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Editorial

We are currently entering the rainy season. The increasingly
severe weather fluctuations and rising humidity may affect respiratory
diseases, such as influenza and dengue fever, as well as gastrointestinal
diseases. Therefore, personal health maintenance must be given special
priority. In addition to keeping the body warm, wearing sanitary masks
in public places, and eliminating stagnant water hazards around premises,
the most critical defensive measure lies in the conscious selection of food,
as well as the rational and proper usage of medicines. These practices
collectively fortify the immune system, ensuring the body is fully prepared
to mitigate any health risks encountered during this rainy season.

For this issue of the Food and Drug Administration Journal,
we have compiled an intensive selection of interesting academic and
research articles that offer great benefits to the Thai public health sector.
Key highlights include globally-oriented systemic discussions, such as
“Medical Device Recall Management in Thai Public Hospitals: Lessons
Learned from International Systems and Policy Proposals” and “A Situation
Analysis and Preparedness for Re-assessment of the Thai Food and Drug
Administration's PIC/S Membership.” Furthermore, this edition addresses
close-to-home community challenges through the article “Factors
Affecting Inappropriate Drug Dispensing and the Impact of Education
and Informative Media on Drug Sales in Grocery Stores,” alongside food
safety surveillance presented in the case study “Tetracycline Residues
in Organically Labeled Pork.” These exceptional works, along with various
other distinguished articles, are bound to broaden perspectives and
elevate the standard of knowledge for all readers.

We wish to express our gratitude to all authors who have
generously dedicated their time and intellect to crafting these invaluable
academic contributions, and to all readers for your unwavering support
and consistent readership. During this rainy season, we send our warmest
care and best wishes. May you maintain robust physical and mental
well-being, remain free from illnesses, and possess the resilience needed
to collectively drive our nation's public health and consumer protection

systems toward sustainable progress.

Thanakrish Prasertsarn

Food and Drug Administration Journal Editor

THAI FOOD AND DRUG JOURNAL Vol. 33 No. 2: May - August 2026
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Abstract

Background: Grocery stores are highly accessible outlets for essential goods and some basic
medicines. However, insufficient knowledge regarding appropriate drug dispensing may lead to
inappropriate practices, directly impacting public health. This study aimed to investigate the
underlying factors contributing to such practices and to identify strategies to mitigate inappropriate
drug dispensing in grocery stores.

Objectives: To examine factors influencing inappropriate drug dispensing in grocery stores and to
evaluate the effects of educational interventions and supporting media on reducing these practices.

Methods: This mixed-methods study was a quantitative and qualitative study from January 2024
to May 2025. It aimed to assess the prevalence and patterns of inappropriate drug sales in local
grocery stores and to evaluate the impact of an educational intervention on improving responsible
drug distribution practices. A total of 329 grocery stores were surveyed across selected areas,
of which 100 were identified as engaging in inappropriate drug sales based on predefined criteria.
From these, store owners were selected for in-depth interviews using simple random sampling,
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focusing on two subdistricts—Hai Sok and Ban Waeng—in Phutthaisong District, Buriram Province,
Thailand. The research was conducted in five sequential phases. Phase 1 involved a comprehensive
literature review, development of the research framework, and the design of data collection
instruments. Phase 2 consisted of the initial data collection, carried out using validated instruments
in collaboration with consumer protection officers at district-level. Phase 3 implemented a structured
training programme aimed at enhancing knowledge and awareness among store owners regarding
the safe use of health products and appropriate drug dispensing practices. Phase 4 involved a second
round of data collection using the same instruments to assess post-intervention changes. Finally,
Phase 5 focused on data validation, followed by statistical analysis to determine the effectiveness
of the intervention and to explore key factors influencing inappropriate drug sales.

Results: The findings revealed that most participants were aged between 41 and 50 years (45%)
and had attained secondary or diploma-level education (50%). A majority of stores were located
within 1-5 km from the nearest primary health care unit or community hospital (67%). Monthly
sales predominantly ranged between 10,001 and 20,000 THB, and most stores operated as retail
outlets (91.00%). The principal source of medicines was licensed modern drugstores authorised
to dispense prepackaged medicines, excluding dangerous or specially controlled drugs (Type 2),
accounting for 45.00%. Analysis of the association between personal factors and inappropriate
drug dispensing in grocery stores showed no statistically significant relationship (p>0.05). The primary
factor contributing to inappropriate dispensing was the absence of prior training or guidance from
health professionals regarding drug use (83.00%), followed by a lack of knowledge concerning
adverse effects or potential risks associated with drugs (76.00%). Similarly, further analysis confirmed
no significant relationship between other factors and inappropriate drug dispensing (p>0.05).
Educational interventions combined with the use of educational media significantly reduced
inappropriate dispensing practices (p<0.05). Specifically, sales of antibiotics decreased by 46.00%,
nonsteroidal anti-inflammatory drugs (NSAIDs) by 44.00%, and other hazardous medicines by 23.00%.

Conclusions: Providing education and educational media is an effective strategy to reduce
inappropriate drug dispensing in grocery stores. Continuous training and community collaboration
are essential to promote safe and lawful medicine distribution on a sustainable basis.

Keywords: grocery stores, inappropriate drug dispensing, health education, educational media
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Abstract

Background: The regulatory oversight of clinical trials of pharmaceutical products is a key
responsibility of the Thai Food and Drug Administration (Thai FDA) as the national regulatory
authority for medicines in Thailand. This function plays a crucial role in protecting the rights, safety,
and well-being of research participants, ensuring the credibility and reliability of clinical research
data used to support drug registration, and facilitating evidence-based regulatory decision-making
throughout the lifecycle of pharmaceutical products.

Objectives: This study aimed to develop regulatory and authorization guidelines for clinical trial
and to strengthen the clinical trial network in Thailand.

Methods: This study employs a combination of descriptive and developmental research. The
framework was based on Regulatory Science concepts, applying the PDCA (Plan-Do-Check-Act)
cycle to analyze regulations and international standards. The study also incorporated the World
Health Organization’s Global Benchmarking Tool (WHO GBT) assessments of the Thai FDA’s clinical
trial functions, alongside consultations with various stakeholders.

Results: The study resulted in the development of a structured framework for the clinical trial
authorization process suitable for the Thai FDA. The framework comprises four key components:

(1) standards for clinical studies conducted to support drug registration, (2) procedures for clinical
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trial authorization, (3) post-authorization regulatory oversight, and (4) regulatory inspection practices
for clinical trials. In parallel, discussions were initiated with relevant stakeholders to establish
a collaborative clinical research network aimed at promoting clinical research activities in Thailand.

Conclusions: The results of this study represent important mechanisms for strengthening Thailand’s
regulatory system for clinical trials of medicinal products. These developments enhance clarity,
transparency, and alignment with international standards, while supporting evidence-based
regulatory decision-making and contributing to the sustainable development of the pharmaceutical
research and development ecosystem in Thailand.

Keywords: Clinical trial, Medicinal product regulatory framework, Good Clinical Practice,
Regulatory science
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Abstract

Background: Rituximab, a monoclonal antibody (mAb), is of significant medical importance,
particularly in the treatment of rheumatoid arthritis, non-Hodgkin's lymphoma, and chronic
lymphocytic leukemia. Since rituximab is produced using recombinant DNA technology, it exhibits
structural heterogeneity and various post-translational modifications (PTMs), such as glycosylation
variants. These variations can directly impact the product's safety, efficacy, and quality. Therefore,
high-accuracy analytical techniques are essential for the quality control of both originator rituximab
and the biosimilars available on the market. The use of UHPLC-Q/TOF MS is a standard approach,
relying on the direct analysis of the molecule's mass-to-charge ratio (m/z) to confirm the primary
structure (based on overall molecular weight) and to characterise PTMs. This method is considered
a standard guideline for quality assessment.

Objectives: This study aimed to develop an intact mass spectrometry method for rituximab using
UHPLC-Q/TOF in accordance with ICH guidelines Q2(R2), in order to establish a standard method
for identity testing and quality control of rituximab at the Institute of Biological Products.

Methods: This experimental research involved the method development through literature review
and optimisation of conditions. High-purity samples of the originator drug and biosimilars were
prepared by desalting and adjusting the protein concentration to 1.0 mg/ml to enhance ionisation
efficiency. Optimal analysis conditions included a reversed-phase column and gradient elution
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using 0.1% v/v formic acid in water (mobile phase A) and 0.1% v/v formic acid in acetonitrile
(mobile phase B). Method validation was performed for key parameters: specificity, precision, and
robustness to confirm reliability. Two other monoclonal antibodies, trastuzumab and bevacizumab,
were used to test the method's effectiveness in verifying the primary structure and PTM data.
The study was conducted from 1 October 2022 to 30 September 2023.

Results: The System Suitability Test using the NIST monoclonal antibody standard showed that
the mass accuracy of the major glycoforms was within acceptable limits (20 ppm), confirming
the reliability of the high-accuracy instrument. Validation results demonstrated: (1) specificity:
analysis of the blank did not show any signal corresponding to rituximab's major glycoforms. The
major glycoforms of the biosimilar were consistent with the originator, with an overall molecular
weight of 147,243 kDa and a deviation from the target mass of only 3 Da, which is significantly
less than the specified limit of £10 Da. Furthermore, analysis of other monoclonal antibodies
(trastuzumab and bevacizumab) did not show major glycoforms consistent with rituximab, confirming
the method's high specificity for rituximalb; (2) Precision: testing for intra-day repeatability and
inter-analyst/inter-day accuracy showed very low Relative Standard Deviation (%RSD) values. The %
RSD for intra-day repeatability was 0.0004, and the % RSD for inter-day/inter-analyst precision was 0,
all of which were lower than the specified acceptance criteria.; robustness: testing by changing
the sample storage time (stored at -30 °C for 7 days) showed that the mass values of the major
glycoforms were not statistically significantly different (p>0.05) when compared to samples analysed
immediately, confirming the method's robustness against changes in sample storage conditions.

Conclusions: The developed UHPLC-Q/TOF MS intact mass analysis method for rituximab
demonstrates high specificity, precision, and robustness. It is suitable for use as a standard laboratory
method for confirming the identity and controlling the quality and efficacy of rituximab before
commercial release. This method is also a crucial tool for assessing the structural similarity of the
primary structure between biosimilars and the originator drug. However, to enhance the completeness
of the analysis, future considerations should include the use of deglycosylase enzyme to remove
sugar moieties, which would simplify the analysis and provide aglycosylated mass data. Comparative
studies with analytical columns from other manufacturers should also be added to increase
operational options and mitigate the risk of equipment shortage.

Keywords: rituximab, monoclonal antibody, primary structure, intact mass analysis

UNANED
anudRey: s13yBus (Rituimab) Wiulululpausausudiued (Monoclonal Antibodies: mAbs) fifiaan
ddymanisunnd Tasanzegrsddunmsinulsadesniaugnnoss uiSsreminaesiiaueu-gondiu
wazuzdadindonvnvindulnledFoss msﬁ%m%LLuuwamﬁaamdu‘lag recombinant DNA dsnaliiiin
anuvanuanglutalassainiaz MssauUasmaenisutasia (Post-translational modifications: PTMs)
LU gULLUUlﬂaIﬂ%La%’u (glycosylation variants) Feondnansznulaenswennulasady Usyansaim
WAZAMNTNYBINAN U ot mamuqmmmwmaﬁmﬁLmuﬁwﬁmméfw,wu (originator) wazeNT¥ing
AdBARA (biosimilars) esmieluriosmann Saianusiluegredaiidoddinaiianisiinsesiiida
wiudgs Mewatia UHPLC-Q/TOF Tngandundnnmsinseisnsdiuananalsey (m/z) veduiana
Tnenss ileBuiulassadnessduigugfinnimdnluananuuasnsaaoudeyansfauamdsnisuasia
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TgUszeaed: HauasnadeunNgnfeaitiinTeviiiaiauysal (intact mass) Y@syAulumemaila
UHPLC-Q/TOF saswinngannaves ICH guideline Q2(R2) wisliilansunasgiulumsisiziiandnual
wazn1smIvAuAmNluiesu URN1S

331153%88: MIToEmnaeetIuIT AT EA L T UN IR SNUTIUI TSN TS UM ANSEATIY
fvangan (method development) lasmswiensegsenfunuuuasendringainenieiiinnuuigrias
HunszUIMITdanEe warnsivuneududulUsiud 1.0 me/ml diefinusyansamnislesslud
anmemeseitiuranyseneuiionisldneduiiviin reversed-phase uag sradient elution el
0.19% /v formic acid Tuth (ardeuit A) uwaz 0.19% v/v formic acid Tu Acetonitrile (Wawndouit B)
N1IATIIADUAINYNADIVDITT (method validation) Anfiunisaumisiiinesvan laud anudnng
ANuTies uarAuAIY WleBusunutndefioradd’ uasfeg1e monoclonal antibody windu 2 ¥in
16w trastuzumab wag bevacizumab dwsuniseaeudseansanlunisnsisaeulassaiieseiulgugl
R]”Iﬂ’tjl;”lviﬁﬂimaqa‘i’.lllLLaS%’ayjaﬂ’]‘iﬁ(ﬂLLUﬁﬂMﬁﬂﬂWiLLUaiﬁ’a (PTMs) fdlums@inunsznineduil 1 panau
2565 - 30 fiugngu 2566

HANSANEN: IINNIVAFDUANUNTBNVDITZUU (System Suitability Test) fea3u1nsgu NIST monoclonal
antibody WUIANANLAAIALARBLUBIIA (Mass accuracy) U84 major glycoforms aq‘tummsﬁﬁaam%ﬂﬁ
(£20 ppm) BsBuduanuindefioveaniesiofifinnausiugigs nansmsaaeunmgNFDIDsIBIans
Thdhuei] (1) mnudunng wuimsasedt Blank linwudaames major slycoforms fidenndesfiu
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major glycoform e 147,243 kDa wazdauuansaaininaivine (target mass) wies 3 Da Fatfounin
nasifiiavun (+10 Da) Tauinsinseilalulaausausufvefvindu ¥un norayguun (trastuzumab)
warU@gusy (bevacizumab) liwu major glycoforms ﬁaamé’aaﬁu’%ﬁg?ﬁl,mu fuduiisiiiinusone
geredyTuau (2) Amnailey wuinmsnaeuauautzalunsvhsngluTufety warauuiug,
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melutufertusiniu 0.0004 uaznsnageuaITisssinei/serineiniingesidien %RSD wihitu 0
Faramaniunasintssonsuiidinua was (3) muaamu Tdnageulasmialdeunlasoguoiiogs
(fiuft -30°C Wuvian 7 Ju) nudenaves major slycoforms hifiauuansseeefiteddaynisadn
(p> 0.05) deUFsuifisufiudiegeiitnsziiud Buduninupmuresizinssidenisdsunyas
ANMENSNUSNYIAIBENS
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fugndringaaienda (biosimilars) 91391AAR
TululnausanoufveffiinuaniBunndafuung
U513 wiseslidwmansenunalssdnsninuay
araaende’ dadu Maieszilassadalusiu
Tunaneseaudadunguadfglunmsauauaanin
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wouRvanvlininwwuugalh (targeted therapy)
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finsldegraunsvanelumssnwilsauziSafinidonam
indulwlediiess (Chronic lymphocytic leukemia)
neSwesndewlnuau-sensiu (Non-Hodgkin's
lymphoma)® wazlsnjuiness (Rheumatoid
arthritis)* nalnnseengvisiensdndufuneuiiau
CD20 vufvesgasuzisuia B-cell lymphoma
Lﬁaguéy’amsm%m@uimLLazamn’mLW‘iﬂizmmaﬂ
waduzise Sydunudulnalalsfiu (Glycoprotein)
fiusznausensnovily 1,328 1 flwiinluana
Uszunad 148 kDa Usgneumaeane Light Chain (LC)
#@09a18 kag Heavy Chain (HC) @avang Fadoude
Ausenusyladalg (disulfide bond) waziing
Lauﬁyjﬁﬁma (glycosylation variants) fiene HCT
Hlaqifu fviee1FuLuy 19U Rituximab Rituxan®
wag MabThera® uazen¥yingaanend Lo Truxima®,
Ruxience® HLX01 way RTXM83 1193mu1elu
iowman>>® Ingusemalvediuuildulunisdndn
wayMSRALHARSuTa ST U1 TInE
\iomuAuAmALazaIALT oL
lundnsiaeienTring andudaing nsuineeans
nsunnddsiinnudndudessnszaunisaiunu
AuAIMAIEIENIRTITITLATE 0 n1sAnunil
Fadenldnaiia intact mass analysis sela3osdie
UHPLC-Q/TOF mass spectrometry Wedasen
londnwalvesdyduny Inslamizeg1sBensing
wIaluanasiu (intact mass) WAzFULUUYBINTT
Annlasnainsuuasiia (PTM) %39 glycosylation
Fadutiedvdfryiionaiinasienisnszdussuugiaum
LLazmiaaﬂqwémaam““ NTUIUNITIATIZA
Suannsidandessnaindiegns (desalting)
nthidinseishe UHPLC-Q/TOF ielilédeya
full MS spectral readout LagUszulananiey
Agilent MassHunter BioConfirm Software 12.0
%dmmimmaﬂﬁiyiyﬁm multiply charged MS peaks
Tegluguuuuiidlalddetu (deconvolution)
Lﬁamﬂ'nmaimaqaéum glycoforms lazn1sanLUas
M99 WanN15ANwINY glycoforms nan 1eikn GOF+
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intact mass fanunsaldUssduauanysaives
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Tnssafreseiuugugll wazduduneailodiny
lunsniaaeulenanvalvese¥ringadeadeiu
g1duuuy Jadutiadvddylunismunuauniw
wazlsedvin nvesdnsiueineussngnain
InguszaenA

1. Wloviamnuazviadeunugnsioswes
T8 intact mass lngldinalin UHPLC-Q/TOF dmisu
mMylnTeiiendnuaivesyiuiuliansayszdiy
lassasdluseauluanavesnindaminetagnios
wazusiugh

2. o35 intact mass Mianuds anld

Juisuesgluiesufifinis dmsuniseuau
ANNVRITYTULIUNDUBDNENAA

32 U8UITNTIVY
75730

msseilifunsisedmases (experimental
research) LﬁaﬁmmLLazmsmaaummgﬂﬁawaa
TharzmendnualveenTyTuiumemaila intact
mass spectrometry #11LINIVBN ICH guideline
Q2(R2) Fasnfiunsseninetuil 1 nanau 2565 -
30 fuB18u 2566
nguA29E19

d13179957U NIST monoclonal antibody
reference material 8671 (NIST mAb) lot:
14HB-D-002 s lafdwsunmaeu system suitability
e eFukuULare T ingaaenduilnTydusy
ldlunsmaaeuaNgneawedis wioumediieg
monoclonal antibody ¥fiadu 2 ¥iia lewn
trastuzumab tag bevacizumab dusun1mageu
specificity
Fangunsaluaziniasile

1. w3esile 1¢un High Performance
Liquid Chromatography fvio Agilent iq"u Infinity
1290 UHPLC system (UHPLC-QTOF) TiAs1¢9ina
paelusunsu Agilent MassHunter Bioconfirm
Software 12.0 Lﬂ%ﬂi’ﬂﬁ’]mi@mﬂﬁuuawﬁm uv
ARdulyila PLRP-S column wunawdusuaudna

2.1 9713 50 mm YU particle size 5 pm Wag
pore size 1000 A e Agilent viserfisuwin 1a3es
ThermoMixer Lﬂ%‘@dﬂgum%&mmummL%’JQQ
AIUANEMNYI WAz Amicon Ultra 30K centrifugal
filters au1m 0.5 ml w3ou collection tube d1usu
N99a15

2. asindl Toun Acetonitrile (ACN) LC/MS
grade (Optima), Formic acid, LC/MS grade (Optima),
13;’] LC/MS grade (WATER FOR CHROMATOGRAPHY
LICHROSOLV) wag isopropanol LC/MS grade
(Fisher Chemical)
TunBuNISANY

1. N1SLATUADYUALEITUIATFIU
\399E5U9IPIUALAIE N ITT Sl USRI
1.0 mg/mL Faeth MS grade ntinns desalting
waviFeanslifinnnududu 1.0 me/mL Snads
Aewiuldrndnasiieldlunsiasei

2. MINAFDUANTIZYRY Q/TOF fildly
M3ANE13S intact mass AaFnANITTENATDS
Q/TOF Lﬁa%ﬂﬁmmLLJJuE]"lLLasmmazLﬁamqﬂ
Tneimungamgiivesfiei 350°C nsnnsiva
84 drying gas 13 L/min uiadnedsii 922.0098
dmsunsusuiisuanalnuansinsemduuy
extended 10,000 m/z ﬁ?fdﬂsamqwdwma m/z
100-1,700 ﬁﬁm’]milﬁuﬁaga 1 spectra/sec
wingausemaTeilassadisluanadvaneg

3. N19ASIVFEDUAMUNIDUVDITZUU
(System Suitability Test) 1113 tuning TECR
Q/TOF Ing@uas theoretical Wag actual mass
Aosunnaanuliiiy £0.50 mass'® LagA1 resolution
Fadlaitionni 8000 Mndunnaetinglfansinasgu
NIST monoclonal antibody FwTeulifianududy
1.0 mg/ml (1un5 desalting) Aeudaiina3as
UHPLC-Q/TOF lnaa1vas theoretical ey actual
mass Aor19AulIAY 20 ppm

4. thansumsgiusaziegaiieseuly
Sad1A309 UHPLC- Q/TOF wialadoud A fe
0.1% v/v formic acid luth uasiairdend B fe
0.1% v/v formic acid Tu ACN Tgtianlunisiiaszi
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10 witdens3nans 1 ads Tne eradient elution
3u91nea A 90% uaz B 10% wazUsuiduina A
10% waz B 90% anelu 10 Wi fisnsnisina
0.3 mU/min gaugiinaand 60°C USuauansdn 1 pg
A599TATiANE1IARY 258 nm NaN1SIATIZ
Usgunanay Agilent MassHunter BioConfirm
Software 12.0 lngWa158U1AT mass VDI major
glycoforms Tusagng

5. MSWAUIIS (method development)
FuannisfAnwangivangay Tagsjadu
miLm%méhafJ'N‘LﬁﬁmmﬁqméqaLﬁaamé’iyzywm
sUnIU Yuusnazaresedidui 91ntuside
\NGeRanMEIs desalting wazUSuanuidududu
1.0 mg/ml Fereifinyszansannislosslud
(ionization) LATAANANTZNUINLNADNIOATVIINK
WENTIU (excipients) fio19sUMUMTIATIEEE
mass spectrometry uaﬂmﬂﬁ lafin1sinvun
anududulsfiufivangaude 1.0 me/ml wieli
Iedanaditaaulnghivhlirediniianzdu
(column overloading) nsuenasldmeauiuin
reversed-phase wieuufuiteuls gradient elution
WiminzauiunnauRveswieg gavneuiuante
ToUAT0 Q/TOF mass spectrometer Wiolildna
mﬁmeﬁﬁﬁmwmmuﬁmazﬁﬂL‘W’lzgq

6. N1SNATIUAIIUYNADIVDIIT
(method validation)

6.1 NTNAFIUAIUTUNIZUDITD

(specificity)

6.1.1 JiA12% blank Liensiadeu
anuansalunsuenansneldannefirnun
Fasaslainu major slycoforms fldenadesiiu
glycoforms ve4fo8143YTUUY

6.1.2 IATITUAIDLNLIAULUY
3yBunuuazinogseTaingadiends Bvie A
(mADb A) TiwSealiiuSunalusiiu 1 me/ml wax
wonarsneldaniedifanua A5y major
alycoforms TidonAdoefusEnIIeefuLUULAL
mAb A Tag mass uaz target mass U89 major
glycoforms (highest abundance) Tugnauluu

wag mAb A snaiuliiAy £10 Da (muwnguai
mmgﬂéfaﬁaam%”ulﬁ)

6.1.3 Aanzisiegslululaauea
¥iABUT 19U trastuzumab wag bevacizumab
wonneldanisfinivun Sedeslinu major
glycoforms Viaamﬁadﬁ’waaﬁ’;a&i’lﬁmﬁl,l,uu

6.2 NMsNAdEUANLLIB (precision)

6.2.1 myassimeluuiei
(repeatability) AAT123HI0819 MAD A 97UU 9 %
meluTufgaiunazan1edediy 1Al mass ved
major glycoform (highest abundance) 1AW
A1 %RSD Fesosfianlaiiiu 2 aunaeidirnue

6.2.2 N5ILATIERBIENTULAY
ANUNIATIZI (intermediated precision) A1z
Fre819 mADb A $117u 3 91 Tnenadourieiy
Wuan 3 Ju leedndasiedt 2 au diA mass
Y84 major glycoform (highest abundance)
WAIWINAT %RSD Fedosiianlaiiiu 2

6.3 NISNAFDUAIMUAINIUVD SIS
(robustness)

FATEAHENTENUNNASAUSAW
fens Tagtdegne mAb A TiwSeunadaiinmue
Tuiulifgaumgi ~30°C Wunan 7 %u wagyiins
Jips1eieneTu $1uau 3 U Suay 3 91 9ntuth
AL78989 major glycoform (highest abundance)
AR %RSD dedasliitiy 10 wenani
AU IUBUNANITIATIERTENI A0S
FAuls 7 Susushegaidmseiiud
nsaAssideya

Wnwideyadesina Iadadmssomn
(descriptive statistics) wazldaiia independent-

sample t-test

NaNISANEN

1. AMUNFBUVDITTUU (System Suitability)
nnsUSudan (tuning) 1A384 Q/TOF

WU theoretical mass 118.086255 $iA1 actual

mass WU 118.086244 Faflanuuansialyiiiu

+0.50 mass kagilAn resolution indu 11,335
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sgandAriundusiii 8,000 uansliiuiiszuy
mass accuracy ka resolution Adulunnsnna

. D 2

mualoin1TInIIzYiNG deconvoluted mass
spectrum ¥B9A130103571U NIST monoclonal
antibody WuU11 major glycoforms laun GIF +

GOF, G1F + G1F way GOF + GOF IﬂEJﬂl’]iJ’Ja‘ﬁl"fﬂ
IATiANLANAI9970 target mass WU 8 ppm,
5-6 ppm way 9 ppm Aua sy Jeliiiunoue
Firousuld (+20 ppm) TeaviBuauandunsed 1
wagNnUed major glycoforms l,l,amﬂugﬂ‘ﬁ 1

A15797 1 wan1sva@au NIST monoclonal antibody

Glycoforms Target mass Inject Mass Diff Specification Result
(Diff Bio, ppm)

G1F + GOF 148,202 1 148,203 8 +20 ppm Pass
2 148,203 8 +20 ppm Pass

G1F + G1F 148,364 1 148,364 5 +20 ppm Pass
2 148365 6 +20 ppm Pass

GOF + GOF 148,039 1 148,041 9 +20 ppm Pass
2 148,041 9 +20 ppm Pass

|_I.I.i_I_I.I.LI_'I.'| LR A N | l.I_I_'I;LI.I_'I.l."_

iy —
™ (== ™ m mm

L - e —
™= r = -

g‘ﬂﬁ 1 Deconvoluted mass spectrum Ua3d13
1IR3 NIST monoclonal antibody

2. ANUINNIZVDIIS (Specificity)

A51980UANNT NN LAEATIZ blank
wu31kiusIng) major slycoforms fidonndesi
faee SnTuuulugieAl deconvoluted mass
Y1319 146,400 — 148,300 Da mauaméﬁgﬂﬁ 2

A8 MAD A WguLiisuiugauluy
WU major glycoforms AAaanAdediy NaLana
é'f\‘igﬂﬁ 3 AWy mass U8Y major glycoforms
fAnAU 147,243 Da uay target mass dALYINAU
147,240 Da wan@nafu 3 Da @laiiiu +10 Da
Fauandlumsed 2

g‘dﬁ 2 Deconvoluted mass spectrum U89 blank
Wiguieuiumeg 193y auay

T mrar s e faem

U 3 Deconvoluted mass spectrum UBIRIBEN

a

3
v
FTYBWNUWUSEUTBUTENING mAD A Uage1duluY
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A15199 2 NANIFILATIZY mass MFAIBE19 MADb A LazeIAUKUU

Times mAb A (rituximab biosimilar) g1R UL (rituximab originator)
Items 1 2 3 1 2 3
Mass (Da) 147,242.0 147,243.0 147,243.0 147,242.0 147,243.0 147,243.0
Mean (Da) 147,242.7 147,242.7
Target mass (Da) 147,240.0 147,240.0
Difference (Da) +10 Da +10 Da

wazilloasgmegslululaausaleufivedudn trastuzumab Wag bevacizumab Wui1 major

slycoforms lalaenadaariuiiagreemuuuuinduuulugiem deconvoluted mass 581313 146,500 -

148,200 Da NaLLamﬁqgﬂﬁ il

1§l

ey

L sy s

a

Y
LY 1

#1989 bevacizumab (B)

3. Aaufiesasds (Precision)
ANNWANITILATIZHAIBE19 MAb A
Frnelutuieniu (repeatability) wuinen mass
994 major glycoforms WU 147,242.4 Da lag
fiAn %RSD Wiy 0.0004 Fadulumannasiditmun
drunsusziiunnudissseninsTunassening
1UNIAS189 (intermediate precision) WUI1A1 mass

mrm

g

T = ot Pt |

3UM 4 Deconvoluted mass spectrum 8457081959 FUuuIBUTIEUAI8E trastuzumab (A) wag

999 major glycoforms Ay 147,243.0 Da
wartloSEULNgUNANISIASIZVAINTNIATIEN

o

Naosau nualdfinuunnansegrsfidedany
1AYNISNAABUTENINTTULALTENINITNIATIEN

A1 %RSD WiNAU 0 LAMIDIAINAITIVDINATNG
WAENIINTTABVDITBLANAINN FIATNT 3

M15199 3 NSNAFBUANLLNLIN18TUTILAEINULAZA1ITY 910U 3 TU LAgunILAsIeY 2 AY

Parameters Actual Mass (Da)

1. Repeatability (system precision) Mean 147,242.4

(n=9) SD 0.53
%RSD 0.0004

2. Intermediated precision Mean 147,243.0
%RSD 0

- Between-analyst 2 analysts (n = 18) Mean 147,243.0
%RSD 0

- Between-day 3 days (n = 9) Mean 147,243.0
%RSD 0
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4. AMUAWNUVDIIS (Robustness)
dlevhnsussifiunansynuvesszezia)
mstﬁ‘u%”ﬂ‘méhasi’lﬁwﬁuuuﬁ’wﬁmmﬁuuwLLaz
177 TngAdEnaa (mAb A) igamgdl -30°C 1y
e 7 Sy Aeuthuieseyt wuieveaesin
Hrunauafifvun Tneedusuuien mass veq
major glycoforms WU 147,242.4 Da (%RSD =
0.0004) Tuwauzfl mAb A fifn mass vas major

A15199 4 HaruAIMUYeIsladsusraslunisiiusnesiedeiwIeulinauinlUinsiy

glycoforms iy 147,243.0 Da (%RSD = 0.0006)
WalUTauLiaum1uIawe9 major glycoforms

a

ndregiAuly 7 Sufuaniizund neldada
independent-sample t-test fiszsuanudesiu
95% wunhifiauunnaseeedidedngmnisana
dmsumenduuuy (p=0.13) war MAb A (p = 1)

FIANS19N 4

&

Mass (Da)
Juil afadi g1duRuY mAb A
219619819 0 Fu @1gAlad1e 7 du 219619819 0 Tu @Al 7 du
1 1 147,242 147,242 147,243 147,243
2 147,242 147,242 147,243 147,243
3 147,243 147,242 147,243 147,243
2 1 147,242 147,242 147,243 147,242
2 147,242 147,242 147,243 147,242
3 147,242 147,243 147,243 147,242
3 1 147,242 147,243 147,243 147,244
2 147,242 147,243 147,243 147,244
3 147,242 147,243 147,243 147,244
Mean (n=9) 147,242.1 147,242.4 147,243.0 147,243.0
SD (n=9) 0.3333 0.5270 0.0000 0.8660
%RSD (n=9) 0.0002 0.0004 0.0000 0.0006

PIRULUY rituximab; p-value (0.13), mAb A; p-value (1)

uanaNiiiiew13s intact mass Aku
NMINTIVADUANNYNABIVDITT 1 nAdaURUAIBENS
s iingednensdylununnumedeiitunsdeu
ludssinelneg wuindgdenanaiunsaldlunis
Ansziiendnualvesendringaaneafsn iy
yousazivioldaeiiuszansam Tnenwuin major
slycoforms fmnuaenndesiu fuanslugud 5

aAUs1uNa

Intact mass nAfln UHPLC-QTOF 1Ju
Fuisliluneneilasaiesesugugily
recombinant monoclonal antibodies LﬁaLfJu
A1sguduisusedndnniazalulasnieves

WAt Fdanusossyiendnunivesinegild
Pnmslesginalianasuuazsiavesima
ARnTusnnsEUILAS glycosylation Fudutlady
dinidsnasronnanTRvondnsias
TunsimunBlmssruasfnwirugnsies
vesiEndeil erldemududuresinognsiyiuuui
1 me/ml iellédayayias m/z fvangaudmsu
Msiases wonanillgiinislénszuiunis desalting
\ieanransgnuanduUsEna LTS Ndude
excipients 19U loifeudnse waz loheunaslsn
flonsumunisasataleosu®® Fauumneil
A9AAADINUINUIBVDY Francisco C. Perdomo-
Abundez wazAny!® fis1891u31n1514 linear
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[P SR |

Coondu

Comamdy

[t s N PR |

g‘l.lﬁ 5 Deconvoluted mass spectrum 94610819
e1T7IngAReASATYTUNLETe 1 (A) 8% 2 (B)
wazdvie 3 (C)

gradient ¥84 acetonitrile 33U 0.1% v/v formic
acid @nsafdn excipient lapgnsdiusyansnmn
a'amaiﬁé’zyzywmammaLﬂﬂm%’mﬁmm%’wLf\]uumﬁu

NFUTTHIUAMUIAINZANTBITEUU (system
suitability) ¥lagnns tuning w3esilonewiinsiei
ynATa wuiilen mass accuracy WWulunaineut
Anun kazdin153LAI1ERa15UINIFIU NIST
monoclonal antibody Fa.0u recombinant
humanized 1gG! findnTuaniiteldlunisyszidiu
UszAnSamuesismmaaeu nadnuazniuall
nunmuaztiidndveslululaauoaloufivad
ey deconvoluted mass spectrum Ausdn

ausaldo19dela !’ lneanan1s3LAs1Es major

glycoforms ¥@4 NIST fioanseiugilouagnan
in3outlotinse® uagliaunainndeuvesia
(mass accuracy) N8l £20 ppm dzvioufianlnu
indefiovesieyauaziaiesiefisl mass accuracy
ganganludgmiumsinsen®?
AMTUNMINAFDUATINYNABIVBTIS AN
AUV ICH Q2(R2) guideline® nan13finwn
AL uzLandliiu '%mfﬁt,muﬁ"’wﬁmnﬁmwu
ware1Fringaaneads dua mass Y89 major
olycoforms Tidenndosiiu léun GOF+GOF, GOF+GLF,
G1F+G1F %39 GO+GO lag mass U4 major
slycoforms veseduuuy fien 147,242 Da Fudhily
lufirmafeniunan1s@inwiain Othman Montacir
wazauz!! uwansliiiuinenfunuunazendying
dnondsilnssaisgunifindiondaiu?! luvaed
blank wavsegelululraueasindug 1wu
trastuzumab wag bevacizumab lainwu major
glycoforms ﬁmmﬁu%u%umLtamdﬁﬁﬁﬁmmﬁwL‘ww
fulululaaueaneufvenviinsnduuusgetniay
n1svegeUAILiBslaenITIATIEN
§ret1e mADb A $1u3u 9 S1luTuieatu uay
Sipsevidn 3 Ju Tnedndasesd 2 au wudild
ANNLANAIITBINTTIATIE RN TuTUABIAY
FEINNIU UazIEINUNIATIZY laedlal %RSD
ogluinausiiidivun uanaIsiinruniiosgs uas
nEanIsNegeuAIiisdtaetindased 2 Au
WU %RSD = 0 ansaniatulins e nadnsaild
Pnindeseitidensaiunnan deaviauds
mmﬁmmaqwaﬁ% wazAMERETveATesTle

Tuuiinnisiwmsiervinlmianadwsnnsaiule

Y

agnalsAmunadnsiidunsianizanndlogng

'
P

wazan NNINadeUAwanzau llaunsafeidu
ﬁﬂﬂﬂﬁﬁqiﬂﬁ’lu%’unﬂﬂﬂﬁmiwﬁ
AMSUNSNAFBUANUAINUVBIIDUATIEN
Tnefnwfeogamdinnnseseunuisitvun
wagiiul3gamgd -30°C Wunan 7 $u wudn mass
299 major glycoforms laifimuunnmtsesed
TedfdlewSeuiieutiuanmsund Fedusuls
Wilamnsossyondnuallululrausaueufived
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yipdyBuald wifuinusegielite 7 fu sl
iodassanmensufiRnuiieraiitesiasunm
U msdamssnslfiaiesdle sudstediinsu
nMseIeuAunTenyeaA3es UHPLC-QTOF
fifeafin139i1 system tuning wag calibration
Wuszeznn 7 uneunsldinu uaznisiiviedig
fgampidnviitedusuidetisdindinmuaios
wikunszuIuns desalting Aidinnsidnanseas
Tu formulation buffer sanlyd n1stiusiagns
fgauvndmtngliifegiadenanmilesigauas
lidawansenusionugneieavenanIsnagey
TunsnausunsAnuiidesadniies
$rurusesne iesanluvmzduanunsntudi
fetnawes Sydunuiidslinunengleifie 1 84
vilvinsmageumLiesuagnsUsedfiuniny
adondsdifnegianeiogisiafes iesan
megredadusmunuiaviaddodialunis

vy
[ o

Sadeuiin aghslsAmunsanuiluadeiiinmuans
TAdufernumizauwazauLiuggae93s
intact mass Tun153Asgionanuaivete) fos
dle3fnaiunisasvaeuauldldug Jeld
g lUlFiinseiieddyBuudiosun Wik
8n 3 Beiilasumstunsdovludsemalne wui
§l major glycoforms fidanadaafuenduLUy
FavsietnTngadsadanandidnuaznig
Tassasreiilngidstuy

WHT intact mass awnsalfifuedesie
WIguiguANUAEATIvRINTIINgARIEARIU
guLUU agnslshmumsinwladedug Wiudy
LU ANUUANANTBINTAALUaINaINISILUa T
deamination, oxidation ¥58 NMsnaaeuluan1e
Fuansneiy wazfinisAnw3Fiasest intact mass
Y94 deglycosylated rituximab diewFeuiiiey
mmmeﬁwwaﬂmdmLaqawﬁmmﬁmﬁﬁmaaaﬂmﬂ
Tnsaas Seazthoiindoyadmsunsssyiendnval
Yowdndue wasdudnuuimeniidlunisiuiu
AVIUANEARTENINEPLLUUA VAT IngA1e AR
Iumiﬁﬂmﬁﬁmﬂ%ﬂaé’uﬁmiwﬁmﬂ{{mamﬁm

eifen Georadudedrialunsdiiineuddn
Tumsvudwiensvganandudi deu Tuaunag
msAnwAeduianguanseduiuni ey
ymadentumsliiuuarasanudeainnsmaeey
gunsaifdudensiinses

dyuna

A153LA31EN intact mass laawnaiia
UHPLC-Q/TOF 1{uAsiifimdimzuazia
eags wngdmiumsuduiendnuaivedyduuy
¥ogausiug waiatdieliannsansvaoy
InssasnsauUgugivessnTunuuwazanansalhiiy
BnasgruluiosfiRnsiioatuayunsussdiy
Usgandamuazainulasndeveerdusiogy
wonanil ethludsegndsuiunsiiamesidun
U peptide mapping Azgaewiiuanusiulalunns
fuduendnvalvesiyduuy waziluusslonise
N tunsguIunndnldeg1aliuss@vznn

YDLEAUDLUY

1. suwmadiadwsigianansaldiouleyd
deglycosylase Lﬁaﬁmmgﬁ’]maaaﬂ YIuanAIN
Fudaulunisinszinalunsdififesnismsiu
walmanaruilifvainia

2. lunsAnwadednluenatiinsuau
Soneduifitunl4lun1s3imszyt intact mass
WiolSeulflsuiuaauuanaessni1edie
wazaunsatuldnawnuldlunsdfisweidu
NYANITNER

naAnssNUTTAA

VBV UAMK I INITIUATNGUNTN A9
walulaBTinmiitonsinw Alvidusnwuas
nmsafuayuuieadeiuduataldfesusan
lassnsiaunAneninviesd UAnisaIuauAmnIm
ioatuayun1sRAUININT§IUN1SNEAREN
Biopharmaceutical U94nSHANYIAEATNITUNNE
NIENTNANTITUGY
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Abstract

Background: The Thai Food and Drug Administration (Thai FDA) was admitted as the 49" member
of the Pharmaceutical Inspection Co-operation Scheme (PIC/S) on 1 August 2016. As a PIC/S
Participating Authority, the Thai FDA is subject to periodic re-assessment to ensure that its Good
Manufacturing Practice (GMP) inspection programme remains in strict compliance with PIC/S
requirements and demonstrates robustness, consistency, sustainability, and equivalence to
international standards. Accordingly, a comprehensive situational analysis and structured preparedness
strategy are essential to effectively support the PIC/S re-assessment process.

Objectives: This study aimed to analyze the current situation in order to identify overall gaps across
multiple dimensions in relation to the PIC/S re-assessment criteria and to determine the extent to
which existing practices remain in full compliance with PIC/S standards. In addition, the study
sought to synthesize a comprehensive conceptual framework to guide the Thai FDA’s organizational
preparedness for PIC/S re-assessment.
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Methods: This research employed a qualitative documentary research design comprising two
principal phases. First, the current situation was analyzed against the PIC/S re-assessment framework
using three analytical tools: SWOT analysis, gap analysis, and the Plan-Do-Check-Act (PDCA)
continuous improvement cycle. Second, the findings were synthesized to develop an integrated
and organization-wide conceptual framework encompassing all institutional levels to support
systematic preparedness for PIC/S re-assessment.

Results: The study found that the PIC/S re-assessment framework comprises 11 main elements,
38 sub-elements, and 78 indicators. Notably, 8 sub-elements are identified as "Critical Indicators,"
which require 100% ecap closure. The situational analysis indicates that the Thai FDA has evolved
from "system establishment" to a level of "Regulatory Maturity," driven by risk management and
a concrete Quality Management System (QMS). However, the gap analysis highlighted key areas
for improvement: (1) legal authority disparities between the Drug Act and the Herbal Products Act;
(2) human resource constraints regarding specialized expertise in Advanced Therapy Medicinal
Products (ATMPs); and (3) the necessity of updating GMP standards to the current version (PE009-17)
and enhancing the project-based conflict of interest recording system. For the operational framework,
the research synthesized a four-tier model (i.e., Strategic Direction, Standard Comparison, Operational
Excellence, and PIC/S Indicators) along with a strategic roadmap and practical recommendations
covering from policy to practitioner levels.

Conclusions: PIC/S re-assessment serves as a quality assurance mechanism to verify that member
regulatory authorities continue to maintain GMP inspection systems aligned with PIC/S requirements,
thereby promoting harmonization and mutual confidence among member authorities. The re-
assessment of the Thai FDA is not solely to confirm formal compliance with PIC/S criteria, but also
to ensure that its GMP inspection system remains robust, consistent, sustainable, and internationally
comparable. Furthermore, it reflects the Thai FDA has transitioned from compliance-driven inspection
to a mature, risk-based, and quality-system-driven inspectorate aligned with PIC/S principles.

Keywords: PIC/S, re-assessment, good manufacturing practice (GMP), GMP regulatory compliance
programme (GRCP)
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Abstract

Background: Antibiotic residues in meat products are a major food safety concern, as they may
cause allergic reactions, disrupt gut microbiota, and contribute to antimicrobial resistance (AMR).
Organic pork, in particular, is marketed with the expectation of being free from antibiotic residues.
However, gaps may exist between consumer expectations and actual farming practices.

Objectives: This study aimed to (1) determine the presence of tetracycline group residues in fresh
pork labeled as organic in Pathum Thani Province, Thailand, and (2) examine farmers’ practices
regarding antibiotic use and withdrawal period compliance.

Methods: A mixed-methods design was applied. Fifty fresh pork samples were randomly collected
from supermarkets and retail markets. Samples were analyzed using a preliminary antibiotic residue
screening test kit developed by the Department of Medical Sciences, Thailand, which detects
tetracycline, oxytetracycline, and chlortetracycline (Limit of Detection: 100 pg/kg). In addition,
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five swine farmers were interviewed using a semi-structured guide to explore their use of antibiotics
and perceptions of organic production standards.

Results: Antibiotic residues were detected in 3 out of 50 samples (6.0%). Positive samples were
found in the northern, southern, and western areas of the province. By outlet type, 2 positives
originated from retail markets and 1 from a supermarket. Qualitative data indicated that while
farmers acknowledged the restriction of antibiotics in organic systems, some still administered them
in emergency cases and incorrectly believed that a 7-day withdrawal period was sufficient, contrary
to recommended standards.

Conclusions: Although the detection rate was relatively low, the presence of residues in organic pork
underscores gaps in certification, compliance with withdrawal periods, and supply chain monitoring.
Strengthening organic certification systems, traceability, and farmer education on responsible
antibiotic use is urgently needed. Given the limitations of screening kits, confirmatory laboratory
methods should be used in future studies.

Keywords: Antibiotic residues, Oxytetracycline, Organic pork, Chemical-free pork, Food safety,
Withdrawal period compliance
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Abstract

Background: Empowering grassroots food product entrepreneurs through a structured network-
building process plays a pivotal role in community economic development and upgrading product
standards to comply with legal mandates, such as the Food Act B.E. 2522. Although the operational
model implemented by the Surat Thani Provincial Health Office has achieved recognized success,
including helping entrepreneurs secure the FDA Quality Award, comprehensive systemic evaluations
regarding the limitations and operational impacts of replicating this model in extended external
areas remain significantly scarce.

Objectives: To study the problems, limitations, and network development models, as well as to
monitor, evaluate the success, and compare the effectiveness of the model for promoting network
creation among grassroots food product entrepreneurs between groups within and outside Surat
Thani Province.

Research Methodology: This study was a research and development (R&D) project that applied
Stufflebeam’s CIPP model evaluation model across four core dimensions: context, input, process,
and product A mixed-methods approach was executed between January and March 2026. Qualitative
data were elicited via semi-structured interviews with a purposive sample of 27 government
executives and officers. Quantitative data were compiled using a 5-point Likert scale questionnaire
consisting of 73 items (Content Validity Index, I0C = 0.98; Cronbach’s alpha reliability = 0.92)
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administered to 185 grassroots food entrepreneurs. The quantitative sample was divided into
113 intra-area participants from Surat Thani Province and 72 extra-area participants from Bangkok,
Nakhon Si Thammarat, Ranong, and Pathum Thani provinces. Data analysis involved descriptive
statistics, content analysis, and the Independent Samples t-test with the statistical significance
threshold established at 0.05.

Results: Qualitative findings revealed that major operational constraints were heavily synchronized
between both groups across four primary issues: (1) financial liquidity shortages and revolving fund
constraints, (2) poorly defined organizational structures stemming from an over-reliance on kinship
systems, (3) digital marketing limitations with distribution mostly restricted to traditional markets,
and (4) technological literacy gaps. To achieve sustainable self-reliance, capacity building must
encompass five key pillars: production technology/innovation, economics, natural resources,
psychology, and transparent social participation. The overall evaluation based on the CIPP model
demonstrated high-level performance across all dimensions. However, comparative analysis
indicated that the intra-area group in Surat Thani Province achieved significantly higher mean
implementation scores than the extra-area group (p < 0.05) across all evaluated fields: Context
(mean = 3.88 vs. 3.53, p = 0.00), Input (mean = 3.88 vs. 3.43, p = 0.00), Process (mean = 3.85 vs.
3.54, p = 0.00), and Product (mean = 3.86 vs. 3.62, p = 0.00). Notably, the competence and quantity
of personnel in the intra-area group were rated at a high level (mean = 4.14), whereas the extra-area
group was rated at a moderate level (mean = 3.36).

Conclusions: The network-building model yielded a high level of success, with the intra-area group
displaying superior outcomes due to geographical advantages and close interaction with a localized
mentorship system. The principal driving success factor was the delivery of institutional knowledge
regarding food regulations, manufacturing hygiene standards, and accurate food and nutrition
labeling, which directly fostered regulatory compliance and consumer safety. Policy recommendations
advocate for the institutionalization of localized, specialized advisory centers and area-based
mentorship mechanisms to eliminate model dilution during scaling-up processes.

Keywords: monitoring and success evaluation, food entrepreneurs, grassroots economy, CIPP model
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HanfasiensITAuASEgRagIuIIN 2. lasueyn
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15 segng dulugldu inane Sewaz 53.33 01y
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Uady - -
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Abstract

Background: Non-vitamin K antagonist oral anticoagulants (NOACs) are increasingly used as
alternative to Warfarin because they do not require routine international normalized ratio (INR)
monitoring and are less affected by dietary vitamin K intake. However, appropriate NOAC use
requires careful consideration of approved indications, dosing regimens, renal function, drug-drug
interactions, and anticoagulant switching patterns to prevent adverse clinical outcomes.

Objectives: To evaluate the patterns and appropriateness of NOAC use regarding approved
indications, dosing regimens, and anticoagulant switching among outpatients.

Methods: A retrospective, descriptive study was performed through the analysis of electronic
medical records. A total of 359 outpatients who received Dabigatran, Rivaroxaban, and Apixaban
at Prapokklao Hospital between 1 January 2017 and 31 December 2023 were included. Data were
analyzed using descriptive statistics. The appropriateness of NOAC was assessed based on indication,
renal function, age, body weight, and potential drug-drug interactions.

Results: Rivaroxaban was the most commonly prescribed NOACs at 49.58%. Regarding the
appropriateness of prescribing according to approved indications by Thai Food and Drug Administration,
the primary indication was stroke prevention in patients with non-valvular atrial fibrillation by 84.68%,
followed by treatment of venous thromboembolism at 9.47%, while 5.88% of prescriptions were
considered inappropriate indications. Dabigatran demonstrated the highest proportion of appropriate
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dosing at 65.88%, whereas Apixaban showed the highest rate of overdosing by 18.75%. Potential
drug-drug interactions were identified in 20.6% of patients, most commonly with Antiplatelet agents.
In addition, 22.35% to 38.76% of patients could not be evaluated for dosing appropriateness due
to missing renal function data in the medical records. Thirty patients underwent anticoagulant
switching, of whom at 93.33% were considered appropriate, including switching from Warfarin to
NOACs when INR was < 2.2 or switching between NOACs according to clinical indications.

Conclusions: Most NOAC use was consistent with approved indications. However, inappropriate
dosing, particularly overdosing with Apixaban, and incomplete renal function monitoring were
identified. Strengthening clinical decision support systems and enhanced pharmacist involvement
may improve the safety and appropriateness of NOAC use.

Keywords: non-vitamin K antagonist oral anticoagulants, appropriateness, renal function, drug-drug
interactions
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