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Muc tiéu: Nhdm téng hop dugc chat phéng xa '8F-NaF trén thiét bi chuyén dung téng hop dugc chat
phong xa '®F-FDG va dap Ung nhu cau san xuat, diéu ché dugc chat phéng xa méi cho PET va PET/CT. DB6i
tuong va phuong phdp: Ap dung quy trinh téng hgp ®F-NaF phd bién trén thé gidi. Chinh stia bo cat xét
'8FE-FDG va viét chuong trinh diéu khién méi cho module téng hop '®F-FDG dé téng hop '8F-NaF. Chat
lugng '8F-NaF dugc danh gia theo Dugc dién Anh 2020. Két qud: Xay dung dugc quy trinh téng hop dugc
chét phong xa '8F-NaF trén module va bd cat xét téng hgp dugc chat phéng xa '8F-FDG. Hiéu suat téng
hop '®F-NaF dat > 90% va dap Ung cac chi tiéu chat lugng cda tiéu chuan Dugc dién Anh 2020. Két ludn:
St dung module synthera FDG dugc trang bi, chinh stia b cat sét FDG, viét chuong trinh diéu kién, téng
hgp dugc chat phong xa '®F-NaF.

Turkhéa: Dugc chat phong xa, '®F-NaF, téng hop.

Summary

Objective: To synthesize '®F-NaF radiopharmaceutical using equipments specialized for synthesizing
F-FDG radiopharmaceuticals and to meet the needs of production new radiopharmaceuticals for PET
imaging. Subject and method: Applying well-known '8F-NaF synthesis process in the world, improving
the "®F-FDG cassette, and writing a new control program for the "8F-FDG synthesis module to synthesize
'8F-NaF. The quality of '®F-NaF was assessed according to the British Pharmacopoeia 2020. Result: A
process to synthesize '®F-NaF radiopharmaceutical was established based on the module and set of "8F-
FDG radiopharmaceutical synthesis cassettes. The synthesis efficiency of '8F-NaF exceeded 90% and met
the quality criteria of the British Pharmacopoeia standard 2020. Conclusion: Using the module synthera
FDG, modified intergrated fluidic processor, writing a control program for synthesizing the
radiopharmaceutical '®F-NaF.
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1.Pat van dé

Dugc chat phéng xa (DCPX) "®F-NaF co tén goi la
18 Flourine-Sodium fluoride hoac '®F-Natri fluoride.
Nam 1972, DCPX '*F-NaF da dugc co quan quan ly
thudc va thuc pham Hoa Ky (FDA) cho phép st dung
trong xa hinh xuong dé xac dinh cac vi tri tén
thuong, ung thu xuong nguyén phat va di cdn
xuang [4, 8]. Tai thai diém d6, mac du dugc céng
nhan sém vé su vuct troi cia DCPX '®F-NaF trong
chan doan, chat danh dau nay van khéng dugc sur
dung rong rai do: Ngudn cung han ché va chi phi
tuong déi cao; nhirng han ché ky thuat ctia cac may
gamma camera vdi hinh anh photon ndng lugng
cao 511KeV clia '*F-NaF; s6 lugng may PET it. T& nam
2001, cdc may PET va PET/CT tr& nén phé bién trén
thi truong, Iuc nay BVPX c6 kha nang phat positron
lam chat danh ddu trong chup hinh PET, PET/CT da
tang lén nhanh chéng, thuc day su héi sinh viéc s
dung "®F-NaF trong xa hinh xuong [6].

Tai Viét Nam, DCPX '®F-NaF da dugc téng hop
thanh céng trén module téng hop tu ché tao trong
nudc tai Trung tam Chiéu xa Ha Noi va Trung tam
May gia toc, Bénh vién Trung uong Quan déi 108
[11, 13]. P& phat trién cadc module tdng hop tu ché
tao trong nudc cling can kinh phi dau tu I6n. Do vay,
néu cé mot gidi phap tiét kiém hon ma van bao dam
tong hgp thanh cong DCPX '®F-NaF, du s6 luong,
chat lugng thi rat c6 y nghia va cé thém su lua chon
trong tong hgp '®F-NaF. Gidi phédp cla ching t6i do
la nghién ctru tdng hgp DCPX F-NaF trén Module
Synthera FDG da dugc trang bi va dang dung téng
DCPX "*F-FDG. Module Synthera FDG dugc trang bi
tai Trung tam May gia téc hién nay khong thé tong
hgp dugc DCPX '®F-NaF vi thi€u chuong trinh diéu
khién va cat xét chuyén dung. Trén kinh nghiém san
xuat thuong quy DCPX '"F-FDG st dung module
Synthera FDG cla hang IBA va cac quy trinh téng
hap '*F-NaF da dugc nhiéu nghién ctu cong bé trén
cac tap chi uy tin trén thé gidi, ching téi xay dung
chuong trinh diéu khién va cat xét chuyén dung tu
cat xét FDG nham: Téng hgp DCPX "®F-NaF, ddp imng
nhu cdu DCPX & trong nudc.

2. Déi tugng va phuong phap
2.1. Nguyén vit liéu, héa chdt

Cat xét (IFP cassette- KIT "®F-FDG); bd hod chat
cho t6ng hgp '"®F-NaF; chat chuan '®F-NaF; Céac cot
trao déi ion QMA, CM; Phin loc khudn 0,2uM cla
hang; Nudc giau Oxy-18 dugc cung cap bdi hang
ABX cuia Duc. Kit chia liéu trén may Theodorical dugc
cung cap bdi hang Commerce cta Y. Khi Heli, khi
nito, khi hydro c6 d6 tinh khiét 99,999% dugc cung
cap bdi hang Air Liquide Viét Nam.

2.2. Thiét bi chinh

May gia t6c vong 30MeV (IBA, Bi); hé phan tich
long cao ap (Agilent 1200 My) c6 gan dau do phong
xa Nal(Tl) nhap nhay (Raytest Duic), hé phan tich khi
Agilent 6850 (My); Module téng hgp Synthera clia
hang IBA; may chia liéu DCPX cla hang Comecer.

2.3. Phuong phdp

Ap dung quy trinh téng hgp DCPX "®F-NaF dugc
thuc hién hoan toan tu déng trén module Synthera.
Cac giai doan bao gom:

Giai doan tao nguyén liéu [°F]

Nguyén liéu ['*F-] dugc tao ra tir may gia toc vong
(cyclotron), st dung chum tia proton ban vao bia chira
nuéc oxy-18 dugc lam giau (nudc chia ['*0JH,0 trén
95%) dya trén phan Ung hat nhan sau day [4]:

¥O0+p—>"F+n

Hiéu suat clia phan Ung hat nhan nay kha cao va
tao ra mot lugng 16n ['®F] sau khi ban bia trong vong
2 gid.

Giai doan: Téng hop DCPX "*F-NaF

['®F T sau khi dugc tao ra tir may gia toc dugc van
chuyén sang Hotcell chita module Synthera. Module
Synthera nay da dugc cai dat chuong trinh diéu
khién do nhom nghién ctru viét dé tién hanh téng
hgp tu dong DCPX '®F-NaF. Qua trinh téng hgp gém
cac budc chinh sau:

Budc 1: Qua trinh loc va bat gil ion ['*F] bang
cach cho dung dich sau khi ban bia di qua c6t QMA.
Cac chat du thlra sé dugc chia & binh thai.

Budc 2: Dung nudc cat pha tiém rda tap chat
trén c6t QMA.
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Budc 3: Chiét tach anion ['®F] tU c6t QMA va
téng hop '®F- NaF bang cach cho dung dich NaCl
0,9% di qua c6t QMA.

H,0, NaCl 0,9%
J
['®F] — C6t QMIA — Loc vé khudn — San pham '8F-NaF
J
Thai
Hinh 1. So d6 cac budc téng hop chinh DCPX '®F- NaF
3.Két qua

3.1. Gidi phdp chinh sira, bé tri thanh phdn bé
cdt xét FDG va viét chuong trinh diéu khién méi
cho module Synthera dé diing trong sdn xudt duoc
chdt phéng xa "°F-NaF

Pé téng hop dugc dugc chat phong xa '®F-NaF
can thiét bi téng hgp tu déng thuc hién cac budc
téng hgp. Trong nghién cu, nhdm da st dung thiét
bi chuyén dung téng hgp DCPX "®F-FDG la Synthera
thé hé | ciia hang IBA (Hinh 6). Thiét bi nay da dugc
lap dat tu trudc, nhung chua thé tong hop dugc
dugc chat phéng xa '®*F-NaF do thi€u chuang trinh
diéu khién va bo cat xét chuyén dung. Trén co s&
cach luan chuyén dong hoéa chat ctia bé cat xét FDG
va cac budc téng hop dugc chat phong xa '®F-NaF,
Nhém nghién cru nhan thay, c6 thé chinh sia, sép
x&p lai vi tri cac lo hoa chat va vi tri cot QMA dé téng
haop dugc chat '®F-NaF (Hinh 9). Viét chuong trinh
diéu khién dé diéu khién module Synthera nay dung
cho téng hgp DCPX '®F-NaF ( Hinh 5).

DCPX "®F-FDG téng hgp trén module Synthera
vGi bo cat sét FDG dugc thé hién theo so d6 Hinh 2.
G6m nhling budc chinh sau:

Budc 1: Qua trinh loc va bat gilr ion ['*F] bang
cach cho dung dich sau khi ban bia di qua c6t QMA.
Cac chat du thira sé dugc chira & binh thu héi. Dong
ludn chuyén dung dich sé di ti F18 qua van V5, qua
c6t QMA, qua van V6, vé binh thu h6i 018.

Buéic 2: Tach ion "®F tir c6t QMA dua vao binh phan
Uing. DONg luan chuyén dung dich tir lo Kryptoxix dén
van V5, qua cot QMA, vé binh phan Ung.

Budc 3: Tao chat trung gian. Dong luan chuyén
dung dich di tit o tién chat vao binh phan tng.
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Budc 4: Thiy phan bang NaOH. Dong luan
chuyén dung dich di ti lo NaOH vao binh phan tng.

Budc 5: San pham '*F-FDG dugc dua vé binh
chta. Dong luan chuyén dung dich ti binh phan
Ung qua van V7, qua cac cot SCX, Al-N, C18, loc va vé
binh chia FDG.

Hinh 2. So d6 tong hgp '®F-FDG trén cat xét FDG

Nhu Hinh 1 trinh bay, téng hgp DCPX '®F-NaF
gém 3 budc. So sanh véi cac budc téng hgp DCPX
"8F-FDG trén module Synthera véi bd cat sét FDG,
thay rang c6 thé chinh stia, bo tri lai vi tri cac cot
QMA va lo héa chat trén cat sét FDG dé téng hop
DCPX "®F-NaF. Cu thé chuyén vi tri cot QMA vé vi tri
gita van V7 va V8, lo dung dich NaCl dat tai vi tri van
V2, Nuéc pha tiém dat tai vi tri van V4. Lic nay cat
sét FDG dugc dung trong téng hgp DCPX '®F-NaF
nhu Hinh 3, hinh thuc t€ Hinh 9. Cac budc téng hop
"®F-NaF nhu sau:

Budc 1: Qua trinh loc va bat gitr anion ['®F] bang
cach cho di qua c6t QMA. Nudc giau Oxi 18 sau khi
dugc chiéu tia proton bang may Cyclotron da chua
"8F di tur F'®, di qua van V5, V6 vao binh phan ung.
Sau d6 dung khi He day dung dich trong binh phan
Ung qua van V7, di qua c6t QMA, di qua van V8 va
tdi lo thai.

Budc 2: Dung nudc pha tiém rda tap chat trén
c6t QMA. Nudc pha tiém dugc di chuyén qua van V4
t&i binh phan tng. Tiép theo, si dung ap suat khi He
dé day nudc pha tiém qua van V7, di qua cot QMA,
di qua van V8, ra binh thai.

Budc 3: Chiét tach anion ['®F] tUr c6t QMA va
téng hop '®F-NaF bdng cach cho dung dich NaCl
09% di qua c6t QMA. Dung dich NaCl 0,9% di
chuyén quan van V2 chua tai binh phan tng. Su
dung ap suat khi He dé day dung dich NaCl 0,9% &
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binh phan Uing qua van V7, qua c6t QMA, qua c6t loc
v khuén, téi binh chia "®F-NaF. Dung dich sau khi
qua co6t QMA la DCPX "®F-NaF.

QOMA

Thi

+ -
Binh phan
.'r'\r, abe
\\ ,-'/,; ! Loe Kaudn
S
' 147 NaF

Hinh 3. Cat sét FDG chinh sta, bé tri vi tri cot QMA,
cac lo héa chat trong téng hop '8F-NaF

Céc budc téng hgp "®F-NaF trén module Synthera
FDG dugc xay dung trén b Cat sét FDG chinh suia, b6
tri vi tri cot QMA, cac lo hda chat trong téng hop,
chuong trinh diéu khién dugc viét méi phu hop véi quy
trinh téng hop DCPX '*F-NaF. Trén hinh 5 da trinh bay
cu thé chuong trinh duogc viét diéu khién téng hap
DCPX "8F-NaF theo céac budc téng hap ®F-NaF.

; == =i
157,0,=0,=nd, 0, , beep, _]
158,0,WD,GFhEtn,0,_,READY
15G, 0, =0, wla, 1,

160, 0,50, vVOE, 1, .,

TEl . 0. =0, woF, L.

1G22, 0,50, Pmp, 1 .
163,0,5D0,v05,1,__,

Ted L l20, SD, w7, L
165,0,50,Vv1l7, 0, .,

165, 0,50,v1lE, 0, ,sTop purge,
167, 0,50,w0E8,0,_.=top Purgs
158, 2,50, vO7 .0, _.STOR purga.
1em.1.50, woe. 1, .,

170, 0, S0, w05, O oo
171,.0,50,%1l5,0, . Krypto

L2 1,SD,V16,1,_ Kt o
173, 2. 50, HEE

174, 5,50, v01 l._.pressur1ze wial
LF5.l,. S0, wla, 0, ., Krypto,
1?6.25.SA.P|—5.90._. Kl‘yptl:l.
177, 10,55, PFrs, 60, _, KrypTo,
1LFE.1L0, S48, Fr=, 30, _, Krypto,
170.10,50,v05,1, , kKrypto,
TEO. O, S0, W5, 0, . Kry Pt o,

181, 0, S0, wol, 0,_. KErywpto,
1582.0,5D, w05, .

1E3, 0, S48, TP, 113 —, Ewvapr TEMF,
184,00, S0, Prs, 0, _, EvaF PRES
155,345, 50, vi5,1, , EVAPORAT ION
186, 0, A, Tm 9? . DRY TEMF,
187,45, =0, , O . DRY,

1 aEE, O, SA Tmp ?’b F'URGE TEMF
189,2 S, wila, l,_,purge,
190.2.5[).\&6.0 s pUurge
191,2,.50,.vle,1l, ,ppurge

b =T e U I Vo Y 5 . phurge,

153 .2,50.vd6, 1, . purdga.,
194,2,50, V18,0, , purde,
|194.2 So,wlG,1, _, purge,
196.45.5D.‘V’.’L6.0._. PURGEZ
ez, 2. 50,v16, 1, | purge,

1S58, 2,50,wlE, O, . purgs,

1595, 2,50, v16, 1, . purge,
200,22, SD,vl6, 0, purdge,

201 ,2,=0,wla,1, purge,
lEDE.E S0, V16,0, _, purge

203, 2,=D,wvla, 1, urfe
204,453, S0, wlG, O, PURSES .,
HMz205,2, SD V16 l,_,purge,
I 206,2, £ s PpUrge, j
=] B B

Hinh 4. Chuong trinh diéu khién téng hgp '®F-FDG
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Hinh 5. Chuong trinh diéu khién dugc viét dung
trong téng hgp '8F-NaF
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HOLDER

FDG KIT
(IFP)

Hinh 6. Module Synthera dung trong nghién cdu
téng hgp DCPX 'F-NaF
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Hinh 7. Module Synthera va KiT FDG da dugc cai tién
dé téng hop dugc chat phéng xa '8F-NaF

Cée b s chit

Hinh 8. B tri, sap xép hda chat, cac thanh phan clia
bo cat sét dung téng hgp DCPX ®F-FDG

i
Hinh 9. Chinh stia, b6 tri thanh phan bo trén bd cat
xét FDG dé téng hop DCPX '8F-NaF
(Vitri 1, 2 cta hinh 8 dugc thay déi, dugc ndi thong tai
vi tri 1 hinh 9, QMA chuyén tir vi tri 1 hinh 8 sang vi tri 2
hinh 9, lo hoa chat NaCl 1ap tai vi tri van V2, Nudc pha
tiém tai V4)
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3.2. Kiém tra hoat déng cia module Synthera
diing trong téng hop DCPX '*F-NaF

Thuc hién chay mau khéng phéng xa dé kiém
tra hoat déng cdla module Synthera FDG khi dugc
cai dat chuang trinh diéu khién va bo cat xét FDG da
chinh stra duing trong téng hgp DCPX '®F-NaF. Qua
trinh thuc hién chay mau cho thdy module Synthera
FDG hoat dong theo dung cac budc, thuat toan dat
ra. Hé théng hoat déng én dinh, dudng di chuyén
cla dong hoa chat trén b cat xét cai tién bao dam
khoéng ro ri.

3.3. Quy trinh téng hop DCPX '®F-NaF trén
module Synthera

Chuan bi: M& van khi nén, He, bat cong tic
nguén module Synthera, khéi dong chuong trinh
diéu khién téng hgp '®F-NaF; Kiém tra loai bd cat xét
IFP d& st dung ra, kiém tra binh thu héi nudc giau
du thé tich réng; Hoat hoa cot QMA va lap cot QMA,
cac lo hda chat nhu Nudc pha tiém, dung dich Nacl
0,9% lén cat xét FDG da chinh stra. Sau do lap bo cat
xét nay vao module Synthera téng hop va dau néi
cac dau day vdi lo chira *F-Fluoride, lo chia thai, lo
thu hoi nudc giau oxy-18 va lo chiia sdn pham cudi,
bd miéng dém bao vé dau kim ra khoi bo cat xét;
Thuc hién ki€ém tra module Synthera trudc khi téng
hgp tu déng, qua trinh kiém tra nay két thuc budc
chuén bi hoan thanh.

Téng hop "®F-NaF: Tong hop DCPX '®F-NaF trén
module Synthera va bd cat xét dung trong téng hop
dugc chat phong xa "*F-FDG dugc thuc hién hoan
toan tu dong. Thdi gian téng hgp la 15 phat.

Hinh 10. T6ng hgp DCPX '8F-NaF st dung cat sét FDG
va module Synthera
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3.4. Téng hop DCPX '*F-NaF

Nhom nghién ctu da thuc hién téng hop 4 mé
"®F-NaF sir dung cat xét FDG chinh sta va module
Synthera. Két qua thu dugc nhu trong Bang 1.

Qua thuc hanh téng hgp cho thay hiéu suat
téng hgp DCPX "®F-NaF st dung cat xét FDG chinh

stia va module Synthera dat trén 90%, san lugng
hoat d6 phong xa cao va dat cac chi tiéu chat
luong theo dugc dién Anh 2020 (Bang 2). Két qua
cho thay d6 tinh khiét hdéa phéng xa déu trén 95%,
do tinh khiét hat nhan phong xa trén 99,5% (Trén
phé gamma chi xuat hién dinh nang lugng 511keV,
dinh dac trung clia déng vi phong xa '°F).

Bang 1. San lugng dugc chat phéng xa '°F-NaF dat duoc

, Cudng Théi gian Déng Hoat dé Hoatdo | piay sust
Meé san R P , . o phéng xa o
Xust do6 dong ban bia tich hop phong xa dau 8E_NaF tong hop
(nA) (phut) (uAh) vao "®F (mCi) . (%)
(mCi)
Mé 1 31 20 13,2 790 720 91,1
Mé 2 31,5 45 23,5 1536 1390 90,5
Mé 3 31,5 60 30 1889 1750 92,7
Mé 4 32,3 100 62,5 2450 2250 91,8
Bang 2. K&t qua kiém nghiém ctia mau '®F-NaF theo Dugc dién Anh 2020
Cac chi tiéu Tiéu chuan cta BP-2020 Két qua trung binh
X e LA . Dung dich trong suét,
Cam quan Trong suét, khong mau khéng mau
pH 5-85 75+0,5
Nhan dién hat nhan phéng xa 511keV va c6 thé 1022keV Xuat hién dinh 511keV
Do tinh khiét hda phong xa > 95,0% 99,4 + 0,6%
Chuky banra (T,,)® 105< va< 115 108,7 + 0,9%
Do tinh khiét nhan phéng xa* (phé ké gamma) >99,5% >99,9%
Noi doc t6 vi khuan <175/VIU/ml 0,625V IU/ml
D6 v6 khudn Vo khuan V6 khuan
n.fnc " 10.00 " 15.00

Hinh 11. Phé ctia DCPX '8F-NaF trén HPLC
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Hinh 11 I3 két qua clia NaF chuén va sadn pham
sau khi chay bang sac ky long hiéu nang cao (HPLC)
trong cung mét diéu kién. Hinh 10-A 1a hinh anh
chay chat chuan NaF, Hinh 10-B la hinh anh cua san
pham '®F-NaF. C6 thé thdy rang c6 su trung hop vé
thai gian luu gilt chat chudn NaF va san pham '8F-
NaF. Ngoai ra trong phd phan tich cta san pham
khoéng xuat hién thém bat ky mét dinh nao khac.
Nhu vay san phdm DCPX '®F-NaF bdo dam dé tinh
khiét vé mat phong xa.

4.Ban luan

Trong nghién ctru nay, hiéu suat téng hgp DCPX
'8F-NaF dat dugc trén 90% day la hiéu suat tuong
duaong véi cac phuong phap téng hop khac chuyén
dung clia cac hang trén thé giéi nhu thiét bj
AllinOne cta hdang TRASIS, IBA Synthera NaF [3, 5] va
module DCPX '®F-NaF trén module tu ché tao trong
nudc [14]. Hiéu suat téng hop DCPX 'F-NaF ciling
tuong duong véi hiéu sudt téng hop '*F-NaF tai Co
s& Cyclotron Y té va Trung tdm Cyclotron Vién quéc
gia Homi Bhabha An D6 khi thay déi cat sét FDG dé
téng hgp DCPX '®F-NaF trén module synthera FDG
[2, 12]. San lugng DCPX '®F-NaF dat dugc tuong
duong véi quy mo san xuat (Bang 1). VGi thiét bi va
hoa chat dugc dang dugc cung cap, nhém nghién
clu da téng hop thanh cong DCPX 'F-NaF. Tu két
qua budc dau dat dugc, nhom nghién ctu thay rang
can tiép tuc tién hanh t8i uu hoa thai gian téng hop,
nang cao hiéu sudt téng hogp DCPX '®F-NaF, nang
cao s6 lugng hoat d6 DCPX '8F-NaF dé dap ung dugc
nhu cau thuc té hién nay.

Sau khi nghién ctiu quy trinh téng hgp'®F-NaF,
chinh stia bo cat xét FDG, viét chuang trinh diéu
khién mai cho module Synthera FDG va téng hgp
DCPX 'F-NaF thanh cong, day la co s& dé nhom
nghién clu c6 thé phat trién téng hop cac DCPX
khac nhau trén module Synthera nay.

5. Két luan

Nhém nghién cdu da xay dung thanh cong quy
trinh va téng hgp DCPX '®F-NaF tu ddng hoan toan
trén module Synthera bang b cat xét FDG dugc
chinh stra va budc dau da thuc hién diéu ché thanh
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cong 4 mé "®F-NaF vdi hiéu suat téng hgp dat trén
90% tai thai diém két thuc tong hgp. Cac mé thudc
déu dat tiéu chudn ctia Dugc dién Anh 2020.
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