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Objective: Bevacizumab, a humanized monoclonal antibody against
VEGF was lyophilized and labeled with radioisotope *Tc using in tumor
radioimmunoscintigraphy. The purpose of the study is to develop a formulation
and process for lyophilization of bevacizumab.

Methods: Bevacizumab was studied on the lyophilization at the difference
of buffers, pH, temperature and time. The antibody lyophilized compound
was tested on the stable with time, radiolabeled with *“™Tc radioisotope,
radiochemical purity examination and stability of radioimmunoconjugates.

Results: The results of the study showed that bevacizumab was
lyophilized to form a white porous dry form under optimal conditions, as a
phosphate buffer 0.5 M, pH 7.4 at - 40°C and a time of 24 hours. The lyophilized
bevacizumab was stable after 6 months of follow-up. Radiochemical purity of
#mTe-bevacizumab has been reached more than 98% and passed the test for
sterility, bacterial endotoxin.

Conclusion: Bevacizumab was prepared in a lyophilized formulation,
can be used for radiolabeling with *™Tc, which met radiopharmaceutical
criteria, and could be used in preclinical evaluations.

Keywords: Monoclonal antibody bevacizumab, radioisotope *"T,
lyophilization radioimmunoscintigraphy.
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I. DAT VAN DE

Khang thé don dong bevacizumab la khang thé
nhan hod, khang cac yéu té tang truéng ndi mé mach
mau VEGF (vascular endothelial growth factor) v&i ai lyc
cao. Bevacizumab da dwoc FDA cap phép str dung trong
diéu tri cac khdi ung thw cé tang sinh mach mau nhw
ung thw than, ung thw cb t&r cung, ung thw budng tring,
ung thuw dai trang [1]. Bevacizumab c¢é tac dung Grc ché
sw phat trién khéi u, e ché sy két hop clia VEGF voi
céc thu thé Flt-1 va KDR, ngan chan qua trinh ting sinh
té bao ndi mo va e ché sy di can cla khdi u [2]. Ngoai
tac dung ho tro diéu tri ung thw, bevacizumab con dwoc
nghién cru (’ng dung trong chup hinh ch&n doan cac khéi
ung thw va tang sinh mach trong cac bénh thanh mach
mau, nh& gan véi ddng vi phéng xa ®"Tc (nang luvong
gamma 140 keV va th&i gian ban ra 6,01 gi©), thich hop
dung trong xa hinh nhdm dich cé hiéu quéa trong chup
hinh mién dich phdng xa radioimmunoscintigraphy va
chup hinh khu vic tang sinh mach [3, 4]. Trong bao cao
nay, chung t6i nghién ctru, phat trién cong thirc va quy
trinh déng kho thuéc bevacizumab, tao san phdm dé st
dung, c6 thé danh diu véi déng vi phéng xa *mTc, thuan
tién cho viéc st dung **"Tc-bevacizumab, dap rng nhu
cau st dung trong xa hinh chan doan cac khéi ung thw.

Il. POI TUONG, PHUONG PHAP NGHIEN CU'U

Nguyén liéu, héa chat: Bevacizumab 100 mg/4 ml,
hang Roche. Béng vi phéng xa *mTc 20-50 mCi/ml, dang
Na®"TcO*, chiét tr may phat *Mo/*"Tc, hang Polatom.
Cac hoa chét SnCl,.2H,0, NaH,PO,.2H,0, Na,HPO,.
H,O, sodium acetate, gidy séc ky ban méng silicagel
60 F254, hang Merck. Chai thuy tinh 10 ml Fiolax, hang
SCHOTT va nut cao su déng khd, hang WEST, My.
May PTS 100, hang Charles River Laboratory, My. May
phéng xa tw chup Cyclone hang PerkinElmer, may do
hoat d6 phong xa CR-127, Capintec, My, may déng khé
iIShinBioBase, Han Quéc.

Phwong phap diéu ché bevacizumab déng kho:

Khado sét quy trinh diéu ché bevacizumab déng
kho: Dya trén cac diéu kién téi wu nhuw trong nghién ctru
trwdc [5]. Cu thé 1a, lwgng thang thé bevacizumab 2,0

mg, dwoc danh dau véi 20 mCi T trong méi trwéong
dém phosphat 0,5 M, pH 7,4 va clorua thiéc 0,4 mg.
Quy trinh diéu ché bevacizumab déng khé dwoc khao
sat bang cach ¢ dinh ham lwong khang thé 1a 2,0 mg,
clorua thiéc 0,4 mg, thay déi dém phosphat 0,5 M, pH
7,4, hoac acetat 0,5 M, hoac NaCl 0,9 %; pH 4, 5, 6, 7
va 8; thoi gian dong kho 8, 16, 24, 32, 48 gi¢ (trong dém
phosphat) va theo doi bdo quan tir 1, 2, 3 va 6 thang.
So sanh chét lwgng dang dung dich va dang khd bang
cach danh dau véi ®mTc theo ty 1& 10mCi/mg. Dé tinh
hiéu suat danh d4u theo cac diéu kién khao sat, méi phirc
hop ®"Tc-bevacizumab dwoc phan tich bang séc ky Iop
méng, dung méi aceton, chup bang séc ky badng may
phéng xa tw chup, tinh hiéu suat danh dau bang phan
mém OptiQuant 5.0.

Quy trinh diéu ché ché phdm déngkhé bevacizumab:
Pé diéu ché bevacizumab déng kho, 30 chai, 2,0 mg
khang thé méi chai, cho vao chai pha ché 1an lwot 2,0 mL
phosphat 0,5 M, pH 7,4, bevacizumab 60,0 mg (2,4 mL),
SnCl,.2H,0 1,2 mg/0,12 ml, tron nhe dung dich, thém
nwéc cat dé tdng thé tich 1a 30,0 mL, pH cudi 1a 7,4.
Loc dung dich qua phin loc v6 trung 0,2 mm, chia 1,0 mi
mdi chai. Péng khd trén may may ilShinBioBase, nhiét
d6 lanh dadm bao -40°C, ap suat may dat 5,0 mTorr, thoi
gian dong kho 24 gi¢, déng nut chai khang thé dong kho
trong chan khéng. Cu thé la & giai doan tién déng bang,
nhiét d6 cip dong bang trong budng lanh dat -50°C dén
-67°C. O giai doan thdng hoa, ap suét trong may duoc
gidm xubng 5,0 mTorr va duy tri 24 gi& va giai doan say
th cAp khong gia nhiét.

Phwong phap kiém tra chat lwong:

D6 tinh khiét héa phéng xa: Hoan nguyén chai
bevacizumab khéng khé véi 1,0 ml nuwéc cét pha tiém,
danh dau khang thé véi ®mTe, 10 mCi/mg khang thé, thoi
gian G la 15 phat, nhiét d6 phong, phan tich bang sac
ky 1&p méng. Chdm 5 ml “"Tc-bevacizumab 1&n bang
sac ky, trién khai trong dung méi aceton, thdi gian 15-20
phut. Bang sac ky dwoc chup trén may phong xa tw chup
Cyclone, d6 tinh khiét hoa phéng xa dwoc tinh bang phan
mém OptiQuant 5.0.
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Ther vé khudn va ndi doc tb vi khuédn: Thir theo
phu luc 2.6.1 va 2.6.14 Dwoc dién chau Au (Ph. Eur.
Monograph 2031) [6]. CAy ché pham vao méi trudng
thioglicolat U & nhiét a6 30 — 35°C, méi trwong soya -
bean casein digest U & nhiét d¢ 20 — 25°C, quan sat 14
ngay lién tuc; Thtr ndi doc td vi khudn bang phwong phap
LAL, do trén may PTS-100.

X ly sb liéu: Cac sb liéu dwoc phan tich dung
phan mém Prism 8 va tinh dd tinh khiét hoéa phoéng xa

béng phdn mém OptiQuant 5.0. Sy khac biét cé y nghia
théng ké khi p < 0,05.

ll. KET QUA

Két qua diéu ché bevacizumab déng kho: Két qua
danh d&u ché pham véi ddng vi phéng xa “"Tc ca hai
dang, bevacizumab dang dung dich trwéc khi déng khé
s0 v&i ché phdm bevacizumab sau khi déng khé (13 mau
khac nhau, n=10) dwoc trinh bay trong Hinh 1.
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Hinh 1. Hiéu suét danh dau véi *™Tc cua bevacizumab trwéc va sau khi dong kho

Db thi cho thay khong cé sy khac biét dang ké vé
hiéu suat danh du trudc va sau khi dong kho (P > 0,05,
one way Anova). Hiéu suat danh dau bevacizumab déng
khoé trong cac dém phosphat, NaCl 0,9 % va acetat 0,5
M Ian Iwot 1a 99,65 + 0,07 %, 99,65 + 0,21 % va 99,60
1 0,28 %. So v&i dang dung dich chwa déng khd, hiéu
suét danh dau déu > 99 %. Riéng tai pH 4 (P < 0,05) so
v&i nhédm ché pham trong phosphat, hiéu suat danh dau
trwdc va sau khi déng khod déu dat hon 99 %. Tai pH 8

hiéu suat danh dau trwdc va sau khi déng kho > 94 %.
Trwéce va sau dong khd voi thdi gian 8, 16, 24, 32 va 48
gi®, két qua khong co s khac biét, hiéu suat danh dau
vGi %mTe déu dat hon 99 %.

Két qua kiém tra d6 6n dinh ctia bevacizunab déng
khé theo thdi gian: Ché phdm bevacizumab déng kho
dwoc theo déi dd 6n dinh dén 6 thang, bang sb liéu va
két qua dwoc biéu dién trén dd thj (Hinh 2).
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Thoi gian (thang) —+ 480
Dém Sau dong kho | 1 thang 2 thang 3 thang 6 thang
Phosphat 99.65 = 0,07 99.25+021 | 98.75+0,78 | 98,45+0.64 | 98,41 =0,55
Acetat 9965 +0.21 98,80+ 085 | 97.67+0,62 | 91,90+0,99 | 90,07+ 1,18
NaCl 0.9% | 99.60 £0.28 99,15£0,07 | 98.80+0.14 | 98.70+0.14 | 98.45+0,07
pH 4 99.37 £0.,13 99,28 0,09 | 98.75+0.,21 | 97.20+0.42 | 96,28 = 0,79
pHS 9945 £ 049 99,15+ 0,07 | 98.80+0,14 | 98,20+0,14 | 98,05+ 0,78
pH 6 99.65 =021 99,45+028 | 9936 0,09 | 99,27+0.14 | 98,71 0,56
pH7 99.75 £0.21 99,58+ 0,06 | 9946 =007 | 99.35+0,06 | 9924+ 0,17
pH 8 94,70 + 0,56 94,00+ 0,84 | 91,80 +£0,99 | 88.80+0,49 | 87,90+ 0,56
8 giv 99,55 £ 0,07 99,30+0,14 | 98,70 =0,28 | 98,45+0.07 | 98,20+ 0,85
16 gio 9955 £0.35 99,20+ 0,07 | 98,55+0,21 | 98,34+0,26 | 9824+ 0,15
24 gid 9925 +0,.21 99,15+ 021 | 99,13 +0,15 | 99,05+0,49 | 99,05+ 0,35
32 gio 99,30 £0.28 99.25+0,07 | 98,60 +042 | 98,40+0.14 | 97,50 =042
48 gid 9940 +£0.14 99,10+ 0,14 | 98,.20+0,14 | 98,15+0,07 | 96,75+ 0,78

Hinh 2. Theo d6i dd 6n dinh cta bevacizumab theo th&i gian

Két qua cho thay ché pham bevacizumab déng kho
sau 6 thang bao quan trong dém phosphat va trong NaCl
0,9 % c6 hiéu suét danh diu khi gan véi ©mTc la 98,41 +
0,55 % va 98,45 + 0,07 %. Trong dém acetat, ché pham
bevacizumab déng khé cé hiéu suat danh dau 90,07 +
1,18 % sau 6 thang bao quan. Bevacizumab danh du
véi ®mTc dat hiéu suét cao hon 98 % trong mién pH trung
tinh, nhwng gidm tai pH 4 hodc pH 8 1an luot 1a 96,28
+ 0,79 % va 87,90 + 0,56 %, cho thdy co sw giam kha
nang 6n dinh ca khang thé, cé thé do chlorua thiéc khi
smTc7+ vé 99mTe4, V& thoyi gian dong kho, tir 8 dén 48 gio,
ché pham khé véi hiéu suat danh diu sau 6 thang dat
hon 95 %. Thoi gian déng kho 8-16 giéy c6 thé tét, nhung
bao quan lau dai cé thé cé sw gidm hiéu suét danh déu.

Thoi gian déng kho lau hon 32-48 gid c6 thé lam hao hut
khéi lwong va co thé anh hudng hoat tinh khang thé, du
hiéu suat danh d4u cao, nén khéng dwoc chon. Do vay
chon thoi gian déng kho tbi wu cla bevacizumab 1a 24
gi&. Két qua nghién ctru cac didu kién t6i wu dé diéu ché
khang thé don dong bevacizumab la chon ché dé dong
kho bevacizumab trong dém phosphat 0,5 M, pH 7,4, th&i
gian 24 gi®, nhiét do cb dinh téi thiéu la -40°C trén thiét
bi iIShinBioBase, thuwc té dat dwoc lanh sau hon, ap suét
may 5 mTorr, nhiét d6 buE“)ng lanh -69°C.

Két qua kiém tra do tinh khiét hoa phéng xa: Do
tinh khiét hoa phong xa clia *"Te-bevacizumab déng kho
dat hon 98 % (Hinh 3).
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Hinh 3. a) Do tinh khiét hoa phéng xa ctia bevacizumab déng khé, sau khi hoan nguyén va danh dau véi

9mTc, pH 7,4, TLC *mTc-bevacizumab, 10 x 100 mm, dung maoi aceton, chup trén may phéng xa tw chup. b, c)

bevacizumab déng kho.

Do thi hinh 3a cho thdy phirc *mTc-bevacizumab
lwu & vi tri gbc cta bang séc ky, R, = 0,1 - 0,25, *"Tc
tw do di chuyén toi tuyén trén, R = 0,9 -1,0. Ché pham
bevacizumab déng kho dat thir v khuén va ndi doc té vi
khuan do dwoc 2,0 EU/mI (<175/V USP). Tém lai, qua
trinh déng kho khang thé don dong bevacizumab dé danh
d4u v6&i ddng vi phéng xa ®"Te dwoc thue hién trong moi
trwdng dém phosphat 0,5 M, pH 7,4, trong d6 ham lwgng
khang thé méi chai 14 2,0 mg, 0,4 mg thiéc clorua va déng
khé trong 24 gid & diéu kién nhiét do lanh sau -40°C, ap
suéat 5 mTorr. Sau khi hoan nguyén, ché phdm duoc danh
d4u vé&i 40 - 60 mCi ®Tc, thoi gian danh dau 1a 15 phut
& nhiét d6 phong. Ché pham dat chi tiéu chéat lwong cla
dwoc chat phéng xa dung trong cac nghién ctru tiép theo.

IV. BAN LUAN

Qué trinh diéu ché ché phdm bevacizumab déng
khé dung dé& danh diu véi ddng vi phéng xa ®mTc da
dwoc thwe hién va thu dwoc hiéu suat danh dau dat hon
95 %. Két qua cho thay c6 sy gidng nhau khi so sanh véi
céac khang thé dong kho nhw cac nghién ciru da cong bb,
vi du khang thé sulesomab déng kho danh dau véi ddng
vi phong xa *"Tc [7]. Baudhuin va cong sy da dong kho
khang thé don dong khang HER2 1am tién chét dé danh
d&u v&i BGa [8]. Cac ta dwoc trong ché pham déng khd
ké ca clorua thiéc, clorua natri, phosphat dwoc chon dwa

trén nhidu nghién ciru trwdc day, do 1a cac thudc phéng
xa danh dau véi ®mTc da thwong mai va da st dung an
toan trén Iam sang [4]. Ngoai ra, k§ thuat danh d4u khang
thé déng khd véi cac ddng vi phéng xa nhw *mTce, "in
da phat trién tir 1au va da st dung trong chup hinh chan
doan lam sang, nhu *®"Tc-sulesomab chan doan viém va
nhiém trung, *mTc-arcitumomab chup hinh ung thu dai
trwe trang, "'In-capromab pendetide chin doan ung thw
tuyén tién liét [4, 7].

Hiéu suat danh déu cla bevacizumab déng kho
ludn dat hon 95 %, cho thdy déng khé thuan lgi trong
qué trinh bdo quan, tang tinh én dinh va st dung lau
dai [7, 8]. Ngoai ra, cac tiéu chi chat lwgng ddi véi san
phadm déng khd nhw dd vo khuén, ndi doc td vi khuan
dat yéu ciu nhu trong dwoc dién déi véi khang thé déng
kho [6]. Nghién clru cla Taniwaki va cong sy da dung
bevacizumab déng kho dé diéu tri cac tang sinh mach &
giac mac va da chirng minh réng viéc déng khé khong
lam mét hoat tinh khang thé [9]. V& ham lwong khang thé
2,0 mg trong mét chai khang thé déng khé dwoc chon
dé c6 thé dung cho 2 - 3 liéu tiém, hoat dd phéng xa la
40 - 60 mCi ®*mTc. So sanh véi lidu tiém cla khang thé
sulesomab, danh déu 0,31 mg véi 1110 MBq (29,7 mCi)
9mTc, déu tao ra san pham co do tinh khiét hoa phéng xa
> 95 % va san sang st dung [7].
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nghién ctu didu ché dung dé sdn sang danh dau véi
ddng vi phong xa ®"Tc dat hiéu suét cao. Ché phadm déng
kho dat céc chi tiéu vé do tinh khiét hoa phong xa, d 6n
dinh dat vo6 khuan va noi doc té vi khuan theo yéu ciu

V. KET LUAN cta hop chét danh diu dung trong chup hinh chan doan
Khéng thé don dong bevacizumab dong khd duoc cac khoi ung thw. Dé co thé siv dung bevaciz‘umab trén
lam sang, can cé nhirng nghién ctru sau hon ve cac danh
gia tién 1am sang nhu xac dinh hoat tinh mi&n dich, phan
b trén déng vat, danh gia liéu lwong ciing nhw hiéu qua
chup hinh phéng xa mién dich.
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TOM TAT

Muc tiéu: Bevacizumab, khang thé don dong nhan hoa khang VEGF, dugc nghién ciru dong khé va danh déu vai ©mTe dé tao
thanh *™Tc-bevacizumab dung trong chup hinh khéi ung thu. Muc dich ctia nghién ciru 1a phat trién cong thirc va quy trinh dong

khé thudc bevacizumab.

Phwong phap: Bevacizumab duoc khao sat dong kho theo ham lwong cac chit, pH, nhiét do va thoi gian. Hop chit dong kho
dugc kiém tra tinh 6n dinh, danh d4u voi dong vi phong xa *™Tc, kiém tra d¢ tinh khiét hoa phong xa va do bén.

Két qua: Két qua nghién ciru cho thy, bevacizumab dugc dong kho tao thanh dang kho xdp, mau tring, & cac didu kién tdi
uu nhu dém phosphat 0,5 M, pH 7,4 ¢ nhiét d9 -40°C va thoi gian 24 gio. Bevacizumab dong kho én dinh sau 6 thang theo doi. Do
tinh khiét hoa phong xa cta *™Tc-bevacizumab dat hon 98 %, dat vo khudn va néi doc t6 vi khuén.

Két luan: Bevacizumab da duwoc diéu ché dang dong khé, cé thé ding dé danh dau véi ™ Te, dat cac chi tiéu vé thude phong

xa va c6 thé dung trong cac nghién ctru tién 1am sang.

Tir khod: Khang thé don dong bevacizumab, lyophilization, dong vi phéng xa Te-99m, chup hinh mién dich phong xa.
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