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ABSTRACT

Objective: This study provides an overview of the current development status of
pharmaceutical engineering in Vietham and globally, analyzes its core role within
the pharmaceutical manufacturing value chain, and identifies future challenges and
opportunities.

Methods: A systematic literature review was conducted using reputable scientific
databases such as PubMed, Scopus, and Google Scholar, along with industry reports
from organizations like the International Society for Pharmaceutical Engineering.

Results: Pharmaceutical engineering serves as the foundation of the pharmaceutical
industry, responsible for the design, operation, and optimization of the entire drug
manufacturing process. Engineers in this field are the primary force behind the
implementation of GMP standards, ensuring product quality, safety, and efficacy. The
role of Pharmaceutical Engineering is concentrated mainly in manufacturing plants and
research and development institutes. However, the field faces challenges such as a
dependence on imported technology, a gap between academic training and industrial
demands, and a shortage of highly-skilled human resources in emerging areas like
biotechnology.

Conclusion: Pharmaceutical engineering directly contributes to enhancing the
competitiveness of the national pharmaceutical industry, ensuring health security and
drug quality. For sustainable development, strategic investment is required to modernize
educational programs, strengthen collaboration between academia and industry, and
establish policies that encourage research, development, and technology transfer in
pharmaceutical manufacturing.

Keywords: Pharmaceutical engineering, pharmaceutical industry, pharmaceutical
manufacturing, good manufacturing practices.
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ABSTRACT

Muc tiéu: Nghién clru nay tdng quan thuc trang phat trién nganh ky thuat duoc tai Viét
Nam va trén thé gidi, phan tich vai trd cot L6i trong chudi gia tri san xuat dugc pham, déng
thdi nhan dién céc thach thirc va co héi phat trién trong tuong lai.

Phuong phap: Téng quan tai liéu c6 hé théng tir cadc ngudn khoa hoc uy tin nhu PubMed,
Scopus, Google Scholar, cung céc bdo cdo nganh tir cac t8 chirc nhu Hiép héi Ky thuat
Dugc pham Qudc té.

Két qua: Nganh ky thuat dugc la nén tang clia cdng nghiép dugc, dam nhan vai tro thiét ké,
van hanh, va tdi vu hda toan b quy trinh san xuat thudc. Ho (& luc lwgng chinh trong viée
trién khai c4ac tiéu chuan GMP, dam bao chéat lugng, an toan va hiéu qua clia san pham.
Vai tro clia ky thuat dugc tap trung chi yéu tai cdc nha may san xuéat, vién nghién clru va
phat trién. Tuy nhién, nganh nay dang d6i mat vdi cac thach thic nhu sy phu thuéc vao
c6ng nghé nhap kh4u, khoang cach gilra dao tao va thuc tién cong nghiép, va sy thiéu hut
ngudn nhan luc chat lugng cao trong cac linh viie mdi nhu cong nghé sinh hoc.

K&t luan: Ky thuat dugc dong gop truc tiép vao viéc nang cao nang luc canh tranh cla
nganh cong nghiép dugc qudc gia, ddm bao an ninh y t& va chat luong thudc. D& phat trién
bén virng, can cé sy dau tu chién luge vao viéc hién dai héa chuong trinh dao tao, tang
cudng hgp tac gitra nha truong va doanh nghiép, va xay dung chinh séch khuyén khich
nghién ctu, phat trién va chuyén giao cong nghé san xuat dugc pham.

Tir khéa: Ky thuat dugce, cong nghiép dugc, san xuat dugc pham, thuc hanh tét san xuét.

1. DAT VAN DE

Nganh Dugc Viét Nam dang trong giai doan chuyén
minh manh mé, tiém can vdi cac tiéu chuan qudc té.
Chién lugc qudc gia phattrién nganh Dugc Viét Nam
giai doan dén nam 2030, tdm nhin dén nam 2045
da dat ra muc tiéu then chét la xay dung nén cong
nghiép dugc phdm trong nudc virng manh, ty chu,
c6 kha nang canh tranh, dap irng nhu cau cham séc
stc khoe nhan dan va tirng bude hoi nhap sau rong
vao chudi gié tri toan cau [1]. P& hién thuc héa muc
tiéu nay, viéc phat trién va t8i wu hda nang luc san
xuat céng nghiép & mot yéu cau cap thiét, khéng
chi dirng lai & viéc dau tw may méc ma con phaichu
trong vao ngudn nhan luc chat lwugng cao van hanh
va lam chd cong nghé.

Trong bodi canh do, nganh ky thudt dudgc
(pharmaceutical engineering) khang dinh vi thé la
mot bd phan xuwong séng, la dong luc trung tdm cho
sy phat trién clia cong nghiép dugc pham hién dai.

*Tac gia lién hé

Khac v&i dugc si ldm sang tap trung vao tuong tac
thudc trén bénh nhan hay dugc si tai cong dong,
cac chuyén gia ky thuat dugc tap trung vao toan bo
vong doi cdng nghiép clia san pham thudc. Ho 1
nhirng ngudi chiu trach nhiém nghién clu, thiét ké,
trién khai, van hanh, thdm dinh va t8i uu héa cac quy
trinh, thiét bi va nha may san xuat, dam bao moikhia
canh vé chéat lugng, an toan va hiéu qua tuan thu
nghiém ngét céc tiéu chudn qudc té nhu thuc hanh
1ot san xuat thudc (GMP) [2-3].

Tuy nhién, tai Viét Nam van ton tai mot khodng cach
déang ké gilra chuang trinh dao tao va yéu cau cla
céac doanh nghiép dugc pham hién dai, su thiéu hut
nguon nhan luc c6 chuyén mon sau trong cac linh
vuc mdi nhu san xudt duge pham sinh hoc, va su
phu thuéc l&n vao céng nghé, thiét bi nhap khau...
[4]. Xu&t phat tirthuc tién d6, bai tdng quan hé théng
nay dugc thuc hién nham cac muc tiéu lam ré vai
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tro, nang luc ¢t Loiva prlam vi hoat déng clia nganh
ky thuat dugc trong chubi gia tri dugc pham.

2. DOI TUONG VA PHUONG PHAP NGHIEN CUU
2.1. Dai tugng nghién ciru

Doi tugng nghién clru bao gom cac tai liéu khoa
hoc, bai bdo, luat va quy dinh, bdo cdo nganh va
cac huéng dan thuc hanh lién quan dén vai trd, dao
tao va hoat déng ctia ky thuat dugc (hodc céc chirc
danh tuong duagng) tai Viét Nam va quéc té.

2.2. Phuong phap nghién ctu

Strdung phuong phap téng quan tailiéu cé hé théng.
Cac co s& dit lieu khoa hoc nhu PubMed, Scopus,
ScienceDirect va Google Scholar dugc truy van dé
thu thap céc nghién clru lién quan. Bong thai, cac
van ban phap quy nhu Luat Duoc 2016, cac thong
tu clia BO Y té€ vé thuc hanh t6t nha thudc (GPP),
hoat déng kho dugc, va cac bao cao nganh t cac
t6 chirc uy tin dugc phéan tich dé xay dung mot burc
tranh toan canh vé nghé.

3. KET QUA NGHIEN cUU
3.1. Khai niém va pham vi nganh ky thuat dugc

Ky thuat dugc la mét linh vue ky thuat da nganh, tich
hop sau sac cac nguyén ly cua ky thuat hoa hoc, ky
thuét co khi, cong nghé sinh hoc va khoa hoc dugc
phdm. Muc tiéu c6t 16i clia nganh & nghién clu,
thiét k&, phat trién, thdm dinh va t8i uu hoa céac quy
trinh, thiét bi va nha may phuc vu cho viéc san xuét
dugc phdm va cac san pham lién quan dén sic khoe
& quy md cong nghiép [1-2]. Khac véi dugc si lam
sang tap trung vao tuong tac thudc trén bénh nhén,
ky thuat dugc tap trung vao vong ddi clia san pham
thudc, tir giai doan xay dung cong thirc ban dau dén
doéng géi thanh pham va phan phdi, ddm bao moi
khia canh chét lugng, an toan, hiéu qua va tuén thu
céac tiéu chuén thuc hanh san xuat t6t (GMP) nghiém
ngat nhat [3-4].

Céc nguyén tic c6t L6i va trach nhiém chinh [4-5]:

- Thiét ké va t6i uu hoéa: ky thuat dugc la kién trac
su clia quy trinh san xuét. Ho chiu trach nhiém thiét
ké&, cdi ti€n va toi vu hda toan bd hé théng san xuét,
tir co s& ha tang nha may, hé théng phu trg (HVAC,
nudc tinh khiét) dén céc thiét bi cu thé. Muc tiéu la
tao ra mot quy trinh san xuéat hiéu qua, én dinh, ddng
nhat va c6 kha ndng nhan rong (scalable).

- Kiém soat chat lugng: dam bao an toan, hiéu qua
va chét lugng clia duge pham la uu tién hang dau.
Ky thuat dugc thiét lap va trién khai céc bién phap
kiém soat chat lugng khat khe trong sudt qué trinh
san xuét, tir kiém tra nguyén liéu dau vao, giam sat

cac thong s6 tdi han cua quy trinh (critical process
parameters) dén kiém nghiém ban thanh pham va
thanh phdm, ddm bao tuan thu tuyét ddi tiéu chuan
GMP.

- Tuan tha quy dinh: nganh dugc dugc quan ly bai
mot hé thédng quy dinh chat ché. Ky thuat dugc phai
dam bao moi hoat dong san xuét, tai liéu va hd so
déu tuan thi céc quy dinh ctia co quan quan ly qudc
gia (Cuc Quan ly Dugc Viét Nam) va céc tiéu chuan
qudc té (FDA, EMA, PIC/S), tir d6 ddm bao san pham
dugc cap phép luu hanh va an toan cho stic khoe
cdng dong.

- Ky thuéat quy trinh: day la trai tim cta nganh, bao
gom viéc nghién clru va phat trién cac cong nghé
dé chuyén doéi cac thanh phan héa hoc va sinh hoc
thanh dugc phadm hoan chinh. Céac hoat déng cu thé
bao gdbm céc qua trinh nhu tron, nghién, tao hat, dap
vién, bao phim, déng kho, lén men, tinh ché& va chiét
Xuéat.

Pham vi céng viéc clla mot ky thuat dugce rat rong,
bao gdbm céac linh vuc chuyén sau sau [2], [6]:

- Nghién cttu céng thic va phat trién san pham:
tham gia vao giai doan dau clia viéc phat trién thudc,
dac biét trong viéc xay dung cac hé thong phan phéi
thuéc mdi (vi du: vién nén giai phong co kiém soat,
hé nano, liposome) va t8i uvu héa céng thirc bao ché
dé phu hgp vdi san xuat quy mé Lén.

- Thiét k& nha may san xuét: lap ké hoach, thiét ké,
xay dung va thdm dinh cac nha may san xuét dugc
phdm, ddm bao dong di chuyén cla nguyén liéu,
nhan suva san pham hgp ly (material and personnel
flow), chdng nhiém chéo va dap (ng céc tiéu chuén
phong sach.

- Thiét k& va van hanh thiét bj: chiu trach nhiém lua
chon, thiét k&, van hanh, bao tri va thdm dinh céc
may moc, hé thong tu doéng hoa trong day chuyén
san xuét (may dap vién, may ép vi, hé théng phan
(ng sinh hoc, hé théng tinh loc...).

- Dam bao chat lugng: xay dung va duy tri hé thong
quan ly chét lugng toan dién, dam bao moi khau
trong quy trinh san xuét, tir nguyén liéu thd dén
thanh pham, déu dap (ng cac tiéu chuan chat lugng
da duogc xac dinh trudc.

_Déng g6i va phan phdi: gidam sat viéc thiét ké bao bi
cap 1 (tiép xuc truc tiép vdi thudc) va cap 2 dé bao vé
san pham, dong thdi quan ly cac khia canh ky thuat
cuia chudi cung &ng va hau can, dac biét 14 duy tri
day chuyén lanh (cold chain) d6i vdi cac san pham
sinh hoc va vac-xin.

3.2. Vai tro va tac dong clia nghé ky thuat dugc va
hé théngy té

Ky thuat dugc la déng luc trung tdm cho sy phat
trién clia nganh céng nghiép dugc pham va co tac
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dong sau rong dén hé théngy té qudc gia. Vai tro cla
ho khong chi gigi han trong nha may ma con la nén
tang cho an ninh y té va kha nangti€p can thudc cua
ngudi dan [2].

Nang cao nang luc san xuat quéc gia: ky thuat dugc
truc tiép nang cao nang luc ty chu vé dugc pham
cuia mot quéc gia. Bang cach thiét k& cdc nha may
hién dai va t8i vu hda quy trinh san xuét, ho gitp san
Xuat trong nudc céac loai thudc generic chat luong
cao, thudc thiét y&u, vac-xin va cac sadn pham sinh
hoc, gidm su phu thuéc vao nhap khau va ddm bao
ngudn cung 6n dinh, dac biét trong céc tinh hudng
kh&n cdp vé y té céng cong [7-8].

Dam béao chét lwgng thudc luu hanh: vai trd cua ky
thuat dugc trong viéc trién khai va giam sat hé thong
GMP la yéu t6 quyét dinh dén chat lugng clia moi
vién thudc dugc san xuat. Tac dong clia ho dam bao
rang thuéc dén tay ngudi bénh khéng chihiéu qua vé
mat diéu tri ma con an toan tuyét doi, khéng cé tap
chét, khéng bi nhiém khuan va cé dé én dinh trong
sudt vong ddi san pham.

Thuc day ddi mdi va phét trién san phdm: ho la cau
ndi quan trong giira phong thi nghiém R&D va thi
truong. Bang cach phat trién cac cong nghé bao ché
tién ti€n va quy trinh san xuat kha thi, ky thuat dugc
giup thuong mai héa cac phat minh khoa hoc, dua
céc loai thudc mdi, cac hé phan phdi thudc thong
minh dén gan hon vdi bénh nhan [9].

Toi wu hoéa chi phi va tang kha nang ti€p cén thudc:
viéc cdi tién quy trinh, tang hiéu sut va giam lang
phitrong san xuét gilp ha gia thanh san pham. Diéu
nay co6 tac déng truc tiép dén hé théng y t& bang
cach lam cho cac liéu phap diéu tri trd nén hgp ly
hon vé chi phi, tdng kha néng chi trad cta hé thong
bao hiém vy té va clia ngudi dan.

3.3. Trién vong phat trién nganh nghé

Tuong lai clia nganh ky thuat dugc gan lién vdi sy
phat trién clia y hoc hién dai va chién lugc ty chuy
t€ clia quéc gia, vdi nhiéu co hoi rong ma [11]:

- Viéc tich hgp tri tué nhan tao (Al), internet van vat
(IoT), va phan tich di¥ liéu L&n (big data) vao san xuét
dang mad ra moét ky nguyén mdi. Ky thuat duoc sé la
nguoi tién phong trong viéc ing dung cac cong nghé
nay dé xay dung cac “nha may théng minh”, giam
sat quy trinh thoi gian thuc, du doén 16i va t6i uu hda
hiéu suat mot cach lién tuc [9].

- Xu huéng chuyén dich tir thudc hda dugc truyén
théng sang cac san phdm sinh hoc (khang thé don
dong, vac-xin, liéu phap gen) tao ra mét linh vuc
hoat dong hoan toan mdi va day tiém nang. Ky thuat
dugc sé dong vai trd chi chét trong viéce thiét ké cac
quy trinh san xuét phic tap cho céc san pham nay.

- Sau dai dich COVID-19, nhén thic vé tam quan
trong cla viéc ty chl san xuét thudc va vac-xin da
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tang lénrd rét. Chinh phuva cac doanh nghiép dang
dautumanh mévaoviéc xay dung cac nha maycong
nghé cao, tao ra nhu cau rat l&n vé ky thuat dugc co
tay nghé cao dé dan dat cac du 4n nay.

4. BAN LUAN

Cac chuyén gia trong linh vic ki thuat dugc chinh La
lue lugng nong cot, quyét dinh nang luc céng nghé
va kha nang canh tranh ctia mét nén cong nghiép
san xuat dugc phdm. Ho khéng chi van hanh day
chuyén ma con la nhirng ngudi thiét k&, tham dinh,
cai tién va lam chu céng nghé san xuét, truc tiép
hién thuc héa céc tiéu chudn GMP qudc té.

Tai Viét Nam, sy phat trién chua dong bé gitra ha
tang cong nghé va ngudn nhan luc chét luong cao,
cung vdi do la sy phu thudc lédn vao cong nghé nhap
kh&u. Nhiéu nha may da dau tu hang triéu dé la cho
day chuyén hién dai, nhung lai gap khé khan trong
viéc tuyén dung céc chuyén gia du nang luc dé tdi
uu héa van hanh, thuc hién cac quy trinh thdm dinh
phtrc tap hoac dan dat cic du an nghién cltu phat
trién (R&D) san phdm mdi. Nhin ra thé gidi, buc
tranh nay tr& nén ré nét hon khi so sanh vdi cac mo
hinh phat trién khéac. Tai cac qudc gia c6 nén cong
nghiép dugc hang dau (MY, Duc, Thuy Si, Nhat Ban),
ho da xay dung mot hé sinh thai hoan chinh, nai cé
su lién k&t hitu co va chéat ché gitra Vién nghién clu
- Trwdng dai hoc - Doanh nghiép. Cac chuyén gia ky
thuat dugc dugc dio tao trong moi trudng thuc tién,
thamgiavaocacduyanR&D trsdmvaco motld trinh
sy nghiép dugdc chuan hoa. Ho khéng chi la ngudi
Ung dung céng nghé, ma con la ngudi tao ra céng
nghé (6i, giup qudc gia gilr virng vi thé tién phong.
Trong khi dé, bai hoc tir cac cudng qudc dugc pham
mdi n6i trong khu vuc lai mang tinh tham khao thuc
tién hon cho Viét Nam. An D9, tir mot quoc gia phu
thudc, da vuon lén thanh “céng xudng generic cla
thé gidi” nhd cac chinh sach vu dai manh mé cla
chinh phd va tap trung dau tu vao dao tao ngudn
nhan luc quy md lén, chuyén sau vé toi wu hoa quy
trinh san xuat. Han Qudc lai chon con dudng divao
cbéng nghé cao dugc phdm sinh hoc nhd chién lugc
dau tu' tdp trung clia nha nudc vao R&D va xay dung
cac khu céng nghé sinh hoc quy md lén, thu hut
nhan tai t khap nai trén thé gidi.

T sy so sanh trén, c6 thé rat ra nhirng dinh huéng
phat trién v@i nganh ky thuat dugc tai Viét Nam:

- Su phéat trién clia nganh ky thuat dugc khong thé
chi trdng chd vao ndé luc cha riéng doanh nghiép.
Can c6 mot chién luge quéc gia vdi cac chinh sach
dot phaveé thué, tin dung, va phap ly dé khuyén khich
R&D, chuyén giao cdng nghé va san xuat cac dugc
pham cé gié tri cao, dac biét la dugc phdm sinh hoc.

-DAau twvao con ngudi phai di trudc mot budce: cong
nghé co thé mua dugc, nhung nhéan tai thi phai dao
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tao. Viét Nam can mot cudc cach mang trong gido
duc dai hoc va sau dai hoc cho nganh nay. Chuong
trinh dao tao phai dugc cai cach triét dé theo huéng
ng dung, gan lién véi nhu cau cua doanh nghiép,
va phai dugc qudc té hoa dé bat kip cac tiéu chuén
toan cau.

- Lién két “ba nha” (Nha nudc - Vién/Trudng - Doanh
nghiép) la chia khdéa thanh céng: mé hinh hgp tac
long l&o hién nay can dugc thay thé bang cac co ché
lién k&t sau séc, noi doanh nghiép “dat hang” dao
tao, vién/trudng tham gia giai quyét bai toan céng
nghé clla doanh nghiép, va nha nuéc tao ra hanh
lang phap ly va ngudn luc ho trg.

5. KET LUAN

Nganh ky thuét dugc cé vai trdo néntangva mangtinh
chiénlugctrongviéc ndngcaonangluctwchuva sic
canh tranh clia cong nghiép dugc phdm qudc gia dé
thuc hién va trién khai GMP, lam chd cong nghé va
dam bao chat lugng san pham tir khau nghién clru
dén san xuét. Ky thuat dugc déng gop truc ti€p vao
viéc nang cao nang luc canh tranh clia nganh cong
nghiép duoc quéc gia, ddm bao an ninh y té va chat
luong thudc. DE phat trién bén virng, can c6 su dau
tu chién luge vao viéc hién dai hda chuong trinh dao
tao, tang cudng hgp tac gitra nha truong va doanh
nghiép, va xay dung chinh sach khuyén khich nghién
cltu, phat trién va chuyén giao cong nghé san xuét
dugc pham.
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