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(54) HOP CHAT UC CHE PUQC DANH DAU 18F CUA KHANG NGUYEN MANG
DAC HIEU TUYEN TIEN LIET (PSMA), CHE PHAM DE CHUAN DOAN BENH
VA DUOC PHAM CHUA HOP CHAT NAY
(57) Sang ché dé cap dén cac hop chit 1a thudc c6 phong xa dung dé chan doan bénh hitu
dung va dung trong y hoc hat nhan 1am chét phong xa danh du va chit tao anh ddi véi cac
tinh trang bénh 1y khac nhau cta bénh ung thu tuyén tién liét. Cu thé, sang ché dé cap dén
chat rc ché duoc gin thé F18 cua khang nguyén mang dic hiéu tuyén tién liét (PSMA).
Ngoai ra, sang ché con dé cap dén ché phdm dé chan doan bénh va duoc phadm chtra hop
chat nay.
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Linh vire ki thuat dwoc dé cip

Sang ché dé cap dén linh vuc thube c6 phong xa ding dé chan doan bénh va viée
sir dung chung trong y hoc hat nhan 1am chat phong xa danh dau va chét tao anh déi véi

céc tinh trang bénh 1y khac nhau ciia bénh ung thu tuyén tién liét.
Tinh trang k§ thuit cia sang ché

Bénh ung thu tuyén tién liét (prostate cancer - PCa) 1a bénh ung thu ding ddu &
M¥ va chau Au. It nhat 1-2 triéu ngudi & ban clu tdy méc bénh ung thu tuyén tién liét va
du tinh 13 bénh nay s& danh guc mot phan sau sb6 ngudi & d6 tudi tir 55 dén 85. C6 nhidu
hon 300.000 truong hop méi duge chan doan mic bénh ung thu tuyén tién liét mdi nim
& My. Ty 1é tir vong do bénh nay chi ding thi hai sau bénh ung thu phdi. Cac phuong
phap giai phiu hién nay, nhu chup cét 16p vi tinh (computed tomography - CT), chup hinh
anh cong hudng tir (magnetic resonance - MR) va séng siéu am, chiém uu thé trong chin
doan hinh 4nh 14m sang ctia bénh ung thu tuyén tién liét. Hién nay, trén thé gi¢i da chi
khoang 2 ty d6 la M§ cho liéu phap phau thuat, birc xa, dung thudc va cac phuong phap
diéu tri xAm 14n t6i thiéu. Tuy nhién, hién nay chwa c6 liéu phap hiéu qua nao cho sy tai

phat, di cin bénh ung thu tuyén tién liét khong phu thudc androgen.

Nhiéu chit tao anh PCa c6 phéan tt lugng thép theo thur righiém hién dang dugc
thyc hién v& mat 1am sang, bao gém cac chét tuong tu cholin dugc danh dau phoéng xa
([''C]Cholin, ['*F]FECh, ["F] FMC, [¥F]flodihydrotestosteron (['*F]FDHT), axit khang-
1-amino-3-[18F]floxyclobutyl-1-carboxylic (khéng['8F]JF-FACBC, [!!CJaxetat va 1-(2-
deoxy-2-['®F]flo-L-arabinofuranosyl)-5-metyluraxil (-['®F]JFMAU) (Scher, B.; et al. Eur
J Nucl Med Mol Imaging 2007, 34, 45-53; Rinnab, L.; et al. BJU Int 2007, 100, 786,793;
Reske, S.N.; et al. ] Nucl Med 2006, 47, 1249-1254; Zophel, K.; Kotzerke, J. Eur J Nucl
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Med Mol Imaging 2004, 31, 756-759; Vees, H.; et al. BJU Int 2007, 99, 1415-1420;
Larson, S. M.; et al. J Nucl Med 2004, 45, 366-373; Schuster, D.M.; et al. J Nucl Med
2007, 48, 56-63; Tehrani, O.S.; et al. J Nucl Med 2007, 48, 1436-1441). Mdi chét hoat
dong theo co ché khac nhau va c6 mét s wu diém nhét dinh, vi du, chat bai tiét duong
tiét niéu thap d6i vai [''C]cholin, va cac nhuoc diém, nhu chu ky ban thai vét Iy ctia nuclit

phoéng xa phat positron ngan.

D3 biét rd 12 cac khdi u ¢6 thé biéu hién cac protein la thuong két hop véi phenotyp
4c tinh ciia chuing hodc c6 thé biéu hién qua muc cac protein thanh phan binh thuong
nhiéu hon trong cic té bao binh thudng. Biéu hién clia cac protein riéng biét trén bé mit
té bao khéi u tao co hoi dé chin doan va xac dinh bénh béng cach tham do tinh déng nhét
phenotyp va ché phdm hoa sinh va hoat tinh ctia kh6i u. Cac phan tir phong xa ma gan két
chon loc véi protein bé mit té bao khdi u ddc hiéu tao ra 16 trinh hip dan dé tao anh va
diéu tri khdi u trong didu kién khong xam 14n. Mot loat cac cht tao anh méi ¢6 phan tir
luong thap hira hen tao dich khang nguyén mang dic hiéu tuyén tién liét (prostate-specific
membrane antigen - PSMA) (Mease R.C. et al. Clin Cancer Res. 2008, 14, 3036-3043;
Foss, C.A.; etal. Clin Cancer Res 2005, 11, 4022-4028; Pomper, M.G.; et al. Mol Imaging
2002, 1, 96-101; Zhou, J.; etr al. Nat Rev Drug Discov 2005, 4, 1015-1026; WO
2013/022797).

PSMA 14 glycoprotein xuyén mang typ II, gdm 750 axit amin ma c6 biéu hién du
va ¢6 gidi han trén bé mit cia PCa, dic biét 13 & bénh di can va tién trién, khong phu
thudc androgen (Schulke, N.; et al. Proc Natl Acad Sci U S A 2003, 100, 12590-12595).
Biéu hién c6 gi6i han 1 quan trong vi gin nhu tit ca PCa déu tré nén khong phu thudce
androgen theo thoi gian. PSMA c6 céc tiéu chudn ctia dich hira hen dé diéu tri bénh, nghia
13, biéu hién du va c6 giéi han (d6i véi tuyén tién liét) & tht ca cac giai doan clia bénh, thé
hién & bé mit t bao nhung khong roi vao vong tudn hoan va két hop véi hoat tinh enzym
hodc hoat tinh tao tin hiéu (Schulke, N.; et al. Proc. Natl. Acad. Sci. U S A 2003, 100,
12590-12595). Gen PSMA dugc dit trén phan ngén ciia nhiém sic thé 11 va c6 ca chic

folat hydrolaza va neuropeptidaza. Chitc neuropeptidaza la twong duong véi glutamat
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carboxypeptidaza II (GCPII), dugc goi la “PSMA nédo”, va co thé diu bién sy truyén dan
sinh glutamat bang cach tach N-axetylaspartylglutamat (NAAG) thanh N-axetylaspartat
(NAA) va glutamat (Nan, F.; et al. ] Med Chem 2000, 43, 772-774). Co dén 10° phan tir
PSMA trén mdi té bao ung thu, con goi ¥ rang d6 1a dich ly twong dé tao anh va diéu tri
bang céc k¥ thuat dwa vao nuclit phong xa (Tasch, J.; et al. Crit Rev Immunol 2001, 21,
249-261).

Lién hop mién dich phéng xa ciia khang thé don dong khang PSMA (monoclonal
antibody - mAb) 7E11, da biét d¢én dudi dang quét PROSTASCINT®, thudng duge si
dung dé chan doan su di cin va tai phat bénh ung thu tuyén tién liét. Tuy nhién, chat nay
¢6 xu hudng tao ra cac hinh anh khoé giai thich (Lange, P.H. PROSTASCINT scan for
staging prostate cancer. Urology 2001, 57, 402-406; Haseman, M.K.; et al. Cancer
Biother Radiopharm 2000, 15, 131-140; Rosenthal, S.A.; et al. Tech Urol 2001, 7, 27-
37). Méi day, cac khang thé don dong da duge phat trién dé gén két voi mién ngoai bao
cua PSMA va dugc danh diu bf?tng phéng xa va thé hién sy tich tu trong cac mo hinh u
tuyén tién liét duong tinh PSMA & dong vat. Tuy nhién, viéc chan doan va phat hién khdi
u st dung khang thé don dong bi gi6i han & do tham thau thip ctia khang thé don dong

trong khoi u ran.

Viéc tao dich chon loc cia té bao ung thu vai thube co phong xa dung dé chén
doan bénh cho muc dich hinh anh hodc diéu tri bénh 13 can thiét. Nhiéu nuclit phong xa
da duge biét dén 1a hitu dung dé tao anh phong xa hodic xa tri bénh ung thu, bao gém !'C,
18 11 90y 68Ga, 177y, #mTc, 123] va B, Gan day, mot s6 hop chét chira thanh phan
nhan biét glutamat-ure-glutamat (GUG) hodc glutamat-ure-lysin (GUL) lién két voi lién

hop nuclit phéng xa-phbi tix biéu hién 4i luc cao d6i véi PSMA.

Mot sb hop chat duge gin thé 18F ma thé hién tuong tic PSMA va thich hgp dé
phat hién bénh ung thu tuyén tién liét dugc trinh bay trong tai liéu EP 14 003 570.0. Tuy
nhién, hgp chét nay c6 cac tinh chit wa béo ndi troi, & mot pham vi nhét dinh, 1am cho

chung kho xtt Iy va khé dung.
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Cén tim ra cac chit méi ¢6 kha ning hién thi nhanh bénh ung thu tuyén tién liét.
Do d6, muc dich cia sang ché 1a phat trién cac phdi tir ma twong tac vi PSMA va mang
nuclit phong xa thich hop ma tao ra su Iua chon dich déy htra hen va méi cho viéc phat

hién, diéu tri va kiém so4t bénh ung thu tuyén tién liét.
Ban chit k§ thuat ciia sang ché

Muc dich cua sang ché da dat duge nho vao cac phuong an dic trung néu trong

phan yéu cau bao hd.

Céc tac gia sang ché da phat hién ra cac hop chit méi 1a céc thudc c6 phong xa
dung dé chin doan bénh hitu dung va viéc sit dung ching trong y hoc hat nhan lam chét
phong xa déanh dAu va chét tao anh d6i v6i cac tinh trang bénh 1y khac nhau cia bénh ung
thu tuyén tién liét.

Chét tao anh m&i c6 bién di vé cu trac trong ving thanh phén lién két dugc cai
thién dic tinh huéng dich khdi u va duoc dong hoc. Dugc tinh thé hién & ba nhom
carboxylic ¢6 thé twong tac véi cac chudi bén tuong ing cia PSMA va oxy 1a m6t phan
ctia phirc k&m & tdm hoat dong. Ngoai cac twong tac bit bude nay, céc tac gia sing ché c6
thé t6i wu hoa cac twong tac ua béo trong ving thanh phan lién két so vdi cac hop chét
dugc mo ta trong EP 14003570.0.. Hon nita, cac tac gia sang ché d3 thém mot sd khdi clu

trac wa nudce vao thanh phan lién két dé nang cao dugc dong hoc.
M5 ta vin tit cic hinh vé

Fig. 1: Pai phén tit 6 danh diu '8F

Fig. 2: Flo hoa “F thong qua nhom ngoai lai (prosthetic)

Fig. 3: Nhom ngoai lai '8F dbi véi peptit

Fig. 4: Nhém ngoai lai dugc danh ddu '8F st dung “Hoa hoc Click”

Fig. 5: Sy hinh thanh [*®F]aryltrifloboronat va cam bién florua
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Fig. 6: Phitc "*F-Florua
Fig. 7: Peptit RGD danh d4u 'F

Fig. 8: Su phan b co quan ctia ['SF]PSMA-1007 & chudt nhat LNCaP dwong tinh PSMA
(binh thudong va duoc phong bé) va & chudt nhit PC3 4m tinh PSMA so vé6i ['*F]PSMA-
1009 (["*F]DCFPyL) & chudt nhit LNCaP duong tinh PSMA

Fig. 9: Su phan b co quan cua [*F]JPSMA-1007 & chudt nhat LNCaP dwong tinh PSMA
(khong phong bé va phong bé) so voi [ F]PSMA1003 & chudt nhit LNCaP dwong tinh
PSMA (khong phong bé)

Fig. 10: MIP ciia ['®F]PSMA-1007 & chudt nhit LNCaP duong tinh PSMA 120-140 phut

sau khi tiém

Fig. 11: Pudng cong thoi gian-hoat tinh cia ['*FJPSMA-1007 & chudt nhit LNCaP dwong
tinh PSMA, bao gdm céc gia tri SUV 120-140 phut sau khi tiém

Fig. 12: Céu trac cia PSMA-1003
Fig. 13: C4u trtic cia PSMA-1009
Fig.14: MIP cua ['®F]PSMA-1007 & tinh nguyén vién khde manh

Fig.15: Puong cong thoi gian-hoat tinh ciia mau (mau den) va huyét thanh (mau x4m) thé

hién & dang phan trdm lidu tiém & tinh nguyén vién khoe manh

Fig.16: Duong cong thoi gian-hoat tinh ctia cac co quan binh thuong véi PET & luong mo

ta dugc mong muodn & tinh nguyén vién khde manh

Fig. 17: Su phan bb co quan ['*F]PSMA-1007 & mudi bénh nhan méc bénh ung thu tuyén
tién liét thé hién & dang SUVi4i ga

Fig. 18: Ty 18 khéi u so véi s6 liéu co ban ctia ['FIPSMA-1007 & mudi bénh nhan mic

bénh ung thu tuyén tién liét duoc tinh tir cac gid tri SUVisi aa twong tmg
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Fig. 19: MIP ctia bénh nhan méc bénh ung thu tuyén tién liét 77 tudi (PSA 40 ng/ml) dugc
quét bang [ FIPSMA-1007 trong 1 va 3 gid sau khi tiém thé hién khéi u 16n & ving gitra
va dinh cua tuyén tién 1iét va mot sb sy di cin hach bach huyét. Bén ngoai ving khung

xuong chau khong phat hién thdy su di cin

Fig. 20: MIP ctia bénh nhan 72 tudi (PSA 15 ng/ml) dwoc chan doan méc bénh ung thu
tuyén tién liét Gleason 9 (5+4) duoc quét bang ['*FJPSMA-1007 trong 1 va 3 gio sau khi
tiém. Bénh nhan c6 khdi u 16n trong toan bo tuyén tién liét véi do thdm loc & c4c tai tinh
bén trai va mot sd hach bach huyét trong ving khung xwong chau. Hai hach bach huyét
di cdn dugc dit bén ngoai vung khung xuong chdu, ca hai canh dong mach chi & muc

L3/4 vals.

Fig. 21: Quét PET/CT xuyén truc cho bénh nhan (a,b) va md bénh hoc tvong ing ctia mau
ct tuyén tién liét sau; nhudém mau H&E (c); PSMA-nhudom mién dich cac dudng vién cia
khéi u dwoc giéi han boi duong nét dat (d).

MO ta chi tiét sang ché

Sang ché dé cap dén thudc c6 phong xa ding dé chin doan bénh va viéc sir dung
ching trong y hoc hat nhan lam chét phong xa danh ddu va chat tao anh d6i véi cac tinh

trang bénh khac nhau cta bénh ung thu tuyén tién liét.

Do do, sang ché dé xuét cac hop chét dugc thé hién boi cong thire chung 1

z
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véi:
i, ] 0,1
m 1-5
n 0-3
R H, CH3
AS Axit amin ty nhién hodc khong tu nhién
Z: -COqH, -SO;H, -SO3H, -SO4H, -PO2H, -POsH, -POsH>
X: Naphtyl, phenyl, biphenyl, indolyl (=2,3-benzopyrolyl),
benzothiazolyl, quinoyl
Y: Aryl, alkylaryl, xyclopentyl, xyclohexyl, xycloheptyl, N-piperidyl va
mudi piperidyl dugc metyl hoa tai N
2 18 (18
Thé *°F (*°F- =15 y—15
Tag):
\/Lr ;7 ' Hz}; \ |
x=1-5 y=1-5 1,
1®F——CH,

< ! "= ‘ wF‘LCQZ\
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X
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Carbohydrat

carboydrat:
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Ri: thanh phan lién két alkyl, aryl hodc arylalkyl bat ky
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déc biét 1a metyl, 2-etyl, 3-propyl, 2-,3-,4-phenyl, 2-,3-,4-

phenylmetyl, 2-,3-,4-phenylpropyl

R»: nhém alkyl hoic aryl bat ky

ddc biét 1a metyl isopropyl, tert-butyl, phenyl hodc 1-naphtyl
Rz

R;—Si—18F

R
Ri: thanh phan lién két alkyl, aryl hogc arylalkyl bét ky
ddc biét 1a metyl, 2-etyl, 3-propyl, 2-,3-,4-phenyl, 2-,3-,4-
phenylmetyl, 2-,3-,4-phenylpropyl
Rz: nhom alkyl hodc aryl bét ky
dic biét 1a metyl isopropyl, tert-butyl, phenyl hodc 1-naphtyl

R

A\ i
%——<—' N—/R,—Si—"¢F
Y |

Rz
Ri: thanh phan lién két alkyl, aryl hodc arylalkyl bét ky

dic biét 1a metyl, 2-etyl, 3-propyl, 2-,3-,4-phenyl, 2-,3-,4-
phenylmetyl, 2-,3-,4-phenylpropyl

R»: nhom alkyl hodc aryl bat ky

dic biét 1a metyl isopropyl, tert-butyl, phenyl hodc 1-naphtyl

H,
C Ry
T N R s‘ 18p
—R;—8i—
0 N> / l
N R

2
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x=1-5

Ri: thanh phan lién két alkyl, aryl hodc arylalkyl bat ky

dac biét 1a metyl, 2-etyl, 3-propyl, 2-,3-,4-phenyl, 2-,3-,4-
phenylmetyl, 2-,3-,4-phenylpropyl

R»: nhém alkyl hoic aryl bat ky

déc biét 1a metyl isopropyl, tert-butyl, phenyl hodc 1-naphtyl

s’fﬁi
Ry
* T \ _Sli_mp
“ |

N R,

x=1-5

Ri: thanh phén lién két alkyl, aryl hodc arylalkyl bat ky

dac biét la metyl, 2-etyl, 3-propyl, 2-,3-,4-phenyl, 2-,3-,4-

phenylmetyl, 2-,3-,4-phenylpropyl

R»: nhém alkyl hodc aryl bat ky

dic biét 1a metyl isopropyl, tert-butyl, phenyl hodc 1-naphtyl
Rz

"""Sl"“F
H,
ﬁrlx \ |

x=1-5
Ri: thanh phén lién két alkyl, aryl hodc arylalkyl bat ky

Z'——-Z

dic biét 1a metyl, 2-etyl, 3-propyl, 2-,3-,4-phenyl, 2-,3-,4-
phenylmetyl, 2-,3-,4-phenylpropyl

Rz: nhém alkyl hodc aryl bat ky

dac biét 1a metyl isopropyl, tert-butyl, phenyl hodc 1-naphtyl

-15-
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A
xN=

N
o /N\ N//

Ry

Rp——Si—"%F

Rz

x=1-5

Ri: thanh phén lién két alkyl, aryl hoic arylalkyl bat ky

dac biét 1a metyl, 2-etyl, 3-propyl, 2-,3-,4-phenyl, 2-,3-,4-
phenylmetyl, 2-,3-,4-phenylpropyl

Rz: nhom alkyl hoic aryl bat ky

dac biét 1a metyl isopropyl, tert-butyl, phenyl hodc 1-naphtyl

Néu khong c¢6 quy dinh khac, trong sang ché ndy, thuat ngit “alkyl” tu n6 hozc 13
mdt phan ciia phan tir khac, c6 nghia 1a gbc hydrocacbon mach thang hodc mach nhanh,
hodc vong, hodc su két hop cda ching, cé thé no hoan toan, khong no mat phﬁn hodc
nhiéu phin va c6 thé bao gdm cac gdc hoa tri hai va da hoa tri. Goc “alkyl” tot hon 1a tir
C1 dén C1o va c6 thé khong duoc thé hodic dugc thé (vi du, bang halogen). Céc gbe alkyl
duoc vu tién 1a metyl, etyl, n-propyl, iso-propyl, n-butyl, tert-butyl, n-pentyl, n-hexyl, n-
hepyl hodc n-octyl hodc gbc twong tw. Gbc nay ciing ding cho cac hop chét xycloalkyl
twrong tng c6 tot hon 1a tir 3 dén 10 nguyén tir cacbon, vi du xycloproyl, xyclobutyl,
xyclopentyl, xyclohexyl, xycloheptyl, xyclooctyl, v.v.. Nhom alkyl khog no 1a nhém cé
mot hodc nhiéu lién két d6i hodc lién két ba. Vi du v& nhém alkyl khong no bao gdm,
nhung khéng giéi han &, vinyl, 2-propenyl, crotyl, 2-isopentenyl, 2-(butadienyl), 2,4-
pentadienyl, 3-(1,4-pentadienyl), ethynyl, 1- va 3-propynyl, 3-butynyl, va cac chét dong
dang va ddng phan cao hon. Trir khi ¢6 quy dinh khéc, thuat ngit "alkyl" con c6 nghia la

bao gdm cac din xut cua alkyl, nhu "heteroalkyl", "haloalkyl" va "homoalkyl".

-16-
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Thuét ngit "aryl", nhu duoc sir dung & ddy, 1a néi dén céu tric vong kin cé it nhit
mdt vong c6 hé dién ti pi lién hop va bao gdm ca nhém aryl vong cacbon va nhom aryl
di vong (hodc "heteroaryl" hoac "di thom"). Nhom vong cacbon hodc di vong thom c6 thé
chira tir 5 dén 20 nguyén tir vong. Thuét ngir bao gdm cac nhém vong don vong lién két
cdng hoa tri hodc vong da vong ngung tu (nghia 1a, cac vong dung chung cdp nguyén t
cacbon lién ké&). Nhom thom c6 thé khong duge thé hodc duge thé. Vi du khong gidi han
vé c4c nhom "thom" hoidc "aryl", bao gdm phenyl, 1-naphtyl, 2-naphtyl, 2-biphenyl, 3-
biphenyl, 4-biphenyl, anthracenyl, va phenanthracenyl. Cac phan tir thé cho mdi hé vong
aryl va heteroaryl néu trén dugc chon tir nhém céc phan tir thé duoc chép nhan (vi dy,
alkyl, carbonyl, carboxyl hozc halogen) mé ta & day. Thuat ngit "aryl" khi sit dung két
hop v6i céc thuat ngit khac (bao gdm nhung khong giéi han &, aryloxy, arylthioxy,
aralkyl) bao gdm ca vong aryl va heteroaryl. Do d6, thuat ngit "aralkyl" hoic "alkaryl"
nghia 13 bao gdm cac gbc trong d6 nhém aryl dugce gin v6i nhom alkyl (bao gdm nhung
khong gidi han ¢, benzyl, phenetyl, pyridylmetyl va tuong tu) bao gdm cac nhém alkyl
ndy trong d6 nguyén tir cacbon (bao gdm nhung khong gi6i han &, nhém metylen) duge
thay thé bing nguyén tir khac loai, chi 1a vi dy, bing nguyén tir oxy. Vi du vé cac nhom
aryl ndy bao gdm, nhung khong gi6i han &, phenoxymetyl, 2-pyridyloxymetyl, 3-(1-
naphtyloxy)propyl, va nhém tuong tu.

“Heteroaryl" 12 néi dén cac nhém aryl chira it nhit mét nguyén tir khac loai duge
chon tir N, O, va S; trong d6 cac nguyén tir nito va luu huynh c6 thé dugc oxy hoa tiy v,
va (c4c) nguyén tir nito ¢6 thé dwoc tao thanh bac bdn tity y. Cac nhém heteroaryl c6 thé
dugc thé hoic khong dugc thé. Nhom heteroaryl co thé duogc gén voi phﬁn con lai cua
phéan t&r qua nguyén tr khac loai. Vi du khong gidi han vé cac nhom thich hop bao gém
1-pyrolyl, 2-pyrolyl, 3-pyrolyl, 3-pyrazolyl, 2-imidazolyl, 4-imidazolyl, pyrazinyl, 2-
oxazolyl, 4-oxazolyl, 2-phenyl-4-oxazolyl, 5-oxazolyl, 3-isoxazolyl, 4-isoxazolyl, 5-
isoxazolyl, 2-thiazolyl, 4-thiazolyl, 5-thiazolyl, 2-furyl, 3-furyl, 2-thienyl, 3-thienyl, 2-
pyridyl, 3-pyridyl, 4-pyridyl, 2-pyrimidyl, 4-pyrimidyl, 4-benzothiazolyl, 5-
benzothiazolyl, 6-benzothiazolyl, 7-benzothiazolyl, purinyl, 2-benzimidazolyl, 4-indolyl,
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5-indolyl, 6-indolyl, 7-indolyl, 1-isoquinolyl, 5-isoquinolyl, 2-quinoxalinyl, 5-
quinoxalinyl, 2-quinolyl, 3-quinolyl, 4-quinolyl, 5-quinolyl, 6-quinolyl, 7-quinolyl hoac
8-quinolyl.

Thuét ngft "axit amin" 1a néi dén cac axit amin c6 trong tw nhién va khong c6 trong
tu nhién, cling nhu chit twong ty axit amin va chit gia axit amin ma c¢6 chtic ning tuong
tu vOi axit amin c¢6 trong ty nhién. Axit amin c6 trong ty nhién l1a 20 axit amin thong
thuong & dang D hodc L (alanin, arginin, asparagin, axit aspartic, Xystein, glutamin, axit
glutamic, glyxin, histidin, isoleuxin, leuxin, lysin, methionin, phenylalanin, prolin, serin,
threonin, tryptophan, tyrosin, va valin) va pyrolysin va selenoxystein. Chét tuong ty axit
amin 13 n6i dn céc hop chit c6 ciing cdu tric héa hoc co ban nhu axit amin ¢6 trong tu
nhién, chi 1a vi du, trir cacbon duogc lién két véi hydro, nhom carboxyl, nhém amino, va
nhém R. Cac nhém nady c6 thé ¢6 cac nhom R bién d6i (vi du, norleuxin) hodc ¢ thé ¢6
cac khung peptit bién ddi, trong khi van gift cling chu triic hoa hoc co ban nhu axit amin
c6 trong tw nhién. Vi du khéng gidi han vé chit twong tw axit amin bao gdm homoserin,
norleuxin, methionin sulfoxit, methionin metyl sulfonium. Cac axit amin c6 thé duoc dé
cip dén & déy theo tén goi, thudng la baky tu da biét cua chung hodc bang céc ky tu don
duoc dé xuét béi Hoi dong danh phap hoa sinh ITUPAC-IUB (IUPAC-IUB Biochemical
Nomenclature Commission). "Axit amin khong ti nhién" 1a n6i dén axit amin ma khong
phai 12 mét trong s6 20 axit amin thong thudng hodc pyrolysin hodc selenoxystein. Céac
thuat ngit khac ma c6 thé duge sir dung dong nghia véi thuat ngit "axit amin khong c6
trong tu nhién" 1a "axit amin dugc ma héa khong ty nhién", "axit amin khong tu nhién",
"axit amin khong xuét hién trong tu nhién" hodc “axit amin nhén tao”. Thuét ngit "axit
amin khong c6 trong ty nhién" bao gdm, nhung khong gi6i han &, axit amin ma xuét hién
do su bién ddi axit amin ma héa tw nhién trong khung hosc cac chudi bén ctia chung. Theo
mdt sd phuong 4n, axit amin khong c6 trong tw nhién bao gdm nhém carbonyl, nhém
axetyl, nhom aminooxy, nhém hydrazin, nhém hydrazit, nhém semicarbazit, nhom azit
ho#ic nhom alkyn. Theo phuong an dugc uvu tién, axit amin khong c6 trong ty nhién co

cdng thuc:
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va R= H COH, CHCOH, CHiCOH, CH(CO;H), CH(CH.COH),,
CH(CO.H)(CH,CO,H), CH,CH(CO,H),, SOsH; 0 = 1-3; R = H, CH3

Uu tién c4c axit amin mang thanh phan wa nuGe vao hop chat cé cong thic 1.

Mot so phan con lai & day (bao gom, nhung khong gidi han & cac axit amin khong
c6 trong tu nhién), c6 thé ton tai & cac dang hd bién khac nhau. T4t ca céc dang hd bién
nay dugc coi 1a mot phan ctia hgp chat mo td & ddy. Hon nita, vi dy, tat cd cac dang enol-

keto ctia hop chét bt ky ¢ day duoc coi 1a mot phan ciia ché phdm mé ta & day.

Thanh phén lién két B, nghia 1a cac axit amin ty nhi€n va/hodc axit amin khong cé
trong ty nhién, c6 thé dugc gin trong phén tir qua lién két peptit hodc amit. Tuy nhién,
trong trudng hop axit amin ¢6 tinh axit (vi du, axit glutamic, axit aspartic), vi trf gin két

c6 thé thay ddi qua céac vi tri o, p hodc y.

Mic di nhém Z 13 —~CO,H duoc vu tién, nhung c6 thé dé dang bi thay thé bang
céch thé chd sinh hoc 1ap thé nhu -SO,H, -SOzH, -SO4H, -PO,H, -PO3H, -PO4Ha, xem vi
du “The Practice of Medicinal Chemistry” (Academic Press New York, 1996), trang 203.

Trong sang ché nay, tit ca cac phin con lai dugc coi 14 c6 thé két hop trir khi c6
quy dinh khéc v& dinh nghia phn con lai. T4t ca cac phan nhém c6 thé c6 clia chung ciing

dugc coi 1a da bao gdom.

Céc thé BF cta Bang trén bao gbm céc triazol ton tai & hai dang dong phan ma ca

hai dang nay déu nim trong sang ché nay va dugc minh hoa bang céc cong thirc da cho.
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Do d6, cac phén tir dugc uu tién cua sang ché bao gdm ba thanh phéan co ban (So
d6 1): motip gin két PSMA ua nuéc (Glu-Ure-Lys = Glu-NH-CO-NH-Lys), hai thanh
phin lién két thay dbi dugc (thanh phén lién két A va thanh phén lién két B) va thé '8F.

So d6 1: Chu triic cia cac hop chét duge wu tién theo sang ché

l Thanh phin lién két A (wa béo) H Thanh phin lién két B (va midc) I 18F_Tag

NH

o] OH

O

U

N
H

I
o)

(o]
ETEIH]

N
H
o

Mot sb thanh phén lién wa béo duogc uu tién (thanh phén lién két A) duge thé hién

dudi day, trong d6 R = Glu-ure-Lys (motip gén két PSMA) va R’= (thanh phan lién két
B)m — ['8F-Tag] v6i m=1-5,

(2-Nal) (2-Nal)-(AcAP)
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NH TH
o) R’ 0, R’
(o] 0
NH NH
R R
(2-Nal)~(Bn) (2-Nal)~(Chx)
0 |
o Y\ N
NH
R NH
R

(& dang mudi duge dung batk¥)
(2-Nal)-(AcAMP)

Céc khdi ciu trac duoc wu tién khac nhau vé cac thanh phan lién két wa nudc
(thanh phén lién két B) dugc thé hién dudi ddy c6 kha ning lién két duoc uu tién cuia

chung duoc 14y vi du dua trén axit amin don twong tng (m = 1 trong cAu triic chung)
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Cac thanh phén lién két wa nude dugce vu tién cling c6 thé duoc tao thanh tir hai
hoic nhiéu khéi cdu tric (m= 2 - 5 trong cong thirc chung), tt hon néu dugc chon tir cac

khoi cau tric co tinh axit néu trén. Puoc wu tién 1a 1-3 khoi cau tric.

Mot s6 cAu triic wu tién duogce liét ké trong bang dudi day:

S6 | Thanh phan lién két ua béo | Thanh phén lién két wa nudc | Thé '5F
(= Thanh phén lién két A) | (= Thanh phan lién két B)
Vitdl | Viti2 | Vitd3
1| (2-Nal)-(Bn) Glu) | (Gly) |- [CEFN
2 | (2-Nal) (Glu) | (Glu) |- [BFIFN
3 | (2-Nal) (yGlu) | (Glu) |- [BFIFN
4 | (2-Nal)-(Bn) Glu) |- i [PE]FN
5 | (2-Nal)-(AcAMP) (yGlu) | (yGlu) |- ['®F]FN
6 | (2-Nal)-(Bn) Glu) | (/Glu) |- [PFIEN
7 | (2-Nal)-(Bn) (yGlu) |(Glu) |- [BFIFN
8 | (2-Nal)-(Bn) Gl | (yGlu) |- [PFIEN
9 | (2-Nal)-(Bn) (Asp) | Glo) |- [PF]FN
10 | (2-Nal)-(Bn) (BAsp) | (Glu) |- [PFJFN
11 | (2-Nal)-(Bn) (Asp) | (yGlu) |- [FIFN
12 | (2-Nal)-(Bn) (BAsp) | (yGlu) |- ['8F]FN
13 | (2-Nal)-(Bn) (Mal) | (Glu) | - [BF]FN
14 | (2-Nal)-(Bn) (Mal) | (yGlu) |- ["!F]FN
15 | (2-Nal)-(Bn) Gla) | Glw) |- [CFJEN
16 | (2-Nal)-(Bn) (yGla) | (Glu) |- [FIFN
17 | (2-Nal)-(Bn) (Gla) (yGlu) | - ['8F]FN
18 | (2-Nal)-(Bn) (vGla) | (yGlu) |- [CF]EN
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Céu tric cua cac hop chét duoc wu tién 1-18 nhu da 1dy vi du trong bang trén duge

'
r@@ﬁ

M a

thé hién dudi day:

hoac
18F
()
=
HO O
0 HN 0
N oH
HN HO'
/J\ 0 0 o
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H NH £
N S6 1b
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Ngudi ¢6 hiéu biét trung binh trong linh vuc k¥ thuét ndy c6 thé hiéu dugc, cac
hop chit duoc wu tién 1-18 néu trén khong bi gii han & thé '8F nhu da thé hién nhung
thé 18F d& dang thay thé duoc bang cac k§ thuat tiéu chudn va thé 8F bét ky duoc ldy lam
vi du két hop vdi cong thire I c6 thé duoc st dung thay thé.

Sang ché con dé cap dén cac tién chat hodc mudi dugc dung cta hop chét c6 cong
thirc chung I. Séng ché con de cap dén solvat cua cic hop chat, bao gdm cac mudi ciing
nhu chét chuyén hoa hoat tinh ctia chiing va, khi thich hop, cac chat hd bién cua ching

theo cong thirc chung I bao gdm cac dang bao ché tién dugc chit.

“Mudi dugce dung” 1a muoi axit hodc bazo hitu co hodc vd co, duge dung cta hop
chat theo sang ché. Cac mudi dugc dung dién hinh bao gom, vi dy, mudi kim loai kiém,
mudi kiém tho, mudi amoni, mudi tan trong nudc va khong tan trong nudc, nhu axetat,

carbonat, clorua, gluconat, glutamat, lactat, laurat, malat hodc tartrat.

Thuét ngi “tién dugc chat” 1a néi dén tién chéit cia thudc 12 hop chit ma khi ding
cho bénh nhan phai trai qua giai doan chuyén d6i boi quy trinh chuyén ho4 truéc khi thanh
chit c6 hoat tinh dugc ly. Tién duge chét thuong 14 tién chit thuéc ma, sau khi ding cho
d6i trong sau d6 hép thuy, duoc chuyén dbi thanh loai c6 hoat tinh, hodc rat hoat tinh thong
qua mdt s& quy trinh, nhu chuyén dbi bang con duong chuyén hod. Mét s tién dugc chét
¢6 nhom hoa chét c6 mit trong tién duogc chat dé tao cho no c6 hoat tinh kém va/hoic tao
ra d0 tan hodc mot s6 tinh chit khéc cua thudc. Khi nhém hoa chit dugce tach va/hoidc bién
dbi tir tién duge chét s& tao ra thude ¢6 hoat tinh. Tién dugc chét duge chuyén thanh thube
¢6 hoat tinh trong co thé théng qua cic phan ng enzym hodc khong enzym. Tién duoc
chét c6 thé tao ra cac tinh chit sinh hoa cai thién nhu do tan t5t hon, dac diém phéan phéi
duoc ning cao, nhu dac biét 1a hudng dich té bao cu thé, md, co quan hodc phdi tir, va gia
tri diéu tri cta thubc duoc cai thién. Vi du v& tién duoc chét cua hop chét c6 cong thurc
chung I 12 este va amit, t6t hon 13 alkyl este clia este cua axit béo. Dang bao ché tién duoc
chit & day bao gdm tat ca cac chat dugc tao thanh tlr phuong phép bién dbi don thuan bao
gém thiy phan, oxy hoéa hodc khir do enzym, chuyén hoa hodc theo cach bét ky khéc.
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Tién duoc chét thich hop chira, vi du, chit ¢6 cong thire chung I gén két véi chat 1am ting
do tan (vi du, tetraetylen glycol, sacarit, axit formic hodc axit glucuronic, v.v..) qua thanh
phan lién két tach bang enzym (vi du, nhém carbamat, phosphat, N-glycosit hodc
disulfua). Tién dwoc chit nay cia hop chét theo sang ché c6 thé dugc ing dung cho bénh
nhan, va tién duoc chit nay co thé duogc bién dbi thanh chét c6 cong thirc chung I dé thu

duoc tac dung duge Iy mong mudn.

Mot s6 hop chit c6 cong thirc chung I dugc bao gdm & dang raxemat, chét dong
phan d6i 4nh cta ching va tiy ¥ & dang chéat dong phan khong d6i quang cia chung va

tat ca cac hon hop c6 the c6 cua ching.

Theo sang ché, tit ca cac nguyén tir C bat ddi xtng c6 cAu hinh D va/hoic L; ciing
¢6 ca hdn hop cac cdu hinh nay trong mét hop chit, nghia 13, mdt s6 nguyén tir C bat ddi

xung c6 thé ¢6 cau hinh D va céc nguyén tir C bat doi xtmg khéc c6 thé c¢6 cau hinh L.

Céc hop chét thu duge ¢6 thé dugce tach tiy ¥ bang cac phuong phap da biét (vi du,
Allinger, N.L. und Elliel E.L. in “Topics in Stereochemistry” Vol. 6, Wiley Interscience,
1971) trong chét ddng phan dbi anh va/hoic chit ddng phan khong ddi quang clia ching.
Mbt phuong phap tach dong phan déi anh c6 thé thyc hién 1a sir dung sic ky.

Sang ché con bao gdm céc tién chét ctia hop chét ¢ cong thire chung I. Thuat ngt
“ti&n chat” 12 n6i dén hop chét bat ky c6 thé duoc st dung dé tao ra cc hop chét c6 cong
thirc 1. Tién chét 14y 1am vi du c6 thé 1a hop chit khong c6 thé 5F ma dugc thém vao &

giai doan sau dé tao ra hgp chit hoan chinh.

Sang ché con dé cap dén duoc phém chtra lugng c6 hiéu qua chin doan bénh hoic
diéu tri bénh cua thanh phén hoat tinh (hop chét theo sdng ché c6 cong thitc I) cung véi
chét mang dugc dung vo co hodc hitu co, rén hodc long, 1a thich hgp dé dung vao muc

dich mong mubn va tuong tac v6i thanh phan hoat tinh ma khong gip tré ngai.

Cum tir “duoc dung” duge dung & day dé noi dén cac hop chét, chét, ché phém,

va/hoic dang liéu, trong linh vuc y hoc, thich hop dé str dung tiép xuc véi mo ciia bénh
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nh&n ma khong c6 doc to, phan ng sung tay, phan ung di tng qua mirc, hodc van dé hodc

bién chung khac, theo ty 18 1gi ich/rti ro hop ly.

“Bénh nhan” bao gém dong vat, nhu nguoi, khi, bo cai, ngua, meéo hodc cho. Dong
vét c6 thé 14 dong vét c6 va nhu khong phai dong vat linh truéng va dong vat linh trudng

(vi du, khi va nguoi). Theo mdt phuong an, bénh nhan 1a nguoi.

N6i chung, hop chit c6 cong thire I hodc dugce phim cta chung, c6 thé dugc ding

qua dudng miéng hodc ngoai duong ti€u héa, thuong 1a ti€ém hodc truyén.

“Dung ngoai dudng tiéu hoa” nghia la cac cach dung khong phai dung qua dudng
tiéu hoa va tai ch, thuong 13 bang cach tiém, va bao gbm, nhung khong gi6i han &, tiém
hodc truyén trong tinh mach, trong co, trong dong mach, trong vo, trong bao nang, trong
héc mit, trong tim, trong da, trong mang bung, qua khi quén, dudi da, dudi biéu bi, trong

khép, dudi bao nang, dudi mang nhén, trong cot song va trong xuong Uc.

Liéu hop chét theo séng ché dugc bac s§ xac dinh dya vao cac thong tin cu thé cia
bénh nhan, nhu do tudi, can ning, gidi tinh, mrc 40 nghiém trong ctia bénh, v.v.. Tuong
g v6i dudng ding, thude duge bao ché cho phii hop, vi du ¢ dang dung dich hogc hdn
dich, vién nén don thuan hodc vién bao duong, vién nang gelatin cirng hodc mém, thudc
dan, thubc trang, dang pha ché dé tiém, dugc bao ché theo cac phuong phap bao ché tir

cdy c6 thong thuong.

Céc hop chét theo sang ché c6 thé duge bao ché, khi thich hop, cung vé1i céc chéit
hoat tinh khac va véi ta dugc va chét mang thong thudng trong dugc phém, vi du - phu
thudc vao ché phém duoc bao ché - bot tan, gbm arabic, lactoza, tinh bdt, magie stearat,
bo cacao, chit mang chira nuéc va khong chia nude, chét béo c6 ngudn gdc dong vat
hodc thuc vat, din xuét parafin, glycol (cu thé, polyetylen glycol), cac chét 1am déo, chit
phén tan hodc chit nhii hoa khac nhau, cac khi trong thich vé mat dugc (vi du, khong khi,

oxy, cacbon dioxit, v.v..), chat bdo quan.
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Co thé su dung céc chét phu gia nhu dung dich natri clorua, etanol, sorbitol,
glyxerin, du 6liu, diu hanh nhan, propylen glycol hodc etylen glycol dé bao ché ché
phim long.

Khi st dung dung dich dé truyén hodc tiém, t6t hon néu chung 13 dung dich hoic
hén dich nude, trude khi st dung c6 thé tao ra dung dich hodc hdn dich nay, vi du, tir cac
ché phdm kho lanh chira hoat chét thong thudng hogc ciing véi chit mang, nhur manitol,
lactoza, glucoza, albumin va chét teong tu. Dung dich c6 san duoc vo trung va, khi thich
hop, dugc tron véi ta dugce, vi du chét bao quan, chét 1am 6n dinh, chét nhii hoa, chit hoa
tan, chit dém va/hodc mudi dé didu chinh 4p suét thdm thau. C6 thé thu dugc san pham
vO trung béng cach loc v trung st dung chét loc c6 kich ¢& 16 nho, theo cach d6 ché phém
¢6 thé dugc 1am khé lanh, khi thich hop. Luogng nhé chit khang sinh ciing c6 thé dugc

thém vao d¢ dam bao gitt dugc mirc do vo trung.

Cac cum tir “lugng c6 hiéu qua” hodc “lugng c6 hi€u qua diéu tri” nhu dugc st
dung & day nghia 1 lugng hop chat, chit, hodc ché phdm chira hop chit theo sang ché,
hoac thanh phén hoat tinh khac 1a hi€u qua dé tao ra mot s6 hiéu qua didu tri mong mubn
& {t nhit mot phan nhé cac té bao ctia dong vat & ty 1€ lgi ich/rti ro hop 1y ¢6 thé ap dung
dé diéu tri y té bét ky. Luong c6 hiéu qua didu tri ctia hop chét theo séng ché nghia 1a
lwong ciia chit diéu tri riéng, hodc két hop vdi céc lidu phap khic, ma tao ra loi ich diéu
tri trong viéc diéu tri ngdn ngira bénh. Pugc sir dung két hop v6i hop chét theo sang ché,
thuat ngft nay c6 thé bao gdm luong 1am cai thién toan bd liéu phéap diéu tri, giam hodc
tranh cac triéu chiing hodc nguyén nhan gdy bénh, hodc nang cao hiéu qua diéu tri hodc

dong van véi chat diéu tri khéc.

Nhu duge st dung & ddy, cac thuat ngit “diéu tri” hogc “phuong phép diéu tri”

nham bao gdm ca chan doan, phong bénh, ngan ngtra, di€u tri va chira bénh.

Cac thuat ngit “ngén nglra” va “su ngén nglra” 1a noi dén viéc ngin ngira su khai
phat, tai phat, hodc lan rong cia bénh & bénh nhan do dung chat phong bénh hoic diéu tri
bénh.
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Nhu néu trén, cac hop chét c6 cong thirc chung I 12 thich hop dé ding 1am chét tao
anh phong xa hodc lam chét tri liéu dé didu trj cac té bao tang sinh nhanh, vi du, té bao
bénh ung thu tuyén tién liét biéu hién PSMA. Theo sang ché, cac chét nay dugc goi la

“thudc c6 phéng xa ding dé chin doan bénh”.

Céac phuong phép tao anh dugc uu tién la chup cit 16p bang bic xa positron
(positron emission tomography - PET) hodc chup cét 16p bang birc xa don photon (single

photon emission computed tomography - SPECT).

Do d6, theo mot phuong 4n, sang ché dé xuét dugc phém bao gém hop chét c6
cong thire 1, mudi, solvat, chét déng phan l1ap thé, hodc chat hd bién cua ching, va chét
mang dugc dung. Do d6, dugc pham dugc d& xuét 1a thich hop dé tao anh va dung trong
liéu phap phong xa in vivo. Cac dugc phdm thich hop c6 thé chira hop chét c6 cong thirc
I & luong du dé tao anh, cling véi chét dn tia X duoc dung. Chét dan tia X 14 thich hop
dé tiém hoic hit, nhu albumin huyét thanh nguoi; dung dich nude chira chit dém, vi dy,
tris(hydrometyl) aminometan (va céac mudi cta no), phosphat, xitrat, bicarbonat, v.v.;
nuée mudi sinh 1y nude vo tring; va dung dich can bang ion chira clorua va hodc céac
mubi dicarbonat hodc cac luu ¥ huyét turong mau binh thudng nhu canxi kali, natri va

magie.

Ham luong chét tao anh hoic chét diéu tri trong chét din tia X can phai du dé tao
ra anh phit hop. Vi duy, khi st dung dung dich nude, thi liéu 1a khoang tir 1,0 dén 100
milicuri. Tuy nhién, lidu thyc té dung cho bénh nhan dé tao anh hodc cho muc dich didu
tri dugc bac s§ didu tri x4c dinh. Chét tao anh hoic chét diéu tri can dugc ding dé giit lai
trong co thé bénh nhan trong khoang 1 gid dén 10 ngay, mic du thoi gian 1au hon hodc
ngén hon déu c6 thé duoc chép nhén. Do do, c6 thé san xuét cac 6ng thudc tiém/lo nho

thich hop chira 1 dén 10 mL dung dich nuéec.

C6 thé thyc hién tao anh theo cach thong thuong, vi du, bang céch tiém vira du
lwong ché pham tao 4nh dé tao ra anh phi hop va sau d6 quét bang may tao anh hogc may

quét thich hop, nhu chup c4t 16p hodc may anh gama. Theo mot sd phuong 4n nhéat dinh,
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phuong phép tao anh mot ving co thé cua bénh nhan bao gdm cac budc: (i) cho bénh
nhan ding luong c6 hiéu qua chan doan bénh ctia hop chit dwoc danh ddu nuclit phong
xa; cho ving co thé cia bénh nhan tiép xtic véi thiét bi quét; va (ii) thu anh cla ving co

thé cua bénh nhan.

Luong hop chét theo sang ché, hoic mudi, solvat, chét déng phan 1ap thé, hodc
chét hd bién ctia n6 ma dugc ding cho bénh nhan phu thudc vao nhiéu yéu td sinh ly ma
thuong dugce bac s§ sit dung, bao gém ban chét cua viéc tao anh dugc thuc hién, md duogc
huéng dich dé tao anh hoic diéu tri va thé trong va tién st bénh ctia bénh nhan can tao

anh hoic can diéu tri st dung thudc c6 phéng xa dung dé chan doan bénh.

Dic biét, rdi loan hodc bénh ting sinh té bao can diéu tri hodc tao anh sir dung hop
chét, duoc phim hozic thudc c6 phong xa ding @& chén doan bénh theo sang ché nay 13
bénh ung thu, vi dy, bénh ung thu tuyén tién liét va/hodc su di can ciia bénh ung thu tuyén

tién liét &, vi du, phoi, gan, than, xuong, ndo, tiy song, bang quang, v.v..

Viéc tdng hop céc hop chét cia sang ché duge thyc hién theo cac phuong phap da
biét trong tinh trang k¥ thuat (vi dy, Hugenberg et al., J. Med. Chem. 2013, 56, pp. 6858-
6870). Cac phuong phéap thong thuong dé danh ddu '8F cta nhiéu dai phan t khéc nhau
dugc thé hién trén Fig. 1-7. Ngoai ra, tham khao tai liéu Schubiger et al., PET Chemistry:
The Driving Force in Molecular Imaging, Ernst Schering Research Foundation,
Workshop 62, Springer Verlag, ISSN 0947-6075; Ross et al, Current
Readiopharmaceuticals, 2010, 3, 202-223; Kiihnast et al., Current Radiopharm 3, 2010,
174; Bernard-Gauthier et al., BioMed Research International, 2014, 1; Maschauer and
Prante, BioMed Research International, 2014, 1; Olberg et al., J. Med. Chem., 2010, 53,
1732; Rostovtsev et al., Angew. Chem., 2002, 114, 2708; Smith and Greaney, Org. Lett.,
2013, 15, 4826. Do d6, ngudi co hiéu biét trung binh trong linh vuc k¥ thuét nay cé thé
chon danh d4u '8F bén phai phu thudc vao phan tit ban dAu. Qua trinh tdng hop cac phan
tir thanh phan lién két cu thé duoc thé hién trong tai liéu EP 13004991 dugc néu & day dé
tham khao.
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Céc hop chét téng hop duge mé ta vé mit héa hoc bang phuong phap RP-HPLC,
MS, va/hodc NMR.

Céc chét tao anh dugc gén thé 8F mdi véi cac bién dbi vé chu tric trong viing
thanh phan lién két c6 dugc dong hoc va dic diém hudng dich khéi u dugce cai thién. Dugce
tinh thé hién ba nhém carboxylic c6 thé twong tac véi cac chudi bén twong tng cia PSMA
va oxy 12 mot phan cta phirc kém & tAm hoat dong. Ngoai cc tuong tac bét budc nay, cac
tac gia sang ché c6 thé tdi wu héa cac twong tac wa béo trong ving thanh phan lién két so
v6i cac hop chét duge mo ta trong EP 14003570.0. Hon nita, cac khéi chu tric wa nudc
duge thém vao thanh phdn lién két ctia céc hop chit theo sang ché (thanh phan lién két
B), d4n dén ting dugc dong hoc. Céc hop chét nay dugc danh gia trong cac thir nghiém
in vitro (41 lyc, mirc d0 tiép nhan) va cac thi nghiém in vivo (sang loc bang pPET va phan

bb co quan).

Bén hop chét duge wu tién c6 két qua dic biét htta hen 1a F-PSMA1007, 8F-
PSMA1011, 8F-PSMA 1012 va '8F-PSMA 1015:
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T4t ca cac hop chit duge danh d4u flo-18 bang TFP este ctia axit 2-['*F]flonicotinic

& cac hiéu suét hoa hoc phong xa tot. Bang A thé hién 4i luc gén két cta cac chat tc ché
PSMA tao ra cho dén nay vé co ban la giéng nhau va nim trong khoang tiéu chuin. Hon
nita, tit ca cac hop chét duge tiép nhan dic biét & 37°C véi do hép thu té bao cao hon va
céc gié tri tiép nhan cao hon (Bang B). Do do, cac hop chét nghién ctru boc 19 cac dic

diém t6i wu in vitro dé tao anh PET c6 do twong phan cao.

Céc hop chét theo sang ché duoc nghién ctru trong cac nghién ctru v& sur phan bd
co quan & chudt nhét mang khéi u LNCaP (duong tinh PSMA) ¢6 va khong c6 khéi
PMPA. Céc két qua thu dugc lam vi du cia PSMA1007 (khong c6 nghia 1a sang ché b
gidi han theo cach bét ky chi ¢ hop chét cu thé nay) dugc tong két trén cac Fig. 8 va 9.
Do hap thu khéi u 1a khoang 8,0+2,4% ID/g. Vi khong quan sat thdy su phong bé dinh

lwong cua lién két trong thir nghiém phong bé, nén thi nghiém phan bb co quan duge lip
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lai v&i chudt nhit mang khdi u PC3 (Am tinh PSMA; két qua thé hién trén Fig. 8). Do do,
thuc t& 1a khong quan sat thay do hap thu khéi u. Do d6, @6 hip thu khdi u dugc xem xét
cu thé. Ngoai ra, so véi sy phan bb co quan quan sit thdy dbi voi hop chat dbi ching
PSMA-1003 da dugc md ta trong tai liéu EP 14 003 570.0 va dugc thé hién trén Fig. 12,
hop chit PSMA-1007 m&i thé hién do hap thu giam dang ké ¢ mo khong phai dich nhu
gan va rudt non. Do d6, PSMA-1007 con dugc danh gi trong thi nghi€ém microPET. Céc
két qua dugc thé hién trén cac Fig. 10 va 11. Khéi u LNCaP duoc hién thi ro rang trong
thi nghiém nay (SUVmax = 3,1 & 120-140 phut sau khi tiém). Do hép thu khdng mong
mudn & tai mét c6 thé 1a ddu hidu cta chét chuyén héa. Toan bd loai méi cua chét tre ché
PSMA dugc danh diu flo-18 thé hién kha nang 16n dung lam chét danh d4u dé phat hién

bénh ung thu tuyén tién li¢t va cac di cin cua no.

Bing cach tng dung ['*FJPSMA-1007 cho tinh nguyén vién khée manh da thu
duge mot sd nhan dinh quan trong. Tht nhét, liéu quét PET/CT hiéu qua v6i 200-250
MBq 14 4,3 — 5,4 mSv (2,15 mSv/MBgq; Fig. 14). Nhiéu hon 95% hoat tinh du trit mau
dugc tim thdy trong huyét thanh (khong thiAm thAu hodc thAm thdu khong dang ké hong
huyét cAu) va nhiéu hon 90% thanh thai ra khéi méau trong 3 gid dau tién sau khi tiém.
Cho dén nay, cac két qua nay c6 thé so sénh v&i cac chit danh ddu PSMA quan trong
khac. Tuy nhién, so véi cac chit danh ddu PSMA da biét khac, cac hop chét theo sang
ché, dic biét 1a [FJPSMA-1007, tao ra do thanh thai gan-6ng gan rat la thuong vé6i do
thanh thai rit nho qua dudng than. D6 thanh thai duong tiét nidu thép dang ké c6 thé dénh
gi4 tdt ving b tuyén tién liét. Do d6, cac chit danh d4u theo sang ché hoan toan thich hop

dé chan doan so bd bénh ung thu tuyén tién 1iét va sy tai phat cuc bo.

Viéc nay con dugc ching minh bang céac két qua cua nghién ciu 1an dau tién &
nguoi (first-in-man study). Do do, ty 1€ khéi u so v6i sb lidu co ban tét dén 10 dugc quan
sat thdy trong khéi u gdc ma khong gip tré ngai bét ky tir sy tich tu chat danh dau trong
bang quang. Hon nita, di cin hach bach huyét c6 dudng kinh duéi 1 mm c6 the phat hién
thdy, nim trong khoang do phan giai quét PET véi F-18. Déi chiéu véi cac mau thu dugc

bang cach phan tich thu thuat cét bo hach bach huyét khung xwong chau phat hién thy
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tinh dic hidu 12 95%. Ngoai ra, cac mAu thu dugc tir thi thuat cat bé tuyén tién liét duge
phan tich bing md bénh hoc cho thdy médi twong quan gan tot nhét véi cac anh thu dugce
bing PET. Cac két qua nay chimg minh rd kha ning tao anh bénh ung thu tuyén tién liét
bang cac hop chét cia sang ché, dic biét 1a véi [*FIPSMA-1007.

Vi du dudi day giai thich sang ché mot cach chi tiét hon nhung khong 1am giéi han

sang ché & cac phuong 4n 14y 1am vi du theo cach bat ky.
Vi du thwce hién sang ché

Vidu 1: Téng hop tién chit va cac hop chét d6i ching duge 1am lanh cua chét tc ché lién

hop BF

Isoxyanat ciia nhom glutamyl dugc tao ra tai chd bang cach thém hdn hop chira 3
mmol bis(tert-butyl) L-glutamat hydroclorua va 1,5 mL N-etyldiisopropylamin (DIPEA)
trong 200 mL CH>Cl, khan vao dung dich chira 1 mmol triphosgen trong 10 mL CH>Cla
khan & 0°C trong 4 gi¢. Sau khi khudy hdn hop phéan tng trong 1 gid ¢ 25°C, thém 0,5
mmol lysin duge bao vé béi (nhua 2-clo-trityl) e-alyloxycarbonyl ¢d dinh nhya trong 4
mL DCM va phan Gng trong 16 gio kém khudy nhe. Nhua dugc loc va nhém bao vé
alyloxy dugc loai bd sit dung 30 mg tetrakis(triphenyl)paladium(0) va 400 uL morpholin
trong 4 mL CH>Cl, trong 3 gio.

Lién két sau cua “axit amin lién két” (nhu dugc x4c dinh trong cong thire I va So
dd 1 nhu thé hién & trén) dugc thuc hién ting bude st dung 2 mmol axit dugce bao vé
bang Fmoc, 1,96 mmol HBTU va 2 mmol N-etyldiisopropylamin trong thé tich cubi 1a 4
mL DMF.

San phdm dugc tach ra khéi nhya trong 2 mL hdn hop gdm axit trifloaxetic,
triisopropylsilan, va nude (95:2,5:2,5). Tién hanh tinh ché bang cach sir dung RP-HPLC
va phan tich san phdm tinh ché bang RP-HPLC va MALDI-MS phan tich.

Ché phim chtra 50 mg céc hop chét dbi chiing khong c6 hoat tinh phong xa gdm
HBTU/DIPEA (0,98 va 1 duong lugng) hoat hoa axit 6-flonicotinic-3 dugc ghép vao thé
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tich cudi 1a 4 ml DMF va dugc khudy trong 1 gi& & nhiét do trong phong va san phim

duoc tach nhya nhu mo ta ¢ trén.

Trong mdt s6 ché phim, c4c nhom hoat tinh dwgc gan thé '*F (vi dy, axit pent-4-
ynoic hodc axit (Boc-aminooxy)axetic) duoc gin v6i nhém tin cling amino dé sau do

dénh dau '8F.

Vi du 2: Diéu ché va hoat hoa ['*F]florua
Diéu ché va hoat hoa ['*F]florua

Flo-18 duoc didu ché bing cach chiéu xa nudc giau %0 bang 16,5 MeV proton st
dung phan tmg hat nhan O(p,n)!8F. Tién hanh chiéu xa bang Scanditronix MC32NI
xyclotron & Phong hoéa hoc thudc c6 phéng xa ding dé chin doan bénh (E030)
(department of Radiopharmaceutical Chemistry (E030)) & Trung tdm Heidelberg nghién

ctru bénh ung thu & Dirc (the German Cancer Research Center Heidelberg).

Sau khi truyén nude da chiéu xa vao hé théng tu dong hoa (Trasis All In One 32),
[8F]F- dugc tach tir ['*0]H,O bing cach di qua hop trao di anion trong diéu kién da néu
trude d6 (5 ml K2CO3 1M va 10 ml nuéce) (Waters Accel™ Plus QMA Cartridge light)
va sau d6 ria giai bang hdn hop gdbm 800 pl axetonitril va 150 pl dung dich
tetrabutylamoni bicarbonat (320 mM trong nudce). Hén hop duge 1am bay hoi dén kho &
nhiét do 100°C trong dong nito. Sau d6, ldp lai budc chung cAt nay hai 1an bang cach
thém 1,8 ml axetonitril mdi budc. Sau khi dung chin khong thu dugc t61 da cho phan cin
trong 5 phat ¢ 100°C va sau d6 1am ngudi xudng 50°C, phan cin kho dugc hoa tan trong

2 ml tert-butanol/axetonitril (8:2) va dugc st dung cho cac phan img danh dau.

Theo cach khac, hé ndy con dugce st dung v6i hé hoat hoa Kryptofix® 2.2.2 /
K2COs ¢b dién (20 mg 2.2.2 + 28 pl K2CO3 1M ) trong axetonitril. Hon nita, dung moi dé
hoa tan [8F]F- hoat tinh dwoc thay ddi thanh DMF khan, DMSO hodc axetonitril trong

mot sO thi nghiém.
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Vi du 3: Téng hop phéng xa tetraflophenyl este ctia axit 6-['*F]flonicotinic (["*F]FN-TFP)

Thém 1 ml zert-butanol/axetonitril (8:2) chia ['*F]KF-Kryptofix 2.2.2 komplex
(0,1-10 GBq ®F) da kho vao 10 mg N,N,N-trimetyl-5-((2,3,5,6-tetraflophenoxy)-
carbonyl)pyridin-2-aminium triflometansulfonat (duoc didu ché nhu dugc md ta béi
Olberg et al. J. Med. Chem., 2010, 53, 1732) va gia nhiét hdn hdn hop & 40°C. Sau 10
phut, hdn hop dugce pha lodng bing 3 ml nude va nap san phim 1én Oasis MCX Plus Sep-
Pak (Waters) trong diéu kién truéc d6. Rira hdp bang 10 mL nudc va rira giai
tetraflophenyl este ctia axit 6-['®F]flonicotinic tinh ché tré lai binh phan tGng st dung 2
mL nuéc/axetonitril (7:13). Dé dat duge ham lugng hoat tinh cao hon, tién hanh ria giai
phén doan trong mot sb trudong hop. Do d6, rira hop da nap bang 500 pl dung moi, ma
dugc loai bd, va sau d6 rira giai bang 400-800 ul dung mai dbi v6i cac phan g khéc.

Thuong 13 nhiéu hon 50% hoat tinh ban dAu dugce rira giai bang phan doan thit hai.

Vi du 4: PSMA-1007

Tién hanh tdng hop tién chét va chat d6i ching dugc 1am lanh nhu duge md ta trong vi

dul.
Tbng hop phong xa [**FIPSMA-1007

Thém 200 pl (['®F]FN-TFP) vao 50 pl dung dich 2 mg/ml chira PSMA-1007-VL
trong DMSO. Sau do, thém 50 pl chét dém (chat dém phosphat 0,2M, do pH 8,0) va gia
nhiét hdn hop & 60°C trong 20 phut. San pham duge tich bang HPLC phéng xa ban didu
ché va dugc xé4c dinh bing HPLC phéng xa phan tich va so sanh thoi gian luu véi cac hop

chét dbi chimg khong c6 hoat tinh phong xa tuong tng.
PSMA1007-VL (tién chét):

(Glu)-(Ure)-(Lys)-(2-Nal)-(Bn)-(Glu)-(Glu); (C43Hs3N701s; 907,93 g/mol)
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dic biét 1a (Glu)- (Ure)-(Lys)-(2-Nal)-(Bn)-(L-Glu)-(L-Glu)

MS (MALDI): m/z =908,7 [M + H']"

PSMA-1007
(Glu)-(Ure)-(Lys)-(2-Nal)-(Bn)-(Glu)-(Glu)-FN; C49HssFNsO16; (1031 g/mol)
dic biét 1a (Glu)-(Ure)-(Lys)-(2-Nal)-(Bn)-(L-Glu)-(L-Glu)-FN;

MS (MALDI): m/z = 1032,1 [M + H']*

[¥F]PSMA-1007
RCA: hoat d0 (khoang) 6%

HPLC (Gradien: 5% A / 95% B — 95% A / 5% B trong 12,5 phut; luu luong: 3 ml/phut;
cdt: Merck Chromolith® Performance RP-18e 100-4,6 mm; dung mdi A: axetonitril, dung
moi B: 0,1% dung dich nuéc TFA): tiu (tret): 4,56 phit (tenét (tdead): 0,56 phut)

Vidu 5: PSMA-1011

Tién hanh tdng hop tién chét va chit ddi ching dwoc 1am lanh nhu dwgc mo ta
trong vi du 1. Tién hanh tong hop ['*F]PSMA-1011 nhu dugc mb ta trong vi du 4.

PSMA-1011-VL (tién chét):
(Glu)-(Ure)-(Lys)-(2-naphtylalanin)-(Glu)-(Glu); C3sH4sNsO14 (774,78 g/mol)

MS (MALDI): m/z=775,3 M+ H'T"

-60-



38796

PSMA-1011:
(Glu)-(Ure)-(Lys)-(2-naphtylalanin)-(Glu)-(Glu)-FN; C41H4sFN7O15 (897,86 g/mol)

MS (MALDI): m/z = 898,3 [M + H']*

[*FIPSMA-1011:
RCA: khoang 7%

HPLC (Gradien: 5% A / 95% B —50% A / 50% B trong 10,0 phut; Iuu lugng: 3 ml/phut;
cot: Merck Chromolith® Performance RP-18¢ 100-4,6 mm; dung mdi A: axetonitril, dung
mdi B: 0,1% dung dich nudc TFA): tiw: 5,72 phut (tenét: 0,56 phut)

Vidu 6: PSMA-1012

Tién hanh tdng hop tién chit va chit déi ching dugc 1am lanh nhu duoc md ta

trong vi du 1. Tién hanh tdng hop ['*F]PSMA-1012 nhu dugc md ta trong vi du 4.

PSMA-1012-VL (tién chét):
(Glu)-(Ure)-(Lys)-(2-naphtylalanin)-(yGlu)-(Glu); C3sHasNsO14 (774,78 g/mol)

MS (MALDI): m/z=775,0 [M + H*]*

PSMA-1012:

(Glu)-(Ure)-(Lys)-(2-naphtylalanin)-(yGlu)-(Glu)-FN; C41HasFN7O15 (897,86 g/mol)

MS (MALDI): m/z = 897,9 [M +H']"
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[ FIPSMA-1012:
RCA: khoang 4%

HPLC (Gradien: 5% A / 95% B —50% A / 50% B trong 10,0 phut; lvu lwgng: 3 ml/phit;
cot: Merck Chromolith® Performance RP-18e 100-4,6 mm; dung moi A: axetonitril, dung
mdi B: 0,1% dung dich nudc TFA): tiwu: 5,61 phit (tenét: 0,56 phit)

Vidu 7: PSMA-1015

Tién hanh téng hop tién chit va chét dbi chimg dugc lam lanh nhu dugc md ta

trong vi dy 1. Tién hanh téng hop ['*F]PSMA-1015 nhu duoc mo ta trong vi du 4.
PSMA-1015-VL (tién chét):
(Glu)-(Ure)-(Lys)-(2-Nal)-(Bn)-(Glu); C3sH46N6O12 (778,80 g/mol)

MS (MALDI): m/z=779,4 [M + H']"
PSMA-1015:
(Glu)-(Ure)-(Lys)-(2-Nal)-(Bn)-(Glu)-FN; C4aH4sFN7013 (901,89 g/mol)

MS (MALDI): m/z = 902,5 [M + H*]*

[¥FIPSMA-1015:

RCA: khoang 7%
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HPLC (Gradien: 5% A /95% B —50% A / 50% B trong 10,0 phut; Ivu lwgng: 3 ml/phit;
cot: Merck Chromolith® Performance RP-18e 100-4,6 mm; dung mdi A: axetonitril, dung
mdi B: 0,1% dung dich nuéc TFA): tiwu: 6,48 phut (tenét: 0,56 phut)

Vi du 8: Téng hop ['8F]JFN-TEP kho

Tién hanh téng hop phong xa nhu duge md ta trong vi du 3 cho dén khi ria giai
[BFJFN-TFP khoi hop. Sau khi rira hop bing 10 ml nuée (vi du 3), hop duge thdi khd
bang 20 — 40 ml khdng khi. Sau d6, hop MCX duoc ndi voi hop 1am kho SepPak SodSulf
va san phém dugc rua giai bang 2 ml axetonitril khan. Pé dat dugc ham lugng hoat tinh
cao hon, tién hanh rira giai phan doan trong mot s6 truomg hop. Do d6, rita hop MCX da
nap béng 500 pl dung méi (sau khi thdi kho hdp), ma dugc loai bd, va sau d6 hop kho
duoc ndi v6i hop MCX va san pham dugc rira giai béng 0,8-1,2 ml axetonitril d6i vé6i cac
phan Gng khac. Thuong 1a nhiéu hon 50% hoat tinh ban d4u dugc rira giai bang phan doan

thir hai.

Vidu 9: PSMA-1018

Tién hanh téng hop tién chat va chét d6i ching dugce 1am lanh nhu duge md ta trong vi

du 1.
Téng hop phong xa ['*FIPSMA-1018

Thém 200 pl ['8F]FN-TFP kho (vi du 8) vao 50 pl dung dich 4 mg/ml chira PSMA-
1018-VL trong DMSO. Sau d6, thém 10 pl DIPEA va gia nhiét hdn hop & 60°C trong 20
phut. Sau d6, hdn hgp phan tng dugc axit hoa bang cach thém 10 ul TFA, san pham duoc
tach bang HPLC phéng xa bén diéu ché va xac dinh bang HPLC phong xa phan tich va
so0 sdnh thoi gian Iuu véi cac hgp chét dbi chimg khong c6 hoat tinh phong xa twong tng.

PSMA-1018-VL (tién chat):
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(Glu)-(Ure)-(Lys)-(2-Nal)-(Bn)-(Glu)-(Glu)-(Glu); CasHeoNsO1s (1037,03 g/mol)

MS (MALDI): m/z= 1037,6 [M + H']*

PSMA-1018:
(Glu)-(Ure)-(Lys)-(2-Nal)-(Bn)-(Glu)-(Glu)-(Glu)-FN; CssHs2FNsO1 (1160,12 g/mol)

MS (MALDI): m/z = 1160,8 [M + H']*

[*FIPSMA-1018:
RCA: khoang 20%

HPLC (Gradien: 5% A / 95% B —95% A / 5% B trong 10,0 phit; luu lugng: 3 ml/phut;
cdt: Merck Chromolith® Performance RP-18e 100-4,6 mm; dung mdi A: axetonitril, dung
méi B: 0,1% dung dich nudc TFA): tiw: 3,87 phit (tenée: 0,56 phut)

Vi du 10: PSMA-1019

Tién hanh tdng hop tién chét va chét dbi chimg dugce 1am lanh nhu duge mod ta

trong vi du 1. Tién hanh tong hop ['*FIPSMA-1019 nhu dugc md ta trong vi du 9.
PSMA-1019-VL (tién chat):
(Glu)-(Ure)-(Lys)-(2-Nal)-(Chx)-(Glu)-(Glu); C43HssN7O15 (913,97 g/mol)

MS (MALDI): m/z=914,4 M+ H'T"

PSMA-1019:
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(Glu)-(Ure)-(Lys)-(2-Nal)-(Chx)-(Glu)-(Glu)-FN; C49He1FNsO16 (1037,05 g/mol)

MS (MALDI): m/z = 1037,7 [M + H']*

[!F]PSMA-1019:
RCA: khoang 47%

HPLC (Gradien: 5% A / 95% B —95% A / 5% B trong 12,5 phut; luu lugng: 3 ml/phut;
¢ot: Merck Chromolith® Performance RP-18e 100-4,6 mm; dung mdi A: axetonitril, dung
mdi B: 0,1% dung dich nudc TFA): tiwu: 4,43 phit (tenét: 0,56 phut)

Vidu 11: PSMA-1020

Tién hanh tdng hop tién chét va chit déi chimg dugce lam lanh nhu duoc md ta

trong vi du 1. Tién hanh téng hop ['*FJPSMA-1020 nhu dugc md ta trong vi du 9.
PSMA-1020-VL (tién chét):
(Glu)-(Ure)-(Lys)-(2-Nal)-(yGlu)-(Glu)-(Glu); C40Hs3N7017 (903,89 g/mol)

MS (MALDI): m/z = 904,9 [M + H*]*
PSMA-1020:
(Glu)-(Ure)-(Lys)-(2-Nal)-(yGlu)-(Glu)-(Glu)-FN; CasHssFNsO1s (1026,97 g/mol)

MS (MALDI): m/z=1027,9 [M + H']*

[8F]PSMA-1020:
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RCA: khoang 60%

HPLC (Gradien: 5% A / 95% B — 95% A / 5% B trong 12,5 phut; luu luong: 3 ml/pht;
cot: Merck Chromolith® Performance RP-18e 100-4,6 mm; dung moi A axetonitril, dung
mdi B: 0,1% dung dich nuéc TFA): tiw: 6,48 phiit (tenét: 0,56 phut)

Vidy 12: PSMA-1022

Tién hanh tdng hop tién chét va chit ddi ching duoc 1am lanh nhu duge mo ta
trong vi du 1. Tién hanh tong hop [*FJPSMA-1022 nhu duge mo6 ta trong vi du 9.

PSMA-1022-VL (tién chét):
(Glu)-(Ure)-(Lys)-(2-Nal)-(yGlu)-(yGlu); C3sHasNsO14 (774,78 g/mol)

MS (MALDI): m/z = 7754 [M + H*]*

PSMA-1022:
(Glu)-(Ure)-(Lys)-(2-Nal)-(yGlu)-(yGlu)-FN; C41H4sFN7O15 (897,86 g/mol)

MS (MALDI): m/z = 898,8 [M + H*]*

[*FIPSMA-1022:
RCA: khoang 29%

HPLC (Gradien: 5% A / 95% B — 95% A / 5% B trong 10,0 phut; Iuu lwong: 3 ml/phut;
cdt: Merck Chromolith® Performance RP-18e 100-4,6 mm; dung mdi A: axetonitril, dung
mdi B: 0,1% dung dich nuéc TFA): tiw: 3,92 phiit (tené:: 0,56 phit)
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Vidu 13: PSMA-1023

Tién hanh tdng hop tién chit va chit di ching dwoc 1am lanh nhu dwoc md ta
trong vi du 1. Tién hanh téng hop ['*F]PSMA-1023 nhu dugc mo ta trong vi du 9

PSMA-1023-VL (tién chét):
(Glu)-(Ure)-(Lys)-(2-Nal)-(Bn)-(D-Glu)-(D-Glu); C43Hs3N7015 (907,93 g/mol)

MS (MALDI): m/z=907,8 M+ H']"

PSMA-1023:
(Glu)-(Ure)-(Lys)-(2-Nal)-(Bn)-(D-Glu)-(D-Glu)-FN; CasHssFNsO16 (1031,00 g/mol)

MS (MALDI): m/z=1031,8 [M + H']"

[*F]PSMA-1023:
RCA: khoang 24%

HPLC (Gradien: 5% A / 95% B — 50% A / 50% B trong 10,0 phut; luu lugng: 3 ml/phut;
cdt: Merck Chromolith® Performance RP-18e 100-4,6 mm; dung moi A: axetonitril, dung
méi B: 0,1% dung dich nudc TFA): tiwu: 3,87 phiit (tenét: 0,56 phut)

Vi du 14: PSMA-1024

Tién hanh téng hop tién chat va chat dbi chung duoc 1am lanh nhu dugc md ta

trong vi du 1. Tién hanh tdng hop [*F]JPSMA-1024 nhu dwgc md ta trong vi du 9.

PSMA-1024-VL (tién chét):
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(Glu)-(Ure)-(Lys)-(2-Nal)-(Bn)-(D-Glu)-(Glu); C43H53N7015 (907,93 g/mol)

MS (MALDI): m/z=908,6 [M + H']*

PSMA-1024:
(Glu)-(Ure)~(Lys)-(2-Nal)-(Bn)-(D-Glu)-(Glu)-FN; C49HssFNsO16 (1031,00 g/mol)

MS (MALDI): m/z=1031,5 [M + H'T*

[BFIPSMA-1024:
RCA: khoang 27%

HPLC (Gradien: 5% A / 95% B —95% A / 5% B trong 10,0 phut; luu luong: 3 ml/phut;
cdt: Merck Chromolith® Performance RP-18¢ 100-4,6 mm; dung mdi A: axetonitril, dung
mdi B: 0,1% dung dich nudc TFA): tiw: 3,85 phut (tenét: 0,56 phut)

Vidu 15: PSMA-1025

Tién hanh tdng hop tién chét va chét d6i ching dugce lam lanh nhu duge md ta

trong vi du 1. Tién hanh tong hop ['*F]PSMA-1025 nhu dugc md ta trong vi du 9.
PSMA-1025-VL (tién chat):
(Glu)-(Ure)-(Lys)-(2-Nal)-(Bn)-(Gla); C39HasNeO14 (822,21 g/mol)

MS (MALDI): m/z = 822,8 [M +H']"

PSMA-1025:
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(Glu)-(Ure)-(Lys)-(2-Nal)-(Bn)-(Gla)-FN; Ca9HssFNgO16 (945,32 g/mol)

MS (MALDI): m/z = 946,0 [M + H'T*

[*FIPSMA-1025:
RCA: khoang 24%

HPLC (Gradien: 5% A / 95% B — 95% A / 5% B trong 12,5 phat; luu luong: 3 ml/phut;
cdt: Merck Chromolith® Performance RP-18e 100-4,6 mm; dung mdi A: axetonitril, dung
méi B: 0,1% dung dich nuéc TFA): tiw: 4,51 phit (tenés: 0,56 phit)

Viduy 16: PSMA-1026

Tién hanh tdng hop tién chét va chit déi ching duge lam lanh nhu duge md ta

trong vi du 1. Tién hanh tong hop ['*F]PSMA-1026 nhu dugc mo ta trong vi du 9.
PSMA-1026-VL (tién chét):
(Glu)-(Ure)-(Lys)-(2-Nal)-(Bn)-(Sala); C36H44N6O13S (800,83 g/mol)

MS (MALDI): m/z = 801,8 [M + H']"
PSMA-1026:
(Glu)-(Ure)-(Lys)-(2-Nal)-(Bn)-(Sala)-FN; C42Ha6FN7014S (923,92 g/mol)

MS (MALDI): m/z=924,7 M+ H'T"

[BFIPSMA-1026:
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RCA: khoang 57%

HPLC (Gradien: 5% A / 95% B — 95% A / 5% B trong 12,5 phut; luu luong: 3 ml/pht;
cot: Merck Chromolith® Performance RP-18¢ 100-4,6 mm; dung moi A: axetonitril, dung
mdi B: 0,1% dung dich nudc TFA): tiwu: 4,03 phut (tenét: 0,56 phut)

Vidu 17: PSMA-1027

Tién hanh téng hop tién chit va chit ddi chimg duge 1am lanh nhu duge mo ta
trong vi du 1. Tién hanh tong hop ['*F]PSMA-1027 nhu dugc md ta trong vi du 9.

PSMA-1027-VL (tién chét):
(Glu)-(Ure)-(Lys)-(2-Nal)-(Bn)-(Sala)-(Sala); C3eH49N7017S2 (951,97 g/mol)

MS (MALDI): m/z=952,7 [M + H']"

PSMA-1027:
(Glu)-(Ure)-(Lys)-(2-Nal)-(Bn)-(Sala)-(Sala)-FN; C4sHs1FNsO1sS2 (1075,06 g/mol)

MS (MALDI): m/z=1075,8 [M+H']"

[*F]PSMA-1027:
RCA: khoang 62%

HPLC (Gradien: 5% A / 95% B — 95% A / 5% B trong 10,0 phut; luu lugng: 3 ml/phut;
cot: Merck Chromolith® Performance RP-18e 100-4,6 mm; dung moi A: axetonitril, dung
mdi B: 0,1% dung dich nudc TFA): tiw: 3,10 phtt (tenée: 0,56 phut)
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Vi du 18: Nuobi cdy té bao

Débi v6i cac nghién ctu gin két va cac thi nghiém in vivo, cac té bao LNCaP
(thwong tén adenocarcinoma tuyén tién liét di can & ngudi, ATCC CRL-1740) dugce nudi
cdy trong mdi trudong RPMI dugc bd sung 10% huyét thanh thai bé va Glutamax (PAA,
Austria). Trong qua trinh nuoi céy té bao, cac té bao dugc sinh trudng & nhiét do 37°C
trong may U ¢6 khong khi dugc lam 4m, 1am cAn bang bang 5% CO2. Thu gom cac té bao
bang cach sir dung axit trypsin-etylendiamintetraaxetic (trypsin-EDTA; 0,25% trypsin,
0,02% EDTA, tht c cac chét nay déu cta hang PAA, Austria) va rira bang PBS.

Vi du 19: Gén két té bao va mirc do tiép nhan

Thtr nghiém gén két t& bao canh tranh va cac thi nghiém muc do tiép nhén dugc
thuc hién nhu d3 md ta trudc dé (Eder el al. Bioconjugate Chem. 2012, 23 (4), 688-697).
Tém lai, cac t& bao twong Gng (10° mdi 18) dugc 0 biang phdi tir phéng xa (*Ga-labeled
[Glu-ure-Lys(Ahx)],--HBED-CC (Schafer et al. EJNMMI Research 2012, 2:23
doi:10.1186/2191-219X-2-23) v6i su ¢6 mit ctia 12 ndng do chat phan tich khéc nhau (0-
5000 nM, 100 pL/13). Sau khi 1, tién hanh rta sit dung méy hut chan khong nhiéu man -
multiscreen vacuum manifold (Millipore, Billerica, MA). Hoat tinh phéng xa lién két té
bao dugc xac dinh b%mg may dém gama (Packard Cobra I, GMI, Minnesota, USA). Néng
5 trc ché 50% (ICs0) dugc tinh theo s6 ligu bang cach str dung thuat toan hdi quy khong
tuyén tinh (GraphPad Software). Cac thi nghiém dugc thuc hién ba 14n. Tham chiéu duoc
néu trong Bang A dudi day.

DPé x4c dinh do hép thu té bao cu thé va mtc d6 tiép nhan, 10° té bao duoc gieo
trong cac dia nudi cdy té bao 24 16 dugc phi poly-L-lysin trong 24 gio truéc khi 1. Sau
khi rtra, cc t& bao dugc G bing 30 nM hop chit dugc danh ddu phéng xa trong 45 phut &
37°C. Do hép thu té bao cu thé dugc x4ac dinh bang cach phong bé canh tranh bang axit
2-(phosphonometyl)pentandioic (ndng d6 cudi 500 uM, PMPA, Axxora, Loerrach,
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Germany). Hoan thanh budc hap thu té bao bang cach rira 3 14n bang 1 mL PBS 1am lanh
bing d4. Sau do, cac té bao dugc 1 hai 14n bang 0,5 mL glyxin-HCI trong PBS (50 mM,
pH = 2,8) trong 5 phut d8 loai b6 phan doan gén két bé mat. Cac té bao dugce rira bang 1
mL PBS lam lanh b%mg nudc da va lam tan b?mg cach st dung NaOH 0,3N (0,5 mL). Céc
phan doan gén két bé mit va phan doan tiép nhan dugc xac dinh bang méy dém gama. Do
hép thu té bao dugc tinh theo phan trim hoat tinh phéng xa thém vao ltic du gin két v6i

105 t& bao [%ID/10° t& bao]. Céc két qua chinh dugce néu trong Bang B.

Bang A: Thtr nghiém ai lyc gin két

Hop chét ICso [nM]
PSMA-1007 5
PSMA-1011 7
PSMA-1012 7
PSMA-1015 4
PSMA-1018 14
PSMA-1019 12
PSMA-1020 9
PSMA-1022 8
PSMA-1023 8
PSMA-1024 8
PSMA-1025 9
PSMA-1026 14
PSMA-1027 7
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Phén doan tiép
, Bé mijt t€ bao Mirc 49 tiép nhan | nhan [%]*

Hop chét [%ID/10° té bao] | [%ID/10° té bao]

PSMA-1007 2,7 6.5 71
PSMA-1011 4,1 0.7 15
PSMA-1012 6.9 2,7 28
PSMA-1015 14,3 6.0 30
PSMA-1018 1,1 0,9 45
PSMA-1019 5.5 1,9 26
PSMA-1020 6.8 1,5 18
PSMA-1022 3.5 1,0 22
PSMA-1023 6.5 3,2 33
PSMA-1024 5.3 2,1 28
PSMA-1025 43 3.1 42
PSMA-1026 1,3 1,3 50
PSMA-1027 0,9 1.4 60

*(Hoat tinh tiép nhan/hoat tinh tong)* 100

Vi du 20: MicroPET

Déi voi cac nghién ciru microPET, 10 — 25 MBq hop chét danh ddu phong xa &
thé tich 0,10 ml (60 pmol) dugc tiém cho chudt mang manh ghép ngoai lai u LNCaP qua
tinh mach dudi & bén. Chudt da gy mé (2% sevofluran, Abbott, Wiesbaden, Germany)
duoc dat & vi tri nim sp trong may quét PET danh cho dong vat nhé Inveon (Siemens,
Knoxville, Tenn, USA) dé thuc hién quét microPET dong luc. Két qua dugc thé hién trén
cac Fig. 10 va 11.
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Vi du 21: Gén két huyét tvong va do 6n dinh huyét twong

Dé x4c dinh su gin két huyét twong, thém 3 ul dung dich [*FJPSMA 6 pumol c.a.
va0 300 pl huyét thanh AB clia ngudi va i & nhiét do 37°C trong 1 gid. Sau d6, phan tich
hén hop san phdm bang sic ky loai trir kich thude.

Khong quan sat thdy gén két huyét twong véi hop chit bat ky.

Dé xé4c dinh d0 dn dinh huyét twong, 50 pl dung dich ['*F]PSMA 6 pmol c.a. dugc
thém vao 450 pl huyét thanh AB ctia ngudi va duge U ¢ nhiét do 37°C. Céc mau dugc
pha & thoi diém 1,2 va 4 gi. Do d6, 100 pul hdn hop chét dénh déu/huyét twong duge
thém vao 100 pl axetonitril. Sau d6, hdn hop dugce ly tdm & 13000 vong/phut (revolutions
per minute — rpm) trong 3 phat. 100 pl dich ndi dugc thém vao 100 pl axetonitril, ly tAm
& 13000 rpm trong 5 phut, chit 16ng tach tir chat rén con lai bét ky va duoc phan tich bang
HPLC.

T4t ca cac hop chét déu bén trong huyét trong clia ngudi & nhiét do 37°C trong it nhét 4

gio.

Vi du 22: Thi nghiém in vivo

Déi véi thi nghiém in vivo, chudt nhit BALB/c nu/nu 8 tun tudi duge ciy dudi
da 5 x 10° té bao LNCaP ho#c PC3 trong 50% Matrigel vao phén than bén phai. Khi kich
thude khéi u xép xi 1 cm?®, hop chit danh diu phong xa dugc tiém qua tinh mach dudi
(khoang 30 MBq, 60 pmol dé tao anh PPET; khoang 1 MBq, 60 pmol dé phan b6 co

quan).
Su phan bd co quan

Céc hop chit dugc dénh du F-18 duoc tiém qua tinh mach dudi (1-2 MBq mdi
con chudt nhét; 60 pmol). Tai thoi diém 1 gior sau khi tiém, cac con chudt bi giét. Céc co

quan trong co thé chudt dugc cit ra tirng manh, 1am kho méu, va can. Hoat tinh phong xa
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duoc xac dinh bang may dém gama (Packard Cobra II, GMI, Minnesota, USA) va dugc
tinh theo % ID/g. C4c két qua chinh dugc néu trén Fig. 8 va 9.

Céc hop chit PSMA 1003 va PSMA 1009 1a & so sanh va dugc thé hién trén Fig.
12 va 13.

Vi du 23: ['*F]JPSMA-1007 dé tmg dung cho ngudi

[18F]PSMA-1007 dugc tao ra bang cach lién hop [¥F]FN-TFP kho (Vi du 8) véi
PSMA1007-VL (Vi du 4) trong cac diéu kién kho (twong ty Vi du 9) trén modun téng
hop tu ddng hoa (Trasis AlllnOne) va tinh ché bang HPLC ban diéu ché. HPLC phéng xa
duoc thyuc hién dé xéc dinh sy gibng nhau vé& mit hoa hoc va do tinh khiét héa hoc va héa
phéng xa ctia ['8F]PSMA-1007. Cac dung mdi con lai dugc xéac dinh bang séc ky khi. Do
tinh khiét nuclit phéng xa dugc diéu chinh bang phép do chu ky ban thai. Dung dich san
phém dugc thtr nghiém vé su vo trung, ndi doc td vi khuén (thr nghiém LAL), d pH,
tinh khéng mau va hat. Tinh nguyén ven cua chét loc v trung sau khi loc dugc kiém tra

bang cach st dung thir nghiém diém ndi bot.

Vi du 24: Ung dung [*F]PSMA-1007 cho tinh nguyén vién khoe manh

Péi turong khoe manh duge tiém téng hoat tinh 1a 300 MBq va sau d6 tién hanh
quét PET trén may quét Biograph mCT Flow (Siemens, Erlangen, Germany) lam ba
nh6ém. Nhom 1 chira PET-1 (bt ddu 5 phit sau khi tiém) dén PET-7 (két thuc 140 phut
sau khi tiém), nhém 2 chira PET-8 (b4t dAu 180 phut sau khi tiém) va PET-9 (240-270
phut sau khi tiém), nhém 3 chita PET-10 (440-480 phut sau khi tiém). CT liéu thap khong
tang cuong (ude tinh 1,43 mSv, twong Umg) dé hiéu chinh giam dan duoc thuc hién khi
b4t ddu mdi nhém, sau d6 quét birc xa 1an luot ma khong 1am dich chuyén tinh nguyén

vién.
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Thén, gan, 14 1ach, toan bd tim, rudt gia trén va dudi, tuyén mang tai, tuyén duéi
ham dudi va bong dai dugc cit thanh doan theo thé tich mong mudn (volumes of interest
- VOI) st dung phéan trim ngudng td1 da gitra 20% va 30% st dung CT tuong (g lam
dinh huéng va sau d6 tinh toan dudng cong hoat tinh theo thoi gian (time activity curves
- TACs) dbi véi tat ca cac co quan. TAC clia tiy xuong d6 c6 ngudn gde tir cic mau mau
trong tinh mach va sau do dinh lidu d6i voi tiy xuwong dé (S. Shen et al., JNM 2002, 43,
1245-1253; G. Sgouros et al., JNM 1993, 34, 689-694.). TAC d6i voi bong dai 1a két hop
cua hoat tinh uéc tinh & VOI cta bong dai trong PET va hoat tinh duoc xéac dinh trong
nuée tiéu duge bai tiét ra. Viée diéu chinh dudng cong duge ap dung cho tat ca cac TAC.
Than, tuyén nudc bot, rudt gia trén va duéi va tim dugce diéu chinh theo phwong trinh tong
hai ham s mil. Péi véi gan, 14 lach va nudce tiéu thi tién hanh diéu chinh theo phuong

trinh mo6t ham s6 mil ¢ ba thoi diém cudi cung.

Tién hanh tinh toan liéu hip thu va lidu c6 hiéu qua bang cach st dung gb6i IDAC
1.0 duge ICRP chip nhan ma dugc két hop trong QDOSE. Ngoai ra, thoi gian luu cia tt
ca cdc co quan goc va phin co thé con lai dugc xuét ra & dang dit liéu OLINDA dé tinh
toan lidu lugng (OLINDA 1.1). Liéu hip thu vao tuyén nudc bot (tuyén mang tai va dudi
ham du6i) duoc x4c dinh bang cach st dung mAu ¢6 dang hinh ciu. Khéi lugng co quan
cta tuyén nuéc bot duge wdc tinh 12 25 g cho tuyén mang tai 12,5 g cho tuyén duéi ham

dusi (cong b ICRP 89). Cac két qua dugc tom tit trén céc Fig. 14 - 16.

Vi du 25: Ung dung ['*FJPSMA-1007 cho bénh nhan méc bénh ung thu tuyén tién liét

Mudi bénh nhén (d0 tudi 60 — 80 tudi) c6 nguy co cao méc bénh ung thu tuyén tién
liét méi duge chin doan cé thang diém Gleason 1a 7 — 9 va c4c mirc PSA ban dau 1a 5 —
90 ng/ml duoc tiém 100 — 360 MBq ['*F]-PSMA-1007 va sau d6 tién hanh quét PET trén
méy quét Biograph mCT Flow (Siemens, Erlangen, Germany) & 1 git' va 3 gi¢ sau khi

tiém. Cac két qua duoc mo ta trén cac Fig. 17 va 18 1an luot 1a céc gid tri trung binh clia
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SUVrung binh V& SUVi4i ¢a. Cac anh thu duge nho quét PET dugc minh hoa b%lng vi du trén
cac Fig. 19 va 20 & dang hinh anh t4i tao twong phan tdi da.

T4m bénh nhan d3 cit tuyén tién liét tin gdc bang tha thuat cit bo hach bach huyét
khung xwong chau mé rong. Tién hanh phan tich miu cit tuyén tién liét khong nhin thay
s6 liéu PET duéi su gidm sat ciia bac s§ chuyén khoa niéu, theo Tiéu chuin quéc té vé
bénh ly duong tiét niéu - International Society of Urological Pathology standards (T.H.
van der Kwast et al. Mod. Phathol. 2011, 24, 16-25). Cac phén cit dai dién dugc nhudm
mau béng md hoa hoc mién dich. Cac phﬁn nay dugc khi parafin hda trong xylen va duoc
hydrat hoa lai trong mdt loat etanol dugc phan loai. Viéc phuc hdi khang nguyén dugc
thuc hién bang ndi ndu thanh tring bang hoi st dung dém phuc hdi (Target Retrieval
Solution, Dako). Khéng thé don dong cua chudt nhét chéng lai PSMA (dong vo tinh 3E6,
Dako) dugc sir dung & ty 1€ pha lodng 1:100 va i qua dém & nhiét 4o 4°C va sau do6 tién
hanh phat hién mién dich st dung bdt kit phét hién Histostain-Plus (Invitrogen). Cac phan
cét da nhudm mau duge quét st dung hé thdng quét Nanozoomer 2.0-HT (Hamamatsu
Photonics) dé tao ra anh sd dwong ban. Viéc nhuém mau da boc 10 mdi trong quan gan

nhu hoan toan vGi phuong phap quét PET, nhu dugc minh hoa bang vi du trén Fig. 21.
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YEU CAU BAO HQ

1. Hop chét ¢6 cong thirc I:

Z
>_\1 :
H H
Fo HWCM? -‘é 2)— ~‘< 2)— {AS)m~"®F-Tag
HN H,C—X

Cong thie I

n

N J
Z g

Thanh phan lién két A Thanh phin lién k€t B

(G

1, ] 0,1

m 1-5

n 0-3
H, CH;

AS Axit amin ty nhién hoédc nhan tao,

Z: -COzH, -SO:H, -SOsH, -SO4H, -PO;H, -PO3H, -POsH>

X: Naphtyl, phenyl, biphenyl, indolyl (=2,3-benzopyrolyl),
benzothiazolyl, quinoyl

Y: Aryl alkylaryl, xyclopentyl, xyclohexyl, xycloheptyl, N-piperidyl va

mudi piperidyl dugc metyl hoa tai N

Tag):

The 1°F ('°F-

x=1-5 y—l -5
x=15 y=1-5 T
18F_CH2
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O
~ON LT
S I
H OH H H
r‘ys " / N
c |
N
0 X /N/
Carbohydrat
é:! —<\ - Carbohydrat
N
0 X NT
Véi:
x=1-5
carboydrat:
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HO
o] L%‘L
HO
HO
18F
18F
0] LQL
HO
HO OH

18F
o)
HO HO
HO OH 0 ‘%‘L
o)
HO OH
N
N// \ 18 OHOH

N C

N H, o

I X OH

H,C y

x=1-5 y=1-5

OH

= | - = | - 2 O
x=1-5 y=1-5 L
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0 18F
X
O 18F
x=1-10

X
x=1-10
% ["8F]CF3

%—CHZ—[18F]CF3

18F

-82-




38796

o-, m-, p-['®F]CF;

o-, m-, p-['®FICF;

..
=
/
\
/

O /
0
‘51" CF;
18F
0] R,

Ri: thanh phin lién két alkyl, aryl hodc arylalkyl bat ky

dic biét 1a metyl, 2-etyl, 3-propyl, 2-,3-,4-phenyl, 2-,3-,4-

phenylmetyl, 2-,3-,4-phenylpropyl

Ry: nhém alkyl hogc aryl bat ky

dic biét 1a metyl isopropyl, tert-butyl, phenyl hodc 1-naphtyl
R2

;_;_

R
Ri: thanh phan lién két alkyl, aryl hodc arylalkyl bat ky
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dic biét 1a metyl, 2-etyl, 3-propyl, 2-,3-,4-phenyl, 2-,3-,4-
phenylmetyl, 2-,3-,4-phenylpropyl

Ry: nhém alkyl hoic aryl bit ky

dac biét 1a metyl isopropyl, tert-butyl, phenyl hodc 1-naphtyl

Rz

A |
§—<—' N=——R,;—Si—"F
Y |

R2
Ry: thanh phin lién két alkyl, aryl hogc arylalkyl bat ky
dic biét 1a metyl, 2-etyl, 3-propyl, 2-,3-,4-phenyl, 2-,3-,4-
phenylmetyl, 2-,3-,4-phenylpropyl
Ro: nhém alkyl hodc aryl bt ky
ddc biét 1a metyl isopropyl, tert-butyl, phenyl hodc 1-naphtyl

x=1-5

Ri: thanh phén lién két alkyl, aryl hodc arylalkyl bat ky

dic biét 1a metyl, 2-etyl, 3-propyl, 2-,3-,4-phenyl, 2-,3-,4-
phenylmetyl, 2-,3-,4-phenylpropyl

R2: nhém alkyl hodc aryl bat ky

dic biét 1a metyl isopropyl, tert-butyl, phenyl hodc 1-naphtyl

fgrl“i

C R,

X
\ R1_S{i_1ap
o

|

N>=—
'\ N

x=1-5

R,: thanh phén lién két alkyl, aryl hogc arylalkyl bat ky
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dic biét 1a metyl, 2-etyl, 3-propyl, 2-,3-,4-phenyl, 2-,3-,4-

phenylmetyl, 2-,3-,4-phenylpropyl

Ry: nhém alkyl hoc aryl bat ky

dic biét 1a metyl isopropyl, tert-butyl, phenyl hodc 1-naphtyl
R2

Hgl\ —-T—
X N Ro
,L

=1-5
Rl: thanh phan lién két alkyl, aryl hogc arylalkyl bat ky
dic biét 1a metyl, 2-etyl, 3-propyl, 2-,3-,4-phenyl, 2-,3-,4-
phenylmetyl, 2-,3-,4-phenylpropyl
Ry: nhém alkyl hoic aryl bat ky
dic biét 1a metyl isopropyl, tert-butyl, phenyl hodc 1-naphtyl

x=1-5

Ri: thanh phan lién két alkyl, aryl hogc arylalkyl bt ky

dic biét 1a metyl, 2-etyl, 3-propyl, 2-,3-,4-phenyl, 2-,3-,4-
phenylmetyl, 2-,3-,4-phenylpropyl

Ry: nhém alkyl hodc aryl bat ky

dic biét 1a metyl isopropyl, tert-butyl, phenyl hodc 1-naphtyl
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2. Hop chét theo diém 1 c6 chu tric:

Thanh phin lién két A (ua béo)

Thanh phin lién k€t B (va nwdc) "’F-Tag

|

NH

OH

5
O
i)
Iz
e

trong d6 thanh phan lién két A dugc chon tir nhém (v6i R = (Glu)-(Ure)-(Lys) va R'=
(thanh phén lién két B)m-thé 5F; m = 1-5)

a

(2-Nal) (2-Nal)-(AcAP)
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NH NH
R R

(2-Nal)~(Bn) (2-Nal)-(Chx)

O
NH
R NH
R’

(& dang mudi duge dung bat ky)
(2-Nal)-(AcAMP)

va thanh phén lién két B c¢6 thé 1a 1-5 1an va dugc chon tir nhém bao gdm:
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@) OH
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(e} OH
(BLym)
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HO\H/IH \’j
0] 5 :j

(Asp)
o)
N
HO \f
0 '
(Glu)
o) OH
HO N
oY
o}
0 '
(Lym)
o) OH
o)
N
HO \;"
0 rd
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0 LY 0 OH
0 0
Ho oY kY o
0 OH 0 OH
(BTri) (yTri)

5
®)
$
o T
My, ZT
<
o
]
ZT
4

CO,H
OH
(Gla) (yGla)
0 0
§ N
X Y 0 I
CO.H CO,H
0 OH 0 ¥
(Glo) (yGlo)
0
%
‘”»/‘]\K\N/
H
SO,H
(Sala)
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3. Hop chét theo diém 1 hoic 2,‘duqc chon tir cac chét sau:

NH SO 1a

hoac

(o] OH 0,
o]
OH NH SH lb
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18F
N’// OH
HO. (o) (o}
\ o
o HN
HNS
/K o
HN (o) HN o
o) OH o OH
o
OH NH o)
N
H
Sé 2a

hoac
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S6 2b
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F N
= OH
\ 0]
Q
HN
O
HN o]
OH 0, OH
O ]
NH 0
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o)
OH
HN OH
HO HN——< o] B
0 0
y o /N
OH HN NH =
0 NH o
NH sé 3a
0
o
HO
hoidc
o)
OH
HN OH
HO HN—< 0
o 0 N
ls) O / \ 18F
OH HN C NH ——
o) NH o)
a S6 3b
(]
o}
HO
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Iz

NH

hodc

19

\_/

S6 4b
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NH HN 0 Ho o:mm<<
‘Pd;>w=o NH
0
= D o}

N'
SO 5a .
" N / CFaCOz\ OH
N o
hoac
HO
0 )
HO _
NH
° NH H ﬁ HN 0 HO omz:((
fo "
o
_ Q 0
N / CF,CO; OH
AN S6 5b e g
WF
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OH

18;.:

HO

NH

HO

HN

OH

lA

HN

Sd 6a

NH

OH

hoac
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HO.

18F

OH
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HO

OH

Iz

OH

NH

OH

hoic

NH

S6 7b
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OH

NH

NH

Sé 8a

hoidc

NH

NH

HO'

Sé 8b

OH
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OH

HO.

ZXT

NH

S8 9a

OH

OH

hoac

S6 9b

OH

NH

OH
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OH

/

8E

S 10a

(o} Q
)HA/“\OH
HN O
N \ ‘
'8F

S 10b

NH
OYU\
[+]
NH
= 101‘

HO
/HL

hoac
(o)
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HO. o 0 OH
o]
L n p
HN [¢] ”
0 OH QY@ i o g
o

u r
I So 11a
hoidc
HO 0 0 OH
0
HN 9 N l S
0 N F
HNAO ﬂ N 18
o OH o. 0 o
o
oH NH OH '
N .
So 11b
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HO

OH

Zx

O,

HN

Sé 12a

hoac

HO

OH

OH

NH

NH

OH

ZX

HN

‘HF
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HQ

HN

NH

HO o
NH
OH
S6 13a o

HO

OH

hodc

lBF

/N,

HO

HO

NH

OH

NH

S4 13b

HN

OH
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N Sé 14a

hoac

N S 14b
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OH 0
HN HN
HN 8] o
o o}
. o

~ N\ .

S 15a

HO,C NH HN

HO o}

HO

hodc
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HO

Hi NH . we
o OH / \N
' 0 —
o 0 HOLC. NH HN
/ °
. 0
So 16b
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OH o
HN HN
—
HN o o
o o
HO
HN
0
HOLC, NH 0 .
S6 17a
oM
HO OM
o NH

L

hoac
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o

HO HN: H

HO
(o]

0,
OH
o]
——{ (o} HN
NH o]
o]
OH
0 0
o 0 HO,C. NH
4 O
O o
S6 18a

hodc

7\

HO HN

[+]
OH
o)
O
HO HN-—{
HO, NH
0)
) OH
0 o]
0o o HOLC, NH
e
e

S 18b

4. Hop chét theo diém 1, trong d6 axit amin khong tw nhién c6 cong thic:
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|
g.LAmng . A

Ox

va R'=H, COH, CH,CO,H, C:H4CO,H, CH(CO2H),, CH(CH2CO2H)2,
CH(CO,H)(CHCO2H), CH2CH(CO2H)., SOsH;
o=1-3; R=H, CHs.

5. Dugc phdm chira hop chét theo diém bét ky trong sb cac diém tir 1 dén 4, hoic tién

dugc chat duge dung, mudi, hodc este cia no, va chat mang dugc dung.

6. Ché phim d& chin do4n bénh chita hop chét theo diém bt ky trong s cac diém tir 1

dén 4, hodc tién dugc chat dugce dung, mudi, hodc este cua no.
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Dénh dau '®F dai phén tir

Giai doan 1 Giai doan 2
didu ché chét phan tng gia lién hop véi dai phan tir
dai phin t& dai phin 6
Z, /
/ Z,
_.._.____> x Y A s
[18F]F‘ . | cChitgia | Chat gia
—_— // //
18,? 18F
Lién két codng hoa tri
Dung méi hitu co Mbi trudng dém Amit
Nhiét d6 cao Tir nhiét d6 phong dén nhiét Oxim
Axit/bazo d¢ vira phai Thioure
Pidu kién khir/oxy héa.. 1,2,3-triazol

Xem tai liéu: B. Kiinast, F. Dollé; Current Radiopharm. 3,174 (2010)

Fig. 1
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8F_flo héa qua cac nhom gia:
18F_floalkyl héa, '8F-floaxyl hoa va ¥F-floamit hoa

["*F]Florua

Y Y R-Z-H Z-R
n n n

X 18': 18F
/‘»\n/OR ['*F]Florua /H(OR R-Z-H JY Z-R
._..____.—._—-—’.
o) o [e]

0

18 H
N, L TIFlorua NH, R/LkOR N OR
x/\é%/ S "’F/\é%/ “’F/\é%/ T
n n n
0

X, Y=Br,|,0Ts; Z=N,0,S; R=Alkyl, Aryl

Coenen, H. H. In PET Chemistry, The Driving Force in Molecular Imaging,
Schubiger, P. A., Lehmann, L., Friebe, M., Eds.; Springer: Berlin, 2007, pp 15-50.

Fig. 2
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['8F]floalkyn d6i v6i “phan ting Click” thanh triazol

Nao
‘8F—~<}22)——5é22; RN 18?—-{}22>w—<<;§::::T
n n N\
R

Marik and Sutcliffe Tetrahedron Lett., 20006, 47, 6681,

['F]flobenzaldehyt dé tao thanh oxim

R
CHO CHO T/
H P N
18-
F RONH,
TEO
N 18
PN
18F
Poethko et al. J. Nucl. Med. , 2004, 45, 892,
R
CHO CHO Cl)/
Ho N
18-
F RONH,
/Si\ /Si\
R’ | l R
19F 18;:
(Cl) 18¢

Schirrmacher et al. Angew. Chem. Int. Ed., 2006, 45, 6047.

Fig. 3
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18F_flo héa qua cdc nhom gia:
18F_floalkyl hoa, '*F-floaxyl hoa va '8F-floamit hoa

. /\é/):Na u /\(")n/ N /(\/O\%;Ng e /(\/o\/)n// Ns

1BF

{18F]FalkylNy ('®F]FalkyicC ['8FIFPEGN, [**FIFPEGCC ['®F]FBMeN,
o 0
4 \\s//\ ’“F\/\\/O 18F o
N TN
18 18,
F F N3 %
['8FIFMBCC ['8F]FBSO,NMeCC ['8FIFPrOBN, ['8FIFPrOBCC
['8FIFPYKYNE (n=1) ['éFFBenzAmMeCC PEG{'8FIFRYZIDE PEG-['8FIFPYyZYN

['"®FFPySyne (n=2)

o OAc

Q

(e}
/\ ACO™ s 5 AcQ” S S AcO Ny
AcO AcQ AcO
18 18
\/\N3
[*®F]FBenzAcMeCC Acy[®FIFGlcMeCC Ac,-['8FIFGICEN, Acg{"8F]FGIcN,

T. L. Ross, Current Radiopharmaceuticals, 2010, 3, 202-223.

Fig. 4
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Mtrc héa hoc lugng phap cta hoat tinh mol trong
cAu tao n.c.a. cia ['*FJaryltrifloboronat

Téng hop azido-rhodamin-['®F]trifloboronat theo hai budc

OO e
' ' FulF

R T
— e N
F F y wc, 15 phit I shit 43 trong phing
N dirng phan img
F o} ”
F o] ”
Hoat tinh mol [Ci/umol]
n.c.a. 6,5 15+0.,5
2,7 7,7+£0,3

c.a.

Z. Lin et al., Angew. Chem. 125, 2359 - 2362 (2013)

Thir nghiém cam bién florua huynh quang tu chét

-
N Ion °F-florua con lai OiN;Q/

trong hoat tinh '8F NCA

S.Y.Kim and J. I. Hong, 9, 3109-3112 (2007) .

Fig. 5
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Phtrc ciia nhom [¥F]florua

on \

o) [8F]Florua

H\/@Aﬁ

McBride et al., Appl. Radiat. Isot. 2012, 70, 200.
B6 kit-ché phdm c6 thé c6: McRride et at., Bioconjugate Chem. 2012, 23, 538.

Fig. 6
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Panh d4u BF cho RGD peptit theo mét budc

HOOC » £
NH HN L [e] Q o o] // H
o L\/\ J\f/\) NH S u/‘k oo O ™
M H N ﬁ HN. 0 el HN/ N]H _H\N P o [+ [o]
j/“‘ Ao ' J\(\)k N JS
° N\L)ZN T | N0 X o N
o éij>k‘ \,  Soon Lm/ﬁ o \/«\/A:XL -
HN NO, = o o NH HN’<=
St “or, { \\& CooH
HN " - 3 <;>‘
NH
o H,N>=
6§ Al

O. Jakobson et al., Bioconjugate Chem., 2011, 22, 422-428.

Fig. 7
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1 gio sau khi
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Fig. 9
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Fig. 10
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HN\(O o HN._O

Fig. 12

N 15F

HO

PSMA-1009 hoic [*F]DCFPyL

( Y. Chenetal, Clin. Cancer
Res. 2011, 17, 7645-7653)

Fig. 13
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L [ ) ‘
R ) i (1) o
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]

90-110 phut 120-140 phut * 180-210 phut 240-270 phut 440-480 phut

Fig. 14
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SUVii 4a trong 1 gity va 3 gid sau khi tieém
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T 18 SUVii 4a 50 v6i s6 lidu co ban trong 1 gitr va 3 gi¥’ sau khi tiém

T§ 1& SUVisi aa 50 i 56 lidu co ban

Fig. 18
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1 gid sau 3 gid sau
khi tiém khi tiém

Fig. 19
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1 gio sau 3 gio sau
khi tiém khi tiém

Fig. 20
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Fig. 21
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