinh d6 6n dinh cta ‘®F-NaF sén xuét & quy mé khodng 1000 + 100mCi/mé

Trong cac nghién clru trwde, ching t6i da danh gia dd 6n dinh cia DCPX 8F-NaF trong vong 8
gi®, két qua thu dwoc nhu trong Bang 6. Dé danh gia do 6n dinh cia DCPX 8F-NaF quy mé khoang
1000 + 100mCi/mé, chung t6i kiém tra moét sb chi tiéu chat lwong tai nhitng thoi diém khac nhau
trong vong 8 gid ké tir khi két thuc tdng hop & diéu kién nhiét dd phong tir 20 - 25°C. Nghién ctru trén

3 mé két qua thu dwoc thé hién trong Bang 5.

Bang 5. Danh gia dé 6n dinh cua DCPX ®F-NaF & quy m6 san xuat

Test USP 2020 EOS 8 gi®r 8gio(lo
nguworc)
2 Khéng mau, trong
Cam quan ; . Pat Pat Pat
suot, khéng hat

pH 4,5-8,5 Pat Pat Pat
D& tinh khiét HPX (%) = 95% Dat Pat DPat
T 105-11% Pat Pat Pat
Noi doc to <17,51UNV Pat Dat Dat

San pham 8F-NaF sau khi tdng hop 8 gio &
quy mé 1000 + 100mCi/mé khéng cho thdy co6 sw
thay déi vé mau séc, dung dich van trong subt va
khéng mau. pH cia san pham thay dbi khong
dang ké, sau san xuatla 7,5 + 0,5 va sau 8 gio la
7,50 + 0,75. Thoi gian ban ra ctia san pham trong
gi¢i han cho phép tr 105 - 115 phut. Sau 8 gid,
ndi doc t6 vi khudn cla san pham déu dwdi gidi
han cho phép. M6t chi tiéu quan trong la d6 tinh
khiét hda phéng xa tai cac thoi diém sau tbng hop
va sau 8 gi& déu cho két qua trén 95%. Két qua
trong Bang 5 cho thdy céc chi tiéu chinh cta 8F-
NaF khéng thay di sau 8 gi® va nut cao su khdng
c6 &nh hudng dén chat lwong cia sén pham.

4. Ban luan

DCPX 8F-NaF sau khi diéu ché theo cong
thrc va quy trinh thu dwoc & quy md phong thi
nghiém c6 hiéu suét tdng hop héa phéng xa trén
90% va 6n dinh trong vong 8 gi®’ & diéu kién moi
trwdng binh thwong. Trong téng hop héa phéng
xa, khi cac diéu kién tdng hop dwoc xac dinh 6n
dinh, san lwong san pham tao ra chi yéu phu
thudc vao lwgng hat nhan phong xa tham gia vao
phdn (ng héa phéng xa. Diéu nay cé nghia la
san lwgng sé phu thudc vao thdi gian ban bia.
Vé&i mdi modt ddng vi phéng xa sé can mot thoi
gian ban nhat dinh dé dat dwoc san lwong can
mong mudn ma khéng bi lang phi nang lvong va
nguyén vat liéu. Trong diéu kién nhét dinh va cé
thé dap (rng di nhu cau cha cac may PET/CT
hién cé & khu viec Ha ndi, nghién clru nay thuwc
hién khao sat thoi gian ban bia dé tao ra lwong
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18F-NaF c6 hoat d6 1000 + 100mCi trong mét
mé.

Khi nang cép quy trinh tdng hop 8F-NaF tw
quy md phong thi nghiém Ién quy mé san xuét
1000 + 100mCi/mé, chung t6i van sr dung cung
mot cong thirc bao ché tw dong véi thoi gian
tdng hop cb dinh 1a 15 phat. Trong cac yéu t
anh hwdng téi hiéu suat tdng hop thi thoi gian
tbng hop cé nhiéu anh hwéng nhat. Thoi gian
tdng hop phu thudc vao thdi gian van chuyén
héa chét, dung méi va thdi gian lam sach dwdng
éng. Thoi gian tébng hop DCPX 8F-NaF ciing
nhw cac DCPX cho PET khac cang ngén cang
tot do lién quan dén thdi gian ban rd cia cac
DCPX nay da sé rat ngan (Cac DCPX danh dau
Vi [1C]: 20 phat, Cac DCPX danh dau voi 8F:
110 phut). Vé&i 8F-NaF, da s6 cac module cé
tbng thdi gian tébng hop chi trong vong 10 phut
[5, 8, 9, 10], ca biét module clia Han Quéc thoi
gian nay chi c6 6 phut [Jun Hyung Park] va cho
hiéu suat téng hop cao trén 90%. Trong nghién
ctru nay cla chang t6i, thdi gian téng hop phu
thudc vao cau tao cla kit tdng hop, thiét ké cia
module tdng hop ciing nhw ty 1& st dung dung
moi hoéa chét va téc d6 van chuyén dung moi.
Qua khao sat cac yéu tb trén chung téi cb dinh
thdi gian tdng hop 8F-NaF 1a 15 phuat, cao gép
1,5 1an so v&i da sb cac qui trinh tdng hop khac
trén thé gi¢i, do vay hiéu suét tbng hop ciing
thdp hon. Piéu nay hoan toan phu hop véi ly
thuyét vi do anh hwéng ctia phan ra cta doéng vi
F-18 (Tuz = 110 pht).

Trong nghién ctru nay, ching téi thay rang
hoat d& phong xa cla ®F-NaF tao ra ty 1& tuyén
tinh v&i thdi gian ban bia. Tuy nhién, chadng t6i
m&i chi khao sat thoi gian bén bia tov 15 phat dén
30 phut. Trong cac nghién ciu tiép theo, ching
t6i s& khao sat voi thoi gian ban bia dai hon dé
danh gia dwoc kha nang téng hop tdi da mot mé
18E-NaF trén bd kit va module do nhém nghién
ctru tw phat trién.

5. Két luan
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S dung cong thirc bao ché va cac théng sb
ky thuat cho diéu ché ®F-NaF & quy md phong
thi nghiém trén may gia tbc 30MeV, Bénh vién
Trung wong Quan ddi 108 véi thdi gian ban bia
trong vong 30 phuat la ddm bao cho qua trinh
tdng hop 8F-NaF & quy mdé san xuét 1000 =
100mCi 8F-NaF.
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