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Abstract: Fixed-dose combination (FDC) medicinal products are combinations of two or more
active ingredients in a fixed ratio of doses in a single dosage form (tablets, capsules, etc.). Clinical
studies have shown that FDC products have several therapeutic advantages, such as improved
adherence, reduced risk of side effects and lower overall costs. FDC products are often preferred to
using multiple single-substance dosage forms or packaging multiple dosage forms for prescription,
due to decreased pill-burden and better patient adherence to dosing instructions and compliance.
FDC products also bring financial benefits from reduced production costs and convenience in
distribution and usage. However, the development and application of FDC medicinal products face
many challenges. When combining multiple substances in a dosage form, each with different
physicochemical and biopharmaceutical properties, advanced technologies are needed to ensure the
required release and absorption of drugs. The interactions between ingredients also pose a significant
challenge in formulation design and processing. Analytical methods used in evaluation and testing
of FDC drugs are also more complex than for single-substance dosage forms. Despite these
challenges, FDC medicinal products provide great benefits in clinical practice, and have seen
continual development in recent years. This review highlights modern technologies applied to the
development and manufacturing of FDC medicinal products, including coating technology,
multilayer tableting, controlled drug-release systems, hot-melt extrusion, 3D-printing technology. It
also presents examples of technological applications in the development of FDC products for
treatment of certain diseases, such as diabetes, cardiovascular diseases, and viral infections.

Keywords: Fixed-dose combination, polypill capsules, multilayer tablets; gastric retention of oral
dosage forms; hot-melt extrusion; three-dimensional (3D) printing.
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Tém tit: Thude phdi hop lidu ¢b dinh (FDC) 1a dang thudc chira hai hodc nhidu dugc chét véi ty 18
lidu ¢b dinh trong mdt dang bao ché (vién nén, vién nang,...). Cac nghién ctru 1am sang cho thay
thude ph01 hop lidu ¢b dinh c6 lgi thé vé mit diéu tri nhu: sir dung tién loi, giam tac dung khong
mong muon va giam chi phi. Cac thudc FDC gitp giam tinh trang nham 1an cach dung hoic bo quén
thudc, vi vély ching duoc wa chudng hon so véi viée dung nhiéu dang bao ché don 1¢ hodc dong goi
chung nhiéu san pham thudc dé chi dinh diéu tri. FDC ciing mang lai loi ich kinh té do giam chi phi
san xuat, tién loi trong phan phdi va sir dung. Tuy nhién viéc phat trién va tmg dung mot san pham
FDC ciing c6 rt nhiéu thach thirc. Khi phdi hop nhiéu duoc chat (DC) trong mot dang bao ché, mdi
DC c6 dac tinh hoa 1y va sinh dugc hoc khac nhau, do dé can ap dung nhiéu cong ngh¢ dac biét dé
dam bao giai phong va hap thu dugc chat theo yéu cau. Bién phép tranh twong tac giita cac DC ciing
1a thach thirc 16n trong thiét ké cong thirc va qui trinh san xuat. Cac phuorng phép phén tich ap dung
dé danh gia va klém ‘nghiém ciing doi hoi phirc tap hon nhiéu so véi cac dang bao ché don thanh
phan. Mic du rat nhiéu thach thic, cac loi ich thuéc FDC mang lai trong 1am sang 1a khong the phu
nhan. Do do, nghién ctru va san xut thubc FDC phat trién khong ngimng trong thoi gian gan day.
Bai tong quan tap trung chu yéu vao cic cong ngh¢ hién dai ap dung phat trién va san xuat thude
FDC nhu: cong nghé bao, cong nghé dap vién nhidu 16p, cong nghé kiém soat thude giai phong
nhanh va kéo dai, cong ngh¢ dun noéng chay, cong ngh¢ in 3D. Nghién ciru nay cling dua ra cac vi
du dién hinh vé ing dung céng nghé trong phat trién thudc FDC trong diéu tri cic bénh nhu dai thao
duong, bénh tim mach va nhiém virus.

Tir khéa: Thude phdi hop lidu ¢d dinh, vién nang chira nhidu dang bao ché, vién nén nhiéu 16p, vién
luu 14u tai da day, dun noéng chay, vién in 3D.

1. Giéi thi¢u cai tién cac thude hién c6 nham ting cudng tinh
an toan va hiéu qua. Huéng nay ciing nhim muc

Trong vai thap ky qua, nganh duoc pham da dich ting kha nang tiép cén cta bénh nhan véi

va dang nghién ctru khai thic cac tiém nang dé cac liéu phap diéu tri hién dai va tao didu kién
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thuén lgi cho bénh nhan tuan thu hudéng dan sir
dung thudc. Piac biét, cac Ung dung trong phat
trién thudc méi (dang bao che duong dung), cac
cong nghé bao ché tién tlen va hiéu qua hon vé
chi phi dang dugc phat trién. Thude phdi hop licu
¢b dinh (FDC) 1a sy két hop giita hai hay nhiéu
dugc chit theo ty 1¢ lidu ¢ dinh trong cing mot
dang bao ché (vién nén, vién nang,...) va da
duoc chung minh la an toan, hi¢u qua [1, 2]. Tam
quan trong cta cac san pham thudc két hop hai
hodc nhiéu hoat chit dang ngay cang ting. Cac
san phdm nay nhim muc dich ting sinh kha
dung, giam tac dung khong mong mudn, tao diéu
kién cho su hgp tac gitra bénh nhan va bac si, va
tang hiéu qua ciia thuéc. Mot s nghién ctru cho
thay viéc sir dung cac san pham FDC c6 thé hiéu
qua hon so véi viée str dung tirng hoat chét riéng
1¢ trong cac san pham thudc. Mic du nhiing cai
tién nay co6 vé nhu chi 1a mot su diéu chinh don
gian ddi voi cac loai thude hién co, nhung viéc
phat trién nhitng FDC nhu vy trong khi van giit
nguyén dic tinh ctia thude can c6 dau tu déang ké.

Trong md hinh bénh tat toan cau, cac bénh
man tinh ngay cang gia tang nhu tim mach, tiéu
duong, ho hip véi nhidu bién chung kém theo
doi hoi phai phbi hop nhiéu loai thude dé diéu trj
céc bénh 1y di kém. Nhiéu phac do diéu tri phai
dung nhiéu loai thudc ngay tir khéi ddu bénh nhu
lao, sdt rét, HIV. Liéu phéap da tri liéu thuong
thong qua sir dung nhidu dang bao ché riéng 1¢
dung cuing lac hoic lién tiép trong ngay tao ganh
ning cho ngudi bénh, dé quén lidu hodc bod
thudc. Cac thudc FDC dem lai kha nang don gian
hod viéc quan ly tri li€u, mang lai nhiéu loi ich
cho ngudi dung thudc [48]. Ngoai ra, nhiéu FDC
dugc phat trién (de novo) con dap tmg yéu cau
diéu tri m&i nhu thay d6i duong ding, cach ding,
lidu dung.

Céc dang bao ché va cong nghé 4p dung dé
bao ché thuéc FDC chira 2 hodc nhiéu dugc chat
dugc pht trién trong thoi gian gan ddy da mang
lai thanh cong trong san xuit nhur:

- Vién nang cimg/mém chira dong thoi 2
hodc nhiéu dang: pellet, vién mini, vién nang,
dung dich, hon dich,...

- Vién nén 2 hodc nhiéu 16p.

- Céc h¢ luu lau tai da day: vién ndi, hé can
béng thuy dong hoc, hé¢ két mang, hé gian nd,...

Céc cong nghé tao hat dun néng chay, dun
ddng thoi, vién in 3D.

2. Uu, nhuge diém ciia thude FDC
2.1. Uu diém

- Tang su tudn thi dung thudc:

Su tuan thu bao gém viéc sir dung thude ké
don ding theo liéu lugng va tan suét cling nhu
thay d6i 16i song theo thoi gian. Viéc diéu tri
thanh cong cac tinh trang bénh man tinh doi khi
bi can trd bdi viéc bénh nhan khﬁng tuan thu liéu
phap da tri liéu do “ganh nang” dung thudc (pill-
burden) dan téi quén, bo thude, san sé thuoc
Viéc khong tuan thu s dung thubc 1a mot van de
16n xay ra trén toan cdu & ca cac nude phat trién
va dang phat trién. Thuéc FDC két hop nhiéu
loai dugc chit vao mot dang bao ché dé tang kha
ning thanh cong cua diéu tri do ting cudng su
tuan thu ctia bénh nhan [3, 4]. Pay la mot trong
nhiing giai phap 16n ddi véi viée cai thién sirc
khoe va chét luong cudc sdng cua ting bénh
nhan ciing nhu giam ganh ning cho cac hé thong
cham so6c¢ strc khoe ndi chung.

- Pon gian hoa phac d6 diéu tri:

St dung thuéc FDC lam don gian hoa qui
trinh ding thudc, trong truong hop phai dung
nhiéu loai thudc, ding nhiéu 1an trong ngay vao
céc thoi diém khac nhau dé dam bao sinh kha
dung va tranh twong tac thudc.

Vi du so sanh s6 lugng vién thude ding cho
phac do diéu tri lao khi sir dung thudc don 1é va
thudc FDC chi ra & Bang 1. Viéc don gian hoa
phac dd lam giam kha ning nhim lan xung
quanh liéu va khoang cach ding thudc, tang tinh
an toan va hiéu qua diéu tri.

- Ngan viéc chia licu:

Chia liéu 1a khi bénh nhéan ding it hon lugng
thubc duge chi dinh hang ngay dé kéo dai thoi
gian dung thudc hodc thude dugc chia sé voi cac
thanh vién trong gia dinh c6 cac triéu chung
tuong tu. Cac trudng hop nay do kho khin vé chi
phi thudc ciing nhu kha nang tiép can thudc cia
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ngudi dung. Thube FDC gop phan lam giam bt
tinh trang trén.

- Phong khang thude:

Str dung thuéc FDC c6 thé dong vai trd quan
trong trong viéc diéu tri hiéu qua cac bénh truyén
nhim nhu HIV, AIDS, lao va sdt rét, 1a nhiing
bénh co6 ty 1€ mic bénh va tir vong cao cho dén
nay va viéc diéu tri van tiép tuc bi can trd do tinh
trang khang thubc d6i véi cac phac do diéu tri

hién c6. Nghién ciru va phat trién cac tac nhan
diéu tri méi 1a mot qua trinh ton kém va mat thoi
gian, nhiéu loai thudc dang dugc tht nghiém
khong tién trién qua cac giai doan thir nghiém
1am sang do ddc tinh 1am gidi han liéu hodc ndng
d6 dudi ngudng diéu tri. Do d6, WHO khuyén
c4o str dung liéu phéap phdi hop, tét nhit 1a duoc
bao ché dudi dang san pham FDC, dé bao vé
chéo va han ché tinh trang khang thude [1].

Bang 1. So sanh ) luong yién duoc su dung véi thuéc don duoc chat va thqéc FDC cho diéu tri bénh lao nhay
cam véi thudc 6 nhitng ngudi trén 8 tudi cod can nang trude dicu tri tir 50-70 kg [5]

Céic thube don chgt | SoluomgVvienstt | o o b &1 hop lidu o6 dinh (FDC) | SO lwong vién st
dung moi ngay dung moi ngay
Giai doan diéu tri
. . Rifampicin + Isoniazid + Pyrazinamide
Rifampicin (150 mg) 4 + Ethambutol (150/75/400/275 mg) 4
Isoniazid (100 mg) 3
Pyrazinamide (500 mg) 3
Ethambutol (400 mg) 2
Tong 12 Tong 4
Giai doan duy tri
. .. Rifampicin + Isoniazid
Rifampicin (150 mg) (300/150 mg) 2
Isoniazid (100 mg) 3
Tong 7 Tong 2
- Tac dung hiép dong: - Chi phi:

Thudc FDC 1a su két hop cac dugc chét co
tac dung hiép dong. Hiéu mg hiép dong xay ra
khi cac loai thude tac ddng & cac vi tri khac nhau
va mot loai thudc 1am tang hiéu qua cua loai
thudc kia bang cach thay ddi qua trinh chuyén
hoéa sinh hoc, phan bd hodc thai trix [6]. Hon nita,
tuong tac thudc hiép dong co thé dé cap dén mot
loai thudc dung dong thdi ¢é tac dung hiéu chinh
tac dung khong mong mudn lién quan dén loai
thudc kia, chang han nhu ding dong thoi thube
loi tiéu dé hiéu chinh tinh trang gitt mudi va nudc
do6i khi lién quan dén liéu phap chen beta [7].
Hodc nhu thudc chen kénh calci va thude chen
hé renin-angiotensin két hgp cho thay tic dung
bao vé cong hop trén thanh mach [8]. Vi thube
diéu tri HIV, str dung két hop cac tac nhan dé
nhim vao céc bude khac nhau trong vong doi cua
virus mang lai hi¢u qua khang virus cong hop,
gitup tang cuong hiéu qua [9].

Thudc FDC cung cép loi thé vé van d& chi
phi, bao gém chi phi san xuét, déng goi va phan
phdi nén san pham FDC c6 gia ca thip hon so
v6i tong cua cac san pham riéng 16 [10]. Luong
ta duoc dugc sir dung trong san xuit FDC thuong
thap hon lugng ta duoc can thiét dé san xuat timg
loai thubc riéng 1é. Vi du, chi phi cua Vytorin
tab® (Ezetimibe 10 mg va Simvastatin 20 mg),
mot trong nhitng san phim FDC ban chay nhat
12 1,093 won tai Han Quéc, trong khi chi phi cua
cac loai thudc generic twong dwong 1a 1,399
won. Lgi thé vé chi phi giam da din dén viéc ting
dung thuéc FDC khang virus, gitp cai thién déng
ké viéc tuan tha ding thude cua bénh nhan HIV,
dac biét 1a ddi véi nhitng bénh nhan & cac nudce
phat trién [11]. Trong mdt nghién ctru khac, danh
gia su két hop lidu phap bd ba amlodipin,
telmisartan, chlorthalidon cho thy thudc FDC
mang lai hiéu qua vé chi phi, do d6 khuyén céo
mo rong st dung nham cai thién sy tudn tha [12].
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2.2. Nhwoc diém va thach thirc

- Sw tudn thii thuéc FDC bi anh huong boi
thoi gian diing thudc:

Mic du phac d6 thuéc FDC so vé6i ding
thudc don 1¢ 1am tang dang ké sy tuan thu diéu
tri, tuy nhién néu viéc diéu tri kéo dai, viéc sir
dung thuéc FDC van xay ra tinh trang su giam
tuan tha theo thoi gian. Do d6, viéc thiét ké phac
dd diéu tri can phai quan tdm dén sy thuén tién
ctia bénh nhan sao cho dat dugc két qua diéu trj
tt nhat trong thoi gian diéu tri kéo dai [13].

- Liéu lwong khong linh hoat:

Thudc FDC c¢6 han ché khi can hiéu chinh
mdi thanh phan riéng 1& de dat duoc két qua diéu
tri mong mudn voi mot sé tinh trang bénh nhat
dinh, nhu cac bénh tim mach va dai thao duong
[14], hoidc diéu chlnh dé giam thiéu céc tac dung
khong mong mudn. Pay 1a mot trong nhiing ly
do chinh khién nhiéu béc si ké don khong mudn
4p dung hoan toan li€u phép FDC [15].

- Cd thé hod nguoti dung thuoc:

Thudc phéi hop liéu ¢d dinh ¢6 nhuge diém
thiéu linh hoat khi diéu chinh liéu cho timg ngudi
dung do su khac biét vé gidi tinh, chung toc, do
tu01 di truyen gen, moi trucmg, . biéu nay co
vé xung dot vdi ca thé hoa diéu tri. Bé khéc phuc,
phuong phap san xudt in 3 chiéu (3D
printing/Additive manufacturing - AM) dugc
nghién ctru phat trién [16]. Tuy nhién, viée tiép
can véi linh vic san xuét nay lai 1am ting chi phi
va doi hoi tmg dung nhiéu cong nghé dic biét,
thiét bi chuyén dung nén chua phu hop véi da sb
dbi twong dung thude [17].

- Phat trién cdc phwong phdp phan tich:

Trong qua trinh phat trién cong thirc va qui
trinh san xuat thuéc FDC, can phai dong thoi
phat trién phuong phap phan tich dong thoi cac
thanh phan dwoc phéi hop. Mic du cac thanh
phan don 1é di c6 phuong phap danh gia, nhung
khi phdi hgp da thanh phan, cac phuong phap d6
khong con thich hop hoac khong di do nhay cho
viéc danh gia thudc FDC. Trong nhiéu truong
hop, cac phuong phap phan tich doi hoi diéu
chinh k§y thuat, diéu kién ciing nhu thiét bi dac
biét mdi dap ing dugc viée kiém soat chat lugng
thudc nhiéu thanh phﬁn [13, 18].

- Twong tdc giita cdc thanh phan:

Tuong tac dugc chat- dugc chat va tuong tac
dugc chét - ta duoc 1a nhimng can nhic quan trong
khi xay dung cong thirc thudc FDC. Mbi dugc
chat ¢6 nhiing tuong tac, tuong hop, thay doi do
tan,... véi cac loai td dugc khac nhau, vi vay
trong thudc FDC c6 thé khong str dung duge cac
ta duoc da sir dung dé bao ché thude don thanh
phan. Tuong tac DC- DC c¢6 thé anh huéng dén
sinh kha dung nhu truong hop cta rifampicin va
isoniazid. Mdc du rifampicin-isoniazid 1a su két
hop dugec WHO chap thuan va khuyén nghi, tuy
nhién rifampicin di dugc ching minh ring
khong 6n dinh khi 6 isoniazid trong méi truong
acid dan dén lam giam sinh kha dung cua
rifampicin [19]. Mot vi du khac vé tuong tac DC-
DC c6 thé xay ra khi sir dung thudc chong ting
huyét 4p ¢ nhitng bénh nhan c6 bénh di kém.
Thudc chen kénh calci nhu diltiazem va
verapamil, rat c6 kha ning giy ra twong tac thudce
dang ké do trc ché manh CYP-3A4 [20]. Thudc
chong viém va steroid dugc biét 1a anh huong
dén huyét 4p va nén tranh ding két hop véi thude
chéng tang huyét ap [21]. Vico nhiéu twong tac
phue tap nén viée phéi hop thuoc khi ké don
cling nhu phét trién thudc FDC can phai duoc
xem xét cn trong.

- Bang sang ché:

Céc thubc FDC thuong két hop cac API da
hét han bang sang ché va hiém khi bao gdm céc
phan tir thudec mai. Viée phé duyét cac san phdm
FDC c6 thé bi tri hodn duya trén tinh trang bang
sang ché cta timg thanh phan riéng 1¢ du dinh
dura vao san pham. Nhiéu cong ty duoc phim dua
san pham FDC ra thi truong trudc khi cac bang
sang ché thudc don 1é cua cong ty ho hét ban
quyén, didu nay lam ting thém thoi han bao ho
cua thude don 1¢ [22].

3. Cong ngh¢ bao ché hi¢n dai dé sin xuat
thuée FDC

3.1. Dang bdo ché thuéc FDC

3.1.1. Vién nang chira nhiéu dang thuoc

Vién nang, dac biét vién nang cimg la dang
bao ché thich hgp d€ bao ché thuéc FDC dung
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duong uéng Véi cac ta duge vo nang thay doi
so voi thude qui ude (gelatin) nhu HPMC, cho
phép dong duogc nhleu dang thuoc vao vién.
Ngoai cac dang ran nhu bot, cém, pellet, vién
nén,... vién nang con co thé dong dugc cac thude
long, ban ran nén thich hop khi bao ché thude
FDC. Pé tranh tuong tac giita cac duoc chét va
kiém soat giai phong duoc chat khac nhau, vién
nnag c6 thé dong hon hop chat 1ong/ban rin véi
dang rin nhu pellet/vién nén mini/vién nang
nho,... Mdi duge chat duoc thiét ké bao ché
thanh dang riéng, dam bao dd on dinh, giai
phong dugc chét va sinh kha dung theo yéu cau,
sau d6 méi dong nang. Viéc dong hdn hop nhidu
loai cling can thiét bj doéng nang dac biét va lya
chon loai vo nang phu hop.

Mot s6 vi du dién hinh cho céng nghé dong
nang da dang la vién nang FDC tng dung trong
diéu tri cac bénh vé tién liét tuyén, tim mach, ho
hap. Vién nang cimg HPMC s6 00 chira pellet
dutasterid giai phong kéo dai va vién nang mém
chura tamsulosin dang long gidi phong ngay do
tac dung dugc ly va thoi gian ban thai 2 duogc
chat khac nhau. Ché pham duoc phat trién dau
tién la Combodart/ Jalyn (dung 1 vién/ngay) [23]
v6i cau trac nhu ¢ Hinh 1:

Pellet giai phdng
kéo dai

Vién nang mém

giai phéng ngay

Hinh 1. C4u triic vién nang ctirng FDC Combodart
0,5 mg/0,4 mg.

Vién nang déng nhidu vién (vién nén
mini/vién nang mini) dugc goi 1a “polypill”.
Dang nay ciing phit hop véi thuée FDC phdi hop
nhiéu duoc chat. Bé dong vao nang, vién nén
duoc bao ché co kich thude nhod (hinh try, duong
kinh dudi 3 mm), bao dé bé mit nhin. Cong nghé
poypill 4p dung thanh cong voi cac dugce chat
phdi hop trong diéu tri hodc dy phong cho bénh

tim mach nhu vién nang dong cac vién nén bao
aspirin (100 mg), ramipril (2.5, 5, or 10 mg), va
atorvastatin (20 mg) (Hinh 2) hodc vién nang
chua artorvastatin 10 mg, amipril 5 mg, aspirin
75 mg. Trong d6, aspirin dugc bao ché dudi dang
vién bao tan trong rudt, cac duoc chét khac vao
ché dang vién bao film giai phong ngay [24]
[25]. St dung thudc FDC nay ciing di duoc
ching minh hi¢u qud trong viéc tdng tudn thu
thudc, lam giam ty 1 rui ro va bién chimg cac
bénh tim mach [26].

Ramipril

Atorvastatin Aspirin
25/5/10 mg 2x10mg 2x50 mg

Hinh 2. Cong ngh¢ polypill Fuster-CNIC-Ferrer
(Trinomia®, Sincronium®, Intria®) [24].

Thubc FDC dang vién nang cimg ciing ap
dung cho thudc hit bot khé dinh liéu. Thudc bot
hit (DPI) dang don liéu dugc dong nang kém
dung cu hit dé diéu tri mot s6 bénh dudng ho hap
thuong phéi hop mot s6 duoc chat nhw formoterol-
budesonid; cho thdy hiéu qua diéu trji cao hon so
voi dung cac dang don dugc chat [27].

Vién nang mém hién nay ciing c0 thé sir
dung dé dong nhidu dang thube dong thoi nhu
chat 1ong/ban ran - vién nén/pellet- vién nang,. ..
tuy nhién viéc ing dung véi thubc FDC chua
duogc phd bién [28].

3.1.2. Vién nén nhiéu l6p

Vién nén nhiéu 16p 1a dang bao ché dugc tmg
dung cho thudc FDC dung duodng uong nhiéu
hon ca do dic tinh do én dinh cao, c6 thé tranh
duoc twong tac va kiém soat giai phong duoc
chat theo nhiéu cach thie khac nhau. Vién FDC
loai nay c6 thé dugc bao ché theo dang nhén- vo
(bao dap/bao bdi, Hinh 3a) hodc dap 2/nhiéu 16p
(Hinh 3b). Véi vién dap nhiéu 16p, c6 thé mdi
16p 1a mbi dugc chat hodc phan cach giira cic
duoc chét 1a ta duoc.
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(a) o (b)
Hinh 3. C4u triic vién nhiéu 16p: a- Vién bao dap; b- Vién nhiéu 16p.
Bang 2. Mot s6 thuéc FDC da dugc phé duyét dang vién nhiéu 16p
Biét duoc FDC Duoc chat, ham luong Dang bao ché Cong ty san xuét/phét trién
Valsartan/ hydrochlorothiazid
Diovan HCT [29] (80/12.5, 160/12.5, 160/25, Vién 2 16p Norvatis
320/12.5, 320/25)
Clarinex-D Desloratadin/pseudoephedrin n ]
[30] sulphat (2,5/120) Vién 2 16p MSD
Atriol Efavirenz/emtricitabin/tenofovir
;lf a disoproxil fumarat Vién nhiéu 16p Gilead Sciences
[31] (600/200/300)
Jentadueto Linagliptin/metformin hydroclorid Vién 2 16p . .
[32] (2,5/850; 2,5/1000) nhan - vé Boehringer Ingelheim
Jentadueto XR Linagliptin/metformin hydroclorid C . A \ . .
33] (2,5/1000; 5/1000) Vién 2 16p nhan- vo Boehringer Ingelheim

Mot s6 thuéec FDC dang vién nhiéu 16p da
dua ra thi truong duoc thé hién 6 Bang 2.

3.2. Mét 56 cong nghé hién dai ung dung bao ché
thuoc FDC

3.2.1. Kiém sodt gidi phéng dwoc chdt

Khi phéi hop nhiéu duoc chét thuong c6 yéu
ciu giai phong khac nhau tuy thude va thoi gian
ban thai, yéu cau diéu tri, tranh tuong tac,... Do
d6 cong nghé kiém soat giai phong duogc chat rat
hay dugc ng dung, dac biét voi thubc dung
duong ubng. Mot so cong nghé kiém soat giai
phong dugc chat duge ap dung nhiéu nhu: ting
thoi gian luu tai da day; hé cdt giai phong duoc
chat kéo dai;... Dé tang thoi glan lwu thude tai
da day, co thé bao ché cac hé ndi; hé gidn nd; hé

ty trong 16n [34]. Kha ning ndi tai da day duoc
dua trén cac nguyén tic sinh khi, giam ty trong;
can bang thuy dong; tao két be,... Vi du vién
nang Madopar® (Intec Pharma), phéi hop
levodopa va benserazid trong diéu tri Parkinson
dua trén co ché can bang thuy dong voi polyme
HPMC dé kiém soat luu lau tai da day, giai
phong dugc chat kéo dai dé hap thu tai phan dau
rudt non nham ting sinh kha dung.

Mot vi du khac vé vién luu tai da day theo co
ché gidn nd 1a vién FDC két hop carbidopa va
levodopa (Accordion Pill®- Intec Pharma), dya
trén nguyén tic nhu ¢ Hinh 5. Cac tim mong
polyme nhu HPMC, Carbopol, PEO,... dugc
cudn dong vao nang, khi mé vo nang s€ truong
né tang thé tich va cham thao rong khoi da day.
Duoc chét c6 thé giai phong tir tir trong 12 gio.
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Hinh 4. Nguyén tic giai phong DC tur vién nang luu
lau tai da day dya trén co ché thuy dong [35].

LW O

Hinh 5. Nguyén tic bao ché vién nang chira tim
mong gidn nd [36].

Dang thuéc FDC twong d6i dién hinh vé phéi
hop dugc chit c6 thoi gian ban thai ngin va dai
can kiém soat giai phong duoc chit khac nhau
nhu metformin va dugc chdt nhom tc ché
dipeptdyl peptidase-IV (DPP-4 inhibitors) ung
dung dé kiém soat duong huyét. Janumet® XR 14
thudc FDC phdi hop metformin hydroclorid giai
phong kéo dai voi sitagliptin giai phong ngay,
dung 1 lan/ngay. Dé kiém soat giai phéng dugc
chat, metformin dugc bao ché dang vién cot giai
phong cham vai ta duge HPMC khbi lugng phan
ti 16n; sitagliptin dugc dua vao lop bao giai
phong ngay voi ta dugc bao PVA hoiac HPMC
khéi lwong phan tir thap [37], v6i cdu tric nhu
Hinh 3a.

3.2.2. Cong nghé dun nong chay

Cong nghé dun ndéng chay (hot-melt
extrusion, HME) str dung cac polyme, ta dugc co
nhiét do nong chay tuong ddi thap, phan tan
duoc chét tao thanh hé cdt, kiém soat giai phong
dugc chat theo co ché khéch tan hodc biao mon.
Qua trinh HME c¢6 thé tao ra hat, pellet, vién,...
dé tmg dung cho thudc dung dudng udng, dat,
cdy,... Cong nghé nay khong dung dung méi nén
khong anh hudng t6i méi truong va duoc chat

tranh dugc 4m. Tao hat HME cling co nhiéu loi
ich do rat ngén cong doan so véi céach tao hat
truyén thong; c6 thé che ddu mui vi duoc chat;
thay d6i d6 tan duoc chit do tao hé phan tan rin
hoiac chuyén dang duogc chét sang vO dinh hinh
[38]. Cac thuéc FDC khang virus thuong tng
dung cong nghé HME dé giai quyét van dé do
tan kém cho duoc chat nhu ritonavir va lopinavir
(Kaletra®) [39]; ombitasvir, paritaprevir,
dasabuvir [40].

Cong nghé HME c6 thé tao ra nhiéu hinh
dang theo yéu cau, nhu trong truong hop vong
mang thudc FDC etonogestrel+ ethinyl estradiol
(NuvaRing®; EluRyng,...) kiém soat giai phong
dugc chét t6i 21 ngay (Hinh 6).

P

2 1

Hinh 6. CAu triic vong mang thuéc FDC sir dung
cong nghé HME (1-2 dugc chét phdi hop véi
ethylen-vinylacetat copolymer; 2- Lép bao ethylen-
vinylacetat copolymer 40-300 um) [41].

Cong nghé HME con tng dung nhiéu trong
tao hat dé bao ché thuéc FDC, nhu thude phéi
hop metoprolol tartrat va hydrochlorothiazid
(vién Zok-Zid®); vildagliptin véi metformin
hydroclorid (Eucreas®) [42].

3.2.3. Cong nghé in 3D

In 3D (3D printing) 1a qui trinh in ting lop
dé tao ra san pham kich thudc 3 chidu tir cac vat
liéu thich hop theo thiét ké véi su trg gitip cua ky
thuat sd. Cong ngh¢ in 3 chleu ung dung trong

bao ché thuoc mo ra nhiéu tiém ning méi trong
nhitng nam gan day do c6 thé tao ra dang thudc
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c4 thé hoa, da dang vé hinh dang thudc, c6 thé
tao ra cac thudc giai phong nhanh hodc kéo dai
[43]. Viéc tmg dung cong nghé in 3D cho thudc
FDC c6 lgi thé khi phéi hop kiém soat cac dugc
chat giai phong khac nhau, tranh tuong tac va
tranh am. Cong nghé in 3D su dung mot sO
nguyén tic k¥ thuat co ban nhu: dong ran tir bot;
dong ran tir chat long; dun- ép,... Mac du thude
FDC ung dung cong nghé in 3D chua dugc
thwong mai hoa, nhung kha nhiéu nghién ctru ap
dung dé phéi hop nhiéu dugc chat trong cac dang
bao ché khac nhau. Vién mini FDC cho tré em
phdi hop cafein va propranolol sir dung ky thuat
ché tao soi nong chay (fused deposition
modeling- FDM) dé bao ché vién c6 duong kinh
1,5-4,0 mm; bé day 1,0-3,0 mm; ta dwoc HPC va
HPMC cho kha ning giai phong duoc chat nhanh
[44]. K§ thuat in 3D ciing duoc 4p dung dé bao
ché vién FDC dang nhén- bao hodc vién 2 16p, 3
16p nham kiém soat giai phong duoc chat khac
nhau [45, 46].

Mot nghién ctru khac da sur dung cong nghé
in phun 3D (Inkjet 3D printing) dé thiét ké thudc
FDC ciy duéi da giai phong theo chuong trinh
dé diéu tri lao xuong. Thudc duoc tao thanh hinh
try dong tam véi 4 16p theo thir tu isoniazid—
rifampicin—isoniazid—rifampicin tur tdm ra ngoai,
st dung td dugc polyethylen oxid, acid
polylactic (PLA), polyvinyl alcohol (PVA).
Thubc giai phong kéo dai 8-12 ngay [47].

Do loi ich vé bao ché thudc c4 nhan hoa nén
cong ngh¢ in 3D dugc nghién ciu nhiéu trong
bao ché thuoc FDC v6i da dang k§ thuat thay vi
mg dung trién khai san xuét thubc thuong mai.

4. Két luan

Thudc phéi hop liéu c¢b dinh duge phat trién
va g dung manh mé trong thoi gian gan day
v6i nhiéu loi ich trong diéu tri va da dang hoa
san phim thudc. Su phat trién ciia cac cong nghé
bao ché hién dai da tao diéu kién thuan loi cho
viéc thiét ké cac ché pham FDC mot cach hop 1y,
qua d6 nang cao hiéu qua diéu trj va do an toan
cta thude. Do do, viéc tiép can mot cach c6 hé
thdng va khoa hoc ddi véi nghién ciru va bao ché
thudc FDC 1a can thiét, nham dinh hudng cho

hoat dong nghién ctru - phat trién duoc phém va
thiic day viéc sir dung thudc mot cach hop 1y, an
toan trong thuc hanh 1am sang.

Tai liéu tham khao

[17 W. H. Organization, Guidelines for Registration of
Fixed-Dose Combination Medicinal Products,
WHO Technical Report Series, Vol. 929, 2005,
pp. 94-142.

[2] European Medicines Agency: Guideline on
Clinical Development of Fixed Combination
Medicinal Products, 2017.

[3] G. Sanz, V. Fuster, Polypills for Cardiovascular
Prevention: A Step Forward? Nature Reviews
Cardiology. Vol. 10, No. 12, 2013, pp. 683-684.

[4] R. Webster, A. Patel, V. Selak et al., Effectiveness
of Fixed Dose Combination Medication Polypills
Compared with Usual Care in Patients with
Cardiovascular Disease or at High Risk: A
Prospective, Individual Patient Data Meta-analysis
of 3140 Patients in Six Countries, International
Journal of Cardiology, Vol. 205, 2016, pp. 147-156.

[5] F.Pan, M. E. Chernew, A. M. Fendrick, Impact of
Fixed-dose Combination Drugs on Adherence to
Prescription Medications, Journal of General
Internal Medicine, Vol. 23, 2008, pp. 611-614.

[6] W. Hussein, Fixed-dose Combination in Diabetes
Management, Safe Smart 3D, 2020, pp. 1-20.

[7] D. A. Sica, Rationale for Fixed-dose Combinations
in the Treatment of Hypertension: the Cycle
Repeats, Drugs, Vol. 62, 2002, pp. 443-462.

[8] B. Godman, H. McCabe, D. T. Leong et al., Fixed
Dose Drug Combinations-are they
Pharmacoeconomically Sound? Findings and
Implications Especially for Lower-and Middle-
Income  Countries, Expert Review  of
Pharmacoeconomics & Outcomes Research,
Vol. 20, No. 1, 2020, pp. 1-26.

[9] A. K. Pau, J. M. George, Antiretroviral Therapy:
Current Drugs, Infectious Disease Clinics, Vol. 28,
No. 3, 2014, pp. 371-402.

[10] F. Moriarty, K. Bennett, T. Fahey, Fixed-dose
Combination Antihypertensives and Risk of
Medication Errors, Heart, Vol. 105, No. 3, 2019,

pp. 204-209.
[11] D. Desai, J. Wang, H. Wen, X. Li, P. Timmins,
Formulation Design, Challenges, and

Development Considerations for Fixed Dose
Combination (FDC) of Oral Solid Dosage Forms,


https://www.hubs.com/3d-printing/fdm/
https://www.hubs.com/3d-printing/fdm/

10

[12]

[13]

[14]

[17]

[18]

[19]

[20]

[21]

N. M. Huy et al. / VNU Journal of Science: Medical and Pharmaceutical Sciences, Vol. 42, No. 1 (2026) 1-11

Pharmaceutical Development and Technology,
Vol. 18, No. 6, 2013, pp. 1265-1276.

T. Lung, S. Jan, H. A. D. Silva et al., Fixed-
combination, Low-dose, Triple-pill
Antihypertensive Medication Versus Usual Care in
Patients with Mild-to-moderate Hypertension in
Sri Lanka: A Within-trial and Modelled Economic
Evaluation of the TRIUMPH Trial, The Lancet
Global Health, Vol. 7, No. 10, 2019,
pp- €1359-e1366.

C. A. Wilkins, H. Hamman, J. H. Hamman, J. H.
Steenekamp, Fixed-dose Combination
Formulations in Solid Oral Drug Therapy:
Advantages, Limitations, and Design Features,
Pharmaceutics, Vol. 16, No. 2, 2024, pp. 178.

A. Roy, N. Naik, K. S. Reddy, Strengths and
Limitations of Using the Polypill in Cardiovascular
Prevention, Current Cardiology Reports, Vol. 19,
2017, pp. 1-8.

R. Webster, A. Patel, V. Selak et al., Effectiveness
of Fixed Dose Combination Medication
(‘Polypills’) Compared with Usual Care in Patients
with Cardiovascular Disease or at High Risk: A
Prospective, Individual Patient Data Meta-
Analysis of 3140 Patients in Six Countries,
International Journal of Cardiology, Vol. 205,
2016, pp. 147-156.

S. Jakka, M. Rossbach, An Economic Perspective
on Personalized Medicine, The HUGO Journal,
Vol. 7,2013, pp. 1-6.

L. H. Goetz, N. J. Schork, Personalized Medicine:
Motivation, Challenges, and Progress. Fertility and
Sterility, Vol. 109, No. 6, 2018, pp. 952-963.

L. Chen, J. Chen, M. Lu, A. Stimpfli,
Simultaneous Determination of Elbasvir and
Grazoprevir in Fixed-Dose Combination and Mass
Spectral Characterization of Each Degradation
Product by UHPLC-ESI-QTOF-MS/MS, Journal
of Pharmaceutical and Biomedical Analysis,
Vol. 178, 2020, pp. 112964.

C. Shishoo, S. Shah, I. Rathod, S. Savale, M. Vora,
Impaired Bioavailability of Rifampicin in Presence
of Isoniazid from Fixed Dose Combination (FDC)
Formulation, International Journal of
Pharmaceutics, Vol. 228, No. 1-2, 2001, pp. 53-67.
M. A. Fravel, M. Ernst, Drug Interactions with
Antihypertensives, Current Hypertension Reports,
Vol. 23, 2021, pp. 1-8.

W. J. Elliott, Drug Interactions and Drugs that
Affect Blood Pressure, The Journal of Clinical
Hypertension, Vol. 8, No. 10, 2006, pp. 731-737.
J. Hao, R. R. Monguio, E. S. Vazquez, Fixed-Dose
Combination Drug Approvals, Patents and Market

(23]

[24]

[25]

[26]

[27]

(28]

[29]

[30]

[31]

[32]

[33]

[34]

Exclusivities Compared to Single Active
Ingredient Pharmaceuticals, Eng. PloS One, Vol.
10, No. 10, 2015, pp. e0140708.

Combodart 0.5 Mg/0.4 Mg Hard Capsules -
Summary of Product Characteristics (SmPC) -
(EMC). Available online:
https://www.medicines.org.uk/emc/product/507/s
mpctgref (accessed on: December 19%, 2025).

J. Tamargo, J. M. Castellano, V. Fuster, The
Fuster-CNIC-Ferrer Cardiovascular Polypill: A
Polypill for Secondary Cardiovascular Prevention,

Int. J. Cardiol, Vol. 201, Suppl. 1, 2015,
pp- S15-S22.

G. Sanz, V. Fuster, Fixed-dose Combination
Therapy  and  Secondary  Cardiovascular

Prevention: Rationale, Selection of Drugs and
Target Population, Nat. Rev. Cardiol, Vol. 6, 2009,
pp. 101-110.

S. Yusuf, Two Decades of Progress in Preventing
Vascular Disease, Lancet, Vol. 360, 2002, pp. 2-3.
R. Stirbulov, C. C. Fritscher, E. Pizzichini, M. M.
M. Pizzichini, Evaluation of the Efficacy and
Safety of a Fixed-Dose, Single- Capsule
Budesonide-Formoterol Combination in
Uncontrolled Asthma: A Randomized, Double-
Blind, Multicenter, Controlled Clinical Trial, J.
Bras. Pneumol, Vol. 38, 2012, pp. 431-437.
Softigel-UnigelTM. Available online:
https://www.softigel.com/softgel-technologies/
unigel (accessed on: December 19%, 2025).
https://dailymed.nlm.nih.gov/dailymed/drugInfo.c
fm?setid=d76a0419-05¢ee-437¢-884c-

658072ea9569 (accessed on: December 19
2025).
Clarinex-D 12hr (Desloratadine and

Pseudoephedrine Sulfate): Uses, Dosage, Side
Effects, Interactions, Warning. Available online:
https://www.rxlist.com/clarinex-d-12hr-drug.htm

(accessed on: December 19", 2025).

ATRIPLA® (efavirenz/emtricitabine/tenofovir
disoproxil fumarate) Tablets Product Monograph
https://pdf.hres.ca/dpd_pm/ 00046887.PDF
(accessed on: December 19", 2025).
https://www.medicines.org.uk/emc/product/7697/
smpctgref (accessed on: December 19, 2025).
https://dailymed.nlm.nih.gov/dailymed/drugInfo.c
fm?setid=3d02a4d4-d312-80b4-05c4-
691b8f0aa7aa (accessed on: December 19, 2025).
L. T. T. Trang, P. T. M. Hue, Gastroretentive Drug
Delivery Systems: Mechanisms of Gastroretention;
Evaluation, Journal of Pharmaceutical Research
and Drug Information, Vol. 21, 2025, pp. 47-62.


https://www.softigel.com/softgel-technologies/
https://www.medicines.org.uk/emc/product/7697/smpc%23gref
https://www.medicines.org.uk/emc/product/7697/smpc%23gref
https://dailymed.nlm.nih.gov/dailymed/drugInfo.cfm?setid=3d02a4d4-d312-80b4-05c4-691b8f0aa7aa
https://dailymed.nlm.nih.gov/dailymed/drugInfo.cfm?setid=3d02a4d4-d312-80b4-05c4-691b8f0aa7aa
https://dailymed.nlm.nih.gov/dailymed/drugInfo.cfm?setid=3d02a4d4-d312-80b4-05c4-691b8f0aa7aa

[35]

[39]

N. M. Huy et al. / VNU Journal of Science: Medical and Pharmaceutical Sciences, Vol. 42, No. 1 (2026) 1-11 11

K. Adibkia, S. Ghanbarzadeh, G. Mohammadi, R.
B. Atashgah, A. Sabzevari, Gastro Retentive Drug
Delivery Systems: A Review, J. Rep. Pharm. Sci,
Vol. 2, 2013, pp.190.

https://www.pharmaexcipients.com/drug-
delivery/accordion-pill/(accessed on: December
19, 2025).

N. Pourkavoos, Pharmaceutical Compositions of a
Combination of Metformin and a Dipeptdyl
Peptidase-Tv Inhibitor, US 2010/0330177 Al.
Dec., Vol. 30, 2010.

M. M. Crowley, F. Zhang, M. A. Repka, S.
Thumma, S. B. Upadhye, S. K. Battu, J. W.
McGinity, C. Martin, Pharmaceutical Applications
of Hot-Melt Extrusion: Part I. Drug Dev. Ind.
Pharm, Vol. 33,2007, pp. 909-926.

J. Breitenbach, Melt Extrusion Can Bring New
Benefits to HIV Therapy: The Example of Kaletra®
Tablets. Am. J. Drug Deliv, Vol. 4, 2006,
pp- 61-64.

R. Sanjay, Chemburkar, Polymorph of a
Pharmaceutical, US Patent 7,148,359 B2. 12/2006.
Rudolf Johannes Joseph, Drug Delivery System for
Two or More Active Substances, US Patent,
5,989,581. Nov. 23, 1999.

M. M. Crowley, F. Zhang, M. A. Repka, S.
Thumma, S. B. Upadhye, S. K. Battu, J. W.

[43]

[44]

[45]

[46]

[47]

McGinity, C. Martin, Pharmaceutical Applications
of Hot-Melt Extrusion: Part I. Drug Dev. Ind.
Pharm, Vol. 33, 2007, pp. 909-926.

N. T. M. Anh et al., 3D Printing Applications for in
Medicine Development and Manufacturing,
Journal of Pharmaceutical Research and Drug
Information, 2019, No. 2, pp. 12-24.

J. Krause, L. Miiller, D. Sarwinska, A. Seidlitz, M.
Sznitowska, W. Weitschies, Printing of Mini
Tablets for Pediatric Use, Pharmaceuticals, 2021,
pp. 14-143.

A. Goyanes, U. D. Amornrat, J. Wang, A. W. Basit,
S. Gaisford, 3D Scanning and 3D Printing as
Innovative  Technologies  for  Fabricating
Personalized Topical Drug Delivery Systems, J.
Control. Release, Vol. 234, 2016, pp. 41-48.

M. Sadia, A. Isreb, I. Abbadi, M. Isreb, D. Aziz, A.
Selo, P. Timmins, M. A. Alhnan, from Fixed Dose
Combinations to a Dynamic Dose Combiner: 3D
Printed Bi-Layer Antihypertensive Tablets, Eur. J.
Pharm. Sci., Vol. 123, 2018, pp. 484-494.

D. S. Arya, S. Chowdhury, R. Chawla, A. K. Das,
M. A. Ganie, K. M. P. Kumar, R. Rajput, Clinical
Benefits of Fixed Dose Combinations Translated to
Improved Patient Compliance. J Assoc Physicians
India, Vol. 67, No. 12, 2019, pp. 58-64.



