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Editorial

The COVID-19 pandemic has not only caused economic recession due to an
uncertainty on diverse conditions and stability but also has created a great reset
for sustainable development. This relates to friendly environment, equity, and
information technology for transitioning to reach true balance of development.

Despite all the uncertainties the Journal of Chulabhorn Royal Academy (JCRA)
hasmaintained its standards of dissemination onaregularbasis,as exemplified by
this Volume 3, Number 3 (July - September 2021). In this issue there are articles
related to common diseases such as heart disease, cancer, and epidemic infectious
disease. These articles place emphasis on health continuum; prevention, investigation,

therapeutic and rehabilitation.

The holistic health care approach are essential for individuals. However, in
this contemporary world everyone has to live together with full responsibility to
protect self and others. The new normal way of health care practices are important

to create the new world with new balance.

The JCRA editorial board sends moral support to you to overcome the
outbreak crisis. We hope you will be able to continue producing academic articles
for sharing with others. Let us express our sincere gratitude to all the writers,

readers, and scholars for all your contributions.

Professor Nithi Mahanonda, M.D.
Chief Editor

J Chulabhorn Royal Acad. 2021; 3(3): July - September
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Abstract

The COVID-19 outbreak caused serious long-term impact on various aspects; such as economy,
society, education, culture, and daily life. Cultivation of public mind in the prevention and control
of infectious diseases in Thai people is vital for the success of controlling current outbreak and
preventing future outbreaks of infectious diseases. Cultivation of the public mind should start within

the family and then continued on throughout the person's lifespan. It should be developed in
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conjunction with creating correct knowledge among people, such as epidemiology in infectious

diseases, chain of infection, stages of infection, and basic principles for the prevention and control

of infectious diseases.

Keywords: public mind, epidemiology of infectious diseases, prevention and control of infectious

diseases
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Abstract

Non-cardiac procedures are performed increasingly every year. As a result, some patients
develop cardiovascular complication which ultimately cause morbidity and mortality. Assessing the
patients’ risk and optimal preoperative management are the best way to prevent the
complication. Nowadays, there are many academic associates launch the perioperative assessment
and management guidelines which there are some different details in each guideline, but the
overall content remains the same. Each guideline emphasizes on stepwise assessment starting
from urgency of procedure, unstable cardiac conditions, procedural cardiovascular risks. If the
patients have significant cardiovascular risks and are being performed on quite high surgical risks
procedure. They will be further worked up on some laboratory investigation, administering some
medication or performing some procedures before. The key point to assess and manage these
group of patients is “shared-care-model” which is the consensus between internists, surgeons, and
anesthesiologists for the best practice in each patient to reduce cardiovascular morbidity and

mortality as much as possible.

Keywords: perioperative risk, non-cardiac procedure, preoperative assessment, revised cardiac risk

index, preoperative medication, shared-care model
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PAINISVIRaNNS 2

AULEHEN: < 1%

AUEsUIUNas: 1-5%

AMULFBIGS: > 5%

Superficial surgery

- Lymph node, vein ligation, soft
tissue excision

- Breast surgery

None

None

Endocrine

- Thyroid
- Parathyroid

None

None

Vascular

- Asymptomatic carotid (CEA/CSA)

- Hemodialysis access procedure

Endovascular AAA repair
Symptomatic carotid

Peripheral arterial angioplasty

AAA repair (ruptured/non-

ruptured)

Embolectomy/thrombectomy
Infrainguinal vascular
reconstruction

Amputation

Head and neck

None - Head and neck surgery - Intracranial procedure

Thoracic

None - Intrathoracic: non-major - Pulmonary resection
- Esophagectomy

Abdominal

- Inguinal/femoral hernia repair
(open/laparoscopy)

- Appendectomy (open/laparoscopy)

- Gastric bypass (open/laparoscopy)

- Laparoscopic cholecystectomy

- Laparoscopic adrenalectomy

- Salpingo-oophorectomy

- Dilatation and curettage

- Transurethral resection of prostate

- Rectal/anal surgery

- Endoscopic procedure e.g.

hysteroscopy, colonoscopy

Other than inguinal/femoral
hernia repair

Nissen fundoplasty
Laparoscopic splenectomy
Laparoscopic colectomy or
small bowel resection
Repair of enteric fistula
Closure enterostomy

Open cholecystectomy
Laparoscopic liver procedure
Renal transplant

Urologic or gynecologic: major

Exploratory laparotomy
Repair of perforated bowel
Stomach surgery
Enterostomy
Colectomy

Small bowel resection
Bile duct surgery

Liver resection
Pancreatic resection
Adrenal resection

Total cystectomy

Pulmonary or liver transplant

Orthopedics

- Arthroscopy

- Laminectomy

Total knee replacement

Total hip replacement

Major orthopedic-spinal

reconstruction
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@15197 2 Revised Cardiac Risk Index (RCRI)?

fawls WA
History of ischemic heart disease” 1
History of congestive heart failure 1
History of stroke or transient ischemic attack 1
Use of insulin therapy for diabetes 1
Preoperative creatinine clearance < 60 ml/min/1.73 m’ 1

High-risk surgery$

# e Usyifves myocardial infarction, positive exercise test, #9115 ischemic chest pain

30l4 nitrate 50 ECG fdnwauzued pathological Q wave

$u model 1l MR intraperitoneal, intrathoracic %3e aortic surgery

a Y] = a 1Y & o 2 Y] v a S aa
M1919%N 3 RCRI score ﬂUﬂquMLaUQIUﬂqiLﬂmﬂa’]MLuaﬁ'ﬂ'ﬁ]sﬂqﬂLaaﬂ, VT’JI"\]MEA@LWU RIDANILAYVIN

Tu 30 JundansHadin non-cardiac surgery?

AZLUY RCRI AEsa 95% Cl dm3uay
(%) ERR
0 3.9 2.8% - 5.4%
1 6.0 4.9% - 7.4%
2 10.1 8.1% - 12.6%
>3 15.0 11.1% - 20.0%

2) Yadudsansialauaznasniionvas
#U38 (Clinical risk indices)

- Lee Index #35@ Revised Cardiac Risk
Index (RCRI)*

Uszneumedadodsaimun 6 4o (131l
2) laun (1) high risk surgery (2) ischemic heart
disease (3) prior congestive heart failure (4) prior
stroke 3@ transient ischemic attack (5) n15LY
insulin therapy (6) A1 serum creatinine 11AN31
2 mg/dL ¥ 50 creatinine clearance < 60
ml/min/1.73 m?

auAiuYssfasw gyl

feumnudeweanisiie major cardiac events
fannnin 5% Huinanisidanmdsegs fadu
nIndanudeyalAyu major cardiac events ¥
11NN 5% &3 RCRI > 3 udaduly (9.1%: 95%
Cl 5.5-13.8%)% Fadulunaumiuuziilunuanig
NYUHURAVEI ACC/AHA wag ESC U 201471 ud
mindanudeualunids major cardiac events
57318111519 cardiac biomarkers Tun150579
fnn1 cardiac events @18 RCRI > 1 LAY 9%
mwm?ﬁlaﬂumﬂﬁﬂ cardiac events 110131 5%
(6.0%; 95% Cl 4.9-7.4%) Fadulumudwuziin
w99 CCS U 2017%
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aanden %383 RCRI score > 1

wug il Lee index 111031 NSQIP model Tunsuseiiu llb C CCS

AMULAES

N130533 cardiac biomarker lugeynemdrsunisvia

ESC, CCS
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I ) A o
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NSQIP = National Surgical Quality Improvement Program, RCRI = Revised cardiac risk index, BNP = B-natriuretic peptide

- National Surgical Quality Improvement
Program Myocardial Infarction and Cardiac
Arrest (NSQIP MICA risk indices)”***
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%39 total), American Society of Anesthesiologists
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(http://www.surgicalriskcalculator.com/miorca
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NSQIP MICA risk indices g4n31 RCRI lun1s
MIUIENI9LAA major cardiovascular events®

o w
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RCRI 4l 03910 o eld computer-based
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fin13Anw7ifin1s monitor s¥u perioperative
biomarkers ag1adusguy 3991998 Useiiiuan
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FUaseendunguauidesil, mnudssiiunans

WAZAIULALIE

J Chulabhorn Royal Acad. 2021; 3(3): 138-158

145


http://www.surgicalriskcalculator.com/miorcardiacarrest
http://www.surgicalriskcalculator.com/miorcardiacarrest

A1519% 5 AnuddlunisideTInvsenauidaiilaviadenluyad 30 TUnaIN1s¥iNRan1s non-cardiac

surgery 1n89198991UAY pre-operative NT-proBNP #58 BNP?

ANUEES (%) 95% ClI
NT-proBNP < 300 ng/L #50 4.9 3.9%-6.1%
BNP < 92 mg/L
NT-proBNP > 300 ng/L %39 21.8 19.0%-24.8%

BNP > 92 mg/L

Cardiac biomarkers
Brain natriuretic peptide (BNP) W@ g N-

terminal fragment of pro-BNP (NT-proBNP) gin

)
Uasenannduiiewiladlesinstaeon nioiin
nsvadenveinduiieals finanenisane
WUIINISIRNT UYee BNP e pro-BNP @131158
YIMUI8N1ILAA major cardiovascular events a4
N15YRRan1s non-cardiac surgery 16 laawuin
A preoperative NT-proBNP > 300 ng/dL wag
BNP = 92 me/L 1 cut-point figaetusuani
dulentanisiinazunsndounisiilanay
naealdanlutasenInansyiinanisladuedng
7 (319t 52

AULWINILIvUURYes ESC! nd1311919
M5795¥AU cardiac biomarkers tJun1udenly
AU38 RCRI > 1 wazazdnunsiidnviasniden
#39 RCRI > 2 flazidsunsidasindu und sl
aglumuuzil dunuimaydiaves CCs?
WUEUIEN19MS39520U cardiac biomarkers Tu
fUrennsedfifauidesgs (e1guinndt 65 7,
91858134 45-64 U srufulilsaiilavazvasn
\don v30 RCRI 2 1) lnglvivanainaiuisavile
18 wagUszudaanlganauinninnisyin cardiac

imaging W cardiac stress test

N19M323 non-invasive testing du 9
N13UseLU pre-operative non-invasive testing
fyaUseasAdfey 3 Usen1s lawn nsuseidiu LV

dysfunction, myocardial ischemia k&g heart valve

'
a

abnormalities G99z Usvanisnensailsaiilald
NAINITNIAM N5 non-invasive testing daas
forsavirlunsdfionaudsundainissne,
s, wennsallsavesiiasluszezemiintiu

1) nsnsa9ndulnRaRala (Electrocardio-
graphy) ﬁﬂﬁmiﬁnﬁaﬂiuﬁﬂuﬂﬁwﬁaumw‘h
wmanis %awudﬂﬁﬂidwﬁaermaIui{ﬂwIm
ndaievnlavinden Tnarauliiwlefinuens
JUsglovulunisusvenneinsailsa lawn
arrhythmia, pathological Q-wave, LV hypertrophy
waz bundle branch block aghalsfinuaauluii
walaund Aluaunsadalsandruievinlavin
\daneanta

2) N15ASIINNELTDUNALLA (Echocardio-
graphy) 1Jun1snsrafiarusarialadnelunis
Useily dUselovulunisuseiliu resting left
ventricular function s1u8va1u15aldUsE LAY
valvular dysfunction 1¢f Famuuuamiasjoa
¥99 ESC'! wugthlienavinlugiroidiiunns

[

N1R® high-risk surgeryZSIWSWU’iﬂﬁﬂwﬁﬁ pre-
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operative LV systolic dysfunction, moderate-
to-severe mitral regurgitation, increased aortic
valve gradients fiAnuduiusiun1sAn major
cardiac events fLfinTu Immawwﬂui{ﬂwﬁﬁ
LVEF < 30% #uUIlauduiusiunisiinn1iy
Hiladumadlduntu? egralsinunisdnwily
JLULNAY WUIINIINIIA resting transthoracic
echocardiography fanuduiuslunisyiiuienis
\Aim major cardiovascular events Uo8nIN5EAU
YB3 pre-operative NT-proBNP fisAunda 301
ng/L?" fyfumunuivnansufifives ccs'? Fslsl
wug111n 929 preoperative echocardiography
lansalla 9

3) N1501929 cardiac stress test N1SNAADUL
lanany modalities L% exercise stress test
loun n1991 treadmill %39 bicycle ergometer
WioUszuaussonmnisviay 1ut§ﬂwﬁ3wmu
TANTIANIMNNITINIU < & METs fioUseiiiu
AUAULATA N1TADUALDIVDITNAT LarnISLAn
ndudorlariaden nnianisasuudas
949 ST-segment w3olunsdlfiuisaunsaeen
wsalas1in 819ty pharmacological stress
test LAA n19911 nuclear perfusion imaging
%39 stress echocardiography lagld dipyridamole,
adenosine 38 dobutamine

AIUAUzUNUDY ACC/AHA hag ESCH uy
11191 cardiac stress test ﬂiiﬁfﬁéﬂ%ﬂ%ﬁﬁu
N13H8TA high-risk surgery, poor functional capacity
(< & METs) $2ufiudl clinical risk factors (RCRI) >
3 dhunsdidunuintnaglivdeuntanisinw

wazyinlinsefndaIt1aanty @IUAIwUEEIUDY

CCS* Tauuzunliivin stress test 1D391NN1S
= A a v ! 1o a ! PN a v
Anwrnnendesdrulugvinluedn nounaziinisly
cardiac biomarkers lun1snadin wagdulnaidu
= <
NISANWIVUIALAN
Invasive coronary angiography with pre-
operative coronary revascularization
n1sanel CARP trial® §aifunisdnuiiiie
a a 1 a A Y LY
WisusukaszrInnsilaasaideniiila Au
n1sldilavasnidenialalugUae stable
coronary artery disease @siiviaoniaonialanu
> 70% Uavanuwagrasaldoniilamiigauazyin
a = Y v PN Y o Y
nsavasadents luguieazidnSunisiidn
elective vascular surgery IagfnUss¥1n5U19

'
1 P

nqueen As NUTNADY urgent 138 emergent
vascular surgery, severe coexisting illness, prior
revascularization lnglifindngiuwas recurrent
ischemia, non-obstructive coronary artery, sig-
nificant left main disease > 50% stenosis, LVEF
< 20%, severe aortic stenosis ﬁ;@ﬂizmﬁma@
AsAnwde snsinsdedin msnwiinai
FUhelady 2.7 Yndensinda wanisAnuwinuin
Snmnisdedinteasangu ldfieuunnsiaiy
(22% Tunguildavasaideniiiouiu 23% lungu
Pl Uavasnidon (relative risk 0.98; 95% Cl
0.70-1.37, P=0.92))

Fadu dovsTnnsUanasmdsniialass
wiloudugUaeililadunisinda Feszylilu
WUINIWIYUURvEs ACC/AHA® U 2017 uas
ESC* ¥ 2018 19U acute coronary syndrome,
stable angina with CCS IlI-V #aelasun155nen

¥ ¥ Iddg{ [ e
A luny Wusu
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A15197 6 Auuziilun1sdamsan non-invasive test iafia 12
ITAU 3ZAU
AU . . . wuzilay
AU nangu
msnsrvadulniila (electrocardiography)
wuzilidsnanaulwitilaneusindinly guaeidanm C ESC
dewienisiinnnzunndeuniaitlanasnaonidoandanis
Fnan1s wazazidnfunsyiimanisaudsau unand
Andegs
nsdansrandulwihilafiaualufiefiilsadsz s lla B ACC/AHA
du Wulsandnidernlanaden vieilaswadanlainung
ogin Feazidhiumsiinants eniuinanisanudessi
mia'am’mﬂ%iﬂ/\lﬁﬂﬁﬂ%ﬁﬁﬁ]ﬁz:uﬂu;ziﬂ’wﬁlaiﬁmms lb B ACC/AHA
snviuluinanseuidesi
1&]LL‘uzﬂjﬂﬁﬁ'ﬂGli’mﬂéuvLWﬁﬁﬁﬂﬂu@:ﬂ?UﬁiﬁﬁﬂﬂmL?iIEN 1] B ACC/AHA,
warazhfumsiimanisads s ESC
N13M3NNEALIDUNALA (echocardiography)
nsmsnmagiouiilastafinnsaniluftaeiiasdiu lib C ESC
mssdaRfianudeag
Tugunefifiernisimieslaglinsiumn enadwmsiaile lla C ACC/AHA
Uszldiu LV function faun13vininnnis
Tugvaedadulsarledumarogiin envdeuszidliu LV lla C ACC/AHA
function Aeuns¥tnantsmniietnismilesuiniu vie
gnsasuuUanAy
A1ATIVNINELT8UIILY Usen15UsELEU LV function 1] B/C ACC/AHA,
WetheUszfiuanudesteunisiinanisainandswin-uu ESC, CCS
nanalailudeuuyih
A19911 cardiac stress test
N19%1 imaging stress test LugU1NdUNITNIRAONT I/lla B/C ACC/AHA,
Anudssgslugiaedifianmdess RCRI unndn 2 9o wasdl ESC
AUTIONNANSTNUTIR (< & METS)
dmsuftaniiianudsstauduiunarstuly uagd lla B ACC/AHA

AUTTONINAITINUAILE 10 METS 8199911 exercise test

ABUNTUNISHIAR
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A1519% 6 (51@)

ITAU 3ZAU
AU . . . wuzilay
AUZUN WANgIU

A9 cardiac stress test (¢19)

dmufUaefidanudssiiunaatuly udlingu lib B ACC/AHA
AUIIANINATTAIU 8199877 exercise test viiaUTziU
aussanImASYaL ndsuulasmsinuve e

dnsuftaeiifandssuunarstuly wagilaussoam lib B ACC/AHA
MTuRas 4-10 METS 9199890 exercise test flowdnsu
NINIAR

dnfudtaeiifarndssuunanstuly waeilaussanin lib C ACC/AHA
199U < 4 METS 9199711 exercise test 3941V imaging
stress test Aeu3UNSKAR WieUszdiuvindnduierls
PInLaeanTe i

919M915009i1 CPET flaunsinimanisainuidesuiu llb B ACC/AHA
nanetuld

N19911 imaging stress test 91ANA1TUINDUNITN llb C ESC
siannisaradssiunansauly Tudtaedidades RCRI 1-
2 4o wazdiaussanmn1svhaudisn (< 4 METS)

n15911 imaging stress test, CPET, CCTA, CMR lug{tei i C ACC/AHA
Whsunsvhmansanudesen Tifuiiuugi , ESC, CCS

LV = Left ventricle, RCRI = Revised cardiac risk index, METS = Metabolic equivalents, BNP = B-type natriuretic peptide, CPET
= Cardiopulmonary exercise test, CCTA = Coronary computed tomography angiography, CMR = Cardiac magnetic resonance

imaging

a1519% 7 Fuugailunisvin pre-operative coronary angiography”!?
3%AU FEAU
Azl . . . wuzilay
AUzl wangu

Fouedlunisni pre-operative coronary angiography I C ACC/AHA,
wae revascularization mﬁauﬁ'ur;:iﬂa8ﬁaiuﬁ1ﬂ1é’ﬁwﬁmmi ESC, CCS
N19%1 urgent angiography wugulugUqe STEMI i A ACC/AHA,

Fududesdrsunisidawuuiusau ESC
15911 urgent angiography wuzinlugUae NSTE-ACS Tu B ACC/AHA,

Q"U"Jﬁl‘ﬁl AeelAsuNISHIAALUU non-urgent, non-cardiac ESC

surgery
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A15190 7 (519)

LAY FTAY
AU . . . wuzilay
ATLUSUN “angu

wug1199i1 pre-operative angiography TufUae i I C ACC/AHA,
#angIuYes myocardial ischemia waza1n15duan (CCS class ESC
V) Beldsugnanennisegnamnzauud uagdodldsunisingn
non-urgent, non-cardiac surgery

N19%11 pre-operative angiography aﬂﬁlﬁmimﬂuﬂﬂﬂﬂ b B ESC
stable coronary disease F9919uW UL 5UNITHIFA non-
urgent carotid endarterectomy

A% pre-operative angiography i LﬂuﬁLLusﬁﬂuﬁﬂ’m Il C ACC/AHA,
cardiac stable coronary artery disease %Qﬁ]slﬁﬁ"ﬁ’ﬂﬂﬂ’ﬁ&iﬂﬁﬂ ESC, CCS

ANAULEEIPN

STEMI = ST-elevation myocardial infarction, NSTE-ACS = non-ST elevation acute coronary syndrome

M9e# 8 Auuztilunislden B-blockers Tutissenitansvininanis 113
FTAU FTAU
AUz . . . wuzilay
Auuzdl  vangu
aslisuusEu PB-blocker ugfthefilésueniusii | B ACC/AHA,
ESC, CCS
3534 pre-operative B-blocker maﬂmimﬂuﬁﬂaaﬁ%rﬁw llb B/C ACC/AHA,
Funsvinan1siauiAssu unastuly wagll RCRI = 3 Wi ASA ESC
status > 3
A1913Y pre-operative B-blocker maﬁmsmﬂu;ﬁﬂ’mﬁﬁiﬁﬂ llb B ACC/AHA,
Usgdr@ndu ischemic heart disease #38 myocardial ischemia ESC
RRGH
mnagidu B-blocker noun1siiinanis e1aa1sanld lb B ESC

atenolol w38 bisoprolol [umadenusn

n19131 peri-operative B-blocker wunas ngldiinisusu Il B ESC

ua laduniwuzii

Taiwugailin B-blocker lufuivivinanis Il B ACC/AHA,
ESC, CCS
laiuugi193u pre-operative B-blocker Tugftaefiagzyin Il B ESC
waannsaadess

*a3315u B-blocker agetiay 2-30 Jurieun1siinans Tnedufivuiasineu uazUiu target heart rate o8l 60-70 bpm waz
systolic blood pressure > 100 mmHg WazAITLARBNAINTHIA

ASA = American Society of anesthesiologists, RCRI = Revised cardiac risk index
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A919% 9 AtuzAmMSUNSITIDU 9 neunsYRans 2

S2AU AU
AU . . . wuzilay
AUz nangu

HMG-CoA reductase

wugtlisuUsEnIu statin Tuﬁﬂwﬁﬁ%’aﬂq% warlasu B/C ACC/AHA,
gUALDYUAT ESC, CCS

115534 statin luganounisiIfanasaden Aasisy lla B ACC/AHA,
2819108 2 dUAINBUNISHIRR ESC

919f91513Y statin lugaaneun1sininanisaay llb C ACC/AHA
Hostrunanstuld Tugithediiitousd

ACEI/ARB

wuzlsi3uyseniu ACE ude ARB TugfUae HFIEF 7 lla C ACC/AHA,
91n15A971 7 Lazaz1915uN1591WRan1s non-cardiac ESC
surgery

A"5130871 ACEl 0 ARB asfiansaniduenetatios 3 lla C ESC
Lﬁaudaumim@fﬂuﬁﬂa&Jﬁiﬁ%hmﬁﬁaﬁfad%ﬂu HFrEF

AIINYA ACEI 130 ARB ludUlelsaadnuduladings lla B-C ACC/AHA,
dhnsmtounsvhimanisidunategiios 24 $alus ESC, CCS

wNugA ACEI/ARB Naun1svininanis PRETCTIRIC T lla C ACC/AHA,
fgauiniivhle mnein1smeedtinudsnissndaned (wugi CCS
Suliudt 2 ndansenda)

Ol,-agonists

133t aL,-agonists wietlestunsiinazunsndeu Il A/B ACC/AHA,
meiila Ccs

Calcium channel blockers

Taiwugin1#i5u calcium channel blocker wiadlosfu Il C CCs
AMTUNINGBUTLUINNTINARANTS

Aspirin

Taiwugah s aspirin Tugsseninanisvhinnnis Il A CCs

HMG-CoA reductase = 3-hydroxy-3-methylglutaryl coenzyme A reductase, ACEl = acetylcholine esterase inhibitor, ARB =

angiotensin 2 receptor blocker, HFrEF = Heart failure with reduced ejection fraction
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| SEMINmIIninams dWevanides
lallay AU NERU
g = i e o o | msinasinwenisitlinedivesiala
YUADUN 2 fisnasmneinladlidasi (a15199 18) i A e :
FHTUNDU UaYDIAFDIEDUNTYI
| siman1seantiy
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‘ AsiimsUsgiiumulsausganimves
\ = i % i 1 glmssnwmalsaiu neud
SRS 3 Usziiuanudesvasinans | 4, it pranmam oy
P yivinanng
(1135199 3)
|
Uunane-ga
1
. O . T i
YURIUN 4 ! Uszifiuaussanmnsvinuueswdig — >4 METs
A S D S S SRR, 4
T
<4 METS

YUADUN 5

wmauw 6

® ;1573584 troponin wdsnsvindinanis 48-72 lus

Sunaudi 7 o dflumsininamseold ]
® ;599 ECG wasvivimanis

Ui“mu“"mmaﬂwawihﬂ m'\]ﬁmsz\nmmnﬁwazﬁauﬁﬂﬂuﬁﬂmﬁ
(m%"N‘VI 4) whfumsvininansnadesss

A5295¢AU NT-proBNP/BNP

y
NT-proBNP = 300 ng/L %30 NT-proBNP < 300 ng/L
BNP > 92 mg/L wi3alaildds #50 BNP < 92 mg/L
|
___________ IR

4

ﬁmimwﬁ non-invasive testing
nsdlviwinamsanundesgs «
Wenasndaarila

__________ [ ———————
h 4

,_---\
L Terepp———"2

14
\

® jiy1san shared-care management

a

JUN 3 wiugfivansnisuszidiunnudsswnsilatasasadennounsiinanisegiulutuneu

Y

7,11,12

*oeRaus 65 YYulY, 91y 45-64 U saufuiilsailauasviaaniion w3e revised cardiac risk index = 1

BNP = B-natriuretic peptide, ECG = electrocardiography
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A15199 10 911519l laimai !

Unstable angina pectoris

Acute heart failure

Significant cardiac arrhythmias

Symptomatic valvular heart disease

Recent myocardial infarction < 30 days and residual myocardial ischemia

N15aAANULFEIRBNITENANIITUNTNG DU
Tueg2958%I19N159%NANS
1) A58 TuY29581I19N1SNIRAANIS

(Pharmacological management)

- B-blockers Lina nuurAnfiazan
myocardial oxygen demand lagn15andnsINIg
Wuveeialeas illeannisiAn mismatch fu
5% 319 myocardial oxysen supply i@ na s

SEUINNTINFRANIT TRl NISANwLND LA

B-blocker Aoun1se1dia wazgUseiiiu
¥ CY = Y1

AnzunIngdaunieilanasnasaiienluguie

NFIATINTBYALUU meta-analysis® Tul 2014

FehAT1zidoyann 17 n15Anw) wanslimiiu

n1519 B-blocker Tugaaneundnniely 24
FNUIEIU50TIANANULFSILUNITAANAULTLD
) a Y \a a A aa
mlavadenls witiuaudsslunsdedie,
A15AALSANADALABAANDY, AUAULATAAN LAy
= v v v t;( %) 5 = 1 1 v
Fnasiaudlauintu Aaiuiasinlinasly
perioperative B-blocker Tugasiusidnlunisan
a 2 d’l > & U U 1
nsianauilenilaviaden wavlutagdudaly

fn1sAnwilusedu RCT NHAnAIMNEINNY
aduayuliisuen B-blocker Wisaiiadasiung
AN WNTNGOUN I LILAL NADALRBATENIN

ANSHIAR

- Oly-agonists TuaAndn1sAnwIvUIALEN

WU OLy-agonists 81adUsgleviilunisan
NITENINGDUNIIILILALNADALADATENINNT

33

1 Y] 1 @ = .
Ndn P ag19lsAniunis@nei randomized

controlled trial vunlwa) POISE-2 trial** ANuw
Tud 2014 Wisuiaunisly clonidine Wisunu
placebo WU 31 clonidine laifimaannisiia
nduiielanndon vien1sidediandanisyin
WHANTT

- Statins Lf]umﬁiﬁffasmLLWi'Mmstuﬂﬂwﬁ
Hulsandrilorlome wiefimnudsddunis
Wnlsaraandeniiilavialden tngnuIndnadsie
Hoafiu plaque rupture warannsiinnduLEe
walame msanwrdrulugilunis@nwinuu
observational study & ¢4 1u g 7 gavialu
ansgoiuin® saumalszrnsilonsnaud 18 1
Fuly Fadr3uniswisia non-cardiac surgery Tul
2000-2001 WUINUsEYININGUALHFU statin 3]
dasmadedinddniudledieutunguilléty

[

statin AauaINnanguludagdunuinnisly

ES]

statin Tu¥29521319115919% 0N 8199 lASU
Uselevd udlllosandeyalusedu randomized

controlled trial fallogag1ednin sraziIaniiay

151 statin 39l UNLUT LAAINLUINIIIY
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UfAves ESC wugtn i3y statin agnaiiay 2
FUenvinounisvininans ielviuseansnmues
plaque-stabilizing effects Lﬁmsﬁummﬁqm wagl
SuUsgnuRednetNley 1 hounain1siidnly
fheiaglasunsindanasaideniifnmidesgs

- Angiotensin-converting enzyme
inhibitor/angiotensin Il receptor blocker

Hunilslusananudulafingsdldsuaiy
Houludagdu wudndeyaann prospective
cohort study u1alug lnve1dedoyaain
VISION study Wui1nsuea ACEI/ARB Aigun1syin
Wnanis 24 2109 A1U150aASRI15IUVOINTT
FHTINANNNAWNG, NITANLIANADALADAANDY
wIsndruiletilevimdenndanisiidnaly
Uszunad 18%

- Calcium channel blockers LkuUINIWIY

a 1 [

Yuadrulvgszuintayalddniay doese

Y

nsAnwvualng i

- Acetylsalicylic acid (aspirin) m’msﬁ'a%a
989 POISE-2 ASA trial LU ¥ randomized
controlled trial sivlugvaegaaziiriunissinge
nanvaneila aglvigUlienen aspirin agnatiey
3.7 $u 9 ntiuvinnis randomized ok aspirin iU
n1519 placebo Lagiin15M37958AU cardiac

biomarker (hs-Troponin) Tu%14 3 TuLIARE

1w

HAsie wudn aspirin ldldanaanudsslunisiie

124 £y

AIEUNTAFUNIITlaLazanlaen WALy

a A

ANUEBRziiFenaantaunty AsulugUiedn

¥
A

luflvoustou Feliaunlsisuen aspirin Tuszwing

ANSHIAR

undu (Conclusion)
lngagunisussiiugUlsnaunisininanisi
Usglevilunisannnzunsndouluszninanisi
wnan1s lagtanigluinanisaanudesgs wag
a R a a o
ANELIadUenilonainlsaiilauasy
& U1 a v < o o 1
vaoaLdenlaig nsussliugUlsidudduazdiy
Tin1suseiufuasdulunuduneu sauds
a1uisadmsianivieal fuanisdelaedig
WMNIZAUAINAUELIURIH YUY LarTgade
ansaUseiiy uavanauds e iunou
Sumsviwinaniswila non-cardiac surgery (f93U

7 3) legununzaunaly
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Abstract

The gut microbiome resides in the human gastrointestinal tract and has many roles in health
and disease. This review discusses the effects of the gut microbiome on cancer. The gut
microbiome can have either positive benefits or a negative impact on cancer progression and

cancer therapy.

Keywords: Microbiome, Microbiota, Cancer, Bacterial metabolites, Cancer immunotherapy

Introduction

The gut microbiome in humans refers to a
community of microorganisms in the digestive
system. It is estimated that trillions of micro-
organisms reside in the human gastro-
intestinal tract, and the gut microbiome is
considered to be an “organ”, with similar
metabolic activities or functions to other
organs.! The gut microbiome plays many
important roles in human physiology.?* Many
studies have shown that the gut microbiome
and its metabolites have significant effects
on a range of human diseases, such as
inflammation and cancer,* and metabolic and
cardiovascular diseases.” Short-chain fatty
acids are metabolites that have many roles in
human health and disease. Butyrate (1)

(Figure 1) is produced by the gut microbiome
through saccharolytic fermentation of dietary
fibers, and improves insulin response in
patients with type 2 diabetes.® Nicotinamide
(2) (Figure 1) is produced by the human gut
bacterium Akkermansia muciniphila, and
improves motor-neuron function in mice and
protects against progression of the neuro-
degenerative disease amyotrophic lateral
sclerosis (ALS) in mice.” It has been shown
that the levels of nicotinamide (2) in
cerebrospinal fluid of ALS patients are lower
than in patients without ALS.” These studies
have suggested that the gut microbiome
could provide essential nicotinamide (2) and
contribute to development and function of
the nervous system in humans.
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Figure 1. Structures of butyrate (1), nicotinamide (2), 5-aminovaleric acid (3), and taurine (4).

Several metabolites produced by the gut
microbiome of patients with autism spectrum
disorder have been shown to modulate
autistic behavior in mice.® Autism spectrum
disorder encompasses developmental disabilities
with difficulties in social communication and
interaction. In a mouse model, GABAA receptor
agonists 5-aminovaleric acid (3) and taurine
(4) (Figure 1) were produced by gut bacteria
and modulated behaviors associated with
autism spectrum disorder.® In comparison with
the control group, mice supplemented with
5-aminovaleric acid (3) and taurine (4) had
significant improvement of repetitive and
social behaviors.® The gut microbiota has been
linked with other diseases. Imbalance of gut
microorganisms, known as dysbiosis, may
lead to several diseases, including different
types of cancer.’ The relationship between
gut microbiota and cancer is discussed in this
review. We provide research evidence of the
negative impacts of the gut microbiome on
cancer, and we describe the positive impacts
of the gut microbiome on cancer therapy.
This review focuses only on gut bacteria and
not other microorganisms, such as fungi and
yeasts.

Negative Impacts of Gut Microbiome on
Cancer

The gut microbiome resides in the human
gastrointestinal tract and is closely related to

colorectal or colon cancer. Colorectal cancer
caused 881,000 deaths worldwide in 2018,
and it is estimated that there are 1.8 million
new cases annually.’® The diversity and
composition of the gut microbiome have a
significant positive correlation with the de-
velopment of colorectal cancer.!! Although
overall microbial compositions of colorectal
cancer and noncancerous tissues are similar,
the microbiome in colorectal cancer has lower
microbial diversity. Moreover, microbial com-
position in the intestinal lumen is significantly
different from that of colorectal cancer
tissue.!! It is suggested that the mucosa-
associated microbiome contributes to the risk of
colorectal cancer through direct interaction
with the host; possibly via metabolic exchange
or co-metabolism with the host.!? Certain gut
microorganisms are associated with colorectal
cancer. The abundance of Peptostreptococcus
anaerobius, an anaerobic bacterium, is sig-
nificantly higher in stool samples of patients
with colorectal cancer compared with that in
people without colorectal cancer.’? P. anaerobius
has been shown to induce colon dysplasia
(cancer-like cells) in a mouse model of
colorectal cancer. A study of the mechanisms of
carcinogenesis has revealed that P. anaerobius
stimulates Toll-like receptors (e.g. TLR2 and
4) on colon cells and subsequently upregulates
production of reactive oxidative species, thus
stimulating cholesterol synthesis and cell
proliferation.!> Another study has revealed
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that P. anaerobius alters the cancer immune
microenvironment, leading to acceleration of
colorectal carcinogenesis.* Transmission electron
microscopy has shown that P. anaerobius
selectively attaches to colorectal cancer cell
lines rather than normal colon epithelial cells.
Putative cell wall binding repeat (PCWBR)2 is
a surface protein of P. anaerobius that inter-
acts with a receptor, a»/B1 integrin, which is
overexpressed on colorectal cancer cell lines,
thus activating the PI3K-Akt pathway via
phospho-focal adhesion kinase. Interaction of
PCWBR2 and ay/B1integrin can increase
activation of nuclear factor kappa-light-chain-
enhancer of activated B cells and cell
proliferation, thus promoting progression of
colorectal cancer.’® Peptide RGDS (5), which
is a derivative of arginylglycylaspartic acid
(RGD) (6) (Figure 2), blocks the interaction
between PCWBR2 and ay/Bi. This abolishes
the oncogenic response mediated by P.
anaerobius and host cell interaction in vitro
and in vivo.'®> The RGD can bind to many
proteins, such as fibronectin, and facilitate
bacterial cell attachment to the host cells via
integrins, which are a family of cell-surface
proteins.4

The gut microbiome is also associated
with recurrence of colorectal cancer and
failure of chemotherapy. The gut bacterium
Fusobacterium nucleatum has been found to
contribute to chemoresistance in mice, and it

is pathologically associated with cancer
recurrence in patients®® F. nucleatum can
activate TLR4 and myeloid differentiation
primary response 88 of host cells to initiate
innate immune signaling. F. nucleatum also
targets specific miRNAs and activates the
autophagy pathway. The interaction of F.
nucleatum and TLRs, miRNAs, and autophagy
network could reduce the response of
colorectal cancer to chemotherapy. Therefore,
it has been suggested that treatment of
colorectal cancer should be not only with
conventional chemotherapy, but also with
antibiotics to suppress F. nucleatum or with
supplementation of an autophagy inhibitor.*
F. nucleatum can stimulate progression of
colorectal cancer by inducing inflammation
and host immune response in the colorectal
cancer microenvironment.'® Bacterial surface
proteins FadA, Fap2 and RadD adhere to
human intestinal epithelium, and stimulate
the host cells to produce inflammatory
mediators, including cytokines, for recruitment
of inflammatory cells. This adhesion process
provides a microenvironment that stimulates
growth of colorectal cancer cells.*® F. nucleatum
is able to suppress the functions of immune
cells such as macrophages, T cells and natural
killer cells, and this immu-nosuppression can
promote colorectal cancer.®

HN<_NH,
NH HO
Ho § °
HoN NQJ\N OH
o} H 5
RGD (6)

Figure 2. Structures of peptides RGDS (5) and RGD (6).
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Escherichia coli is a pathogenic member
of the Enterobacteriaceae that is considered
to be associated with colorectal cancer.
Patients with colorectal cancer have higher
numbers of E. coli in their colonic mucosa
compared with healthy people. Analysis of
the colonic mucosa of patients with color-
ectal cancer and inflammatory bowel disease
has revealed that these E. coli carry a pks genomic
island, which contains genes encoding colibactin
(7) biosynthesis (Figure 3).}” Changes in the
composition of gut bacteria or introducing
genotoxic microorganisms is associated with
tumorigenesis. It has been observed in a mouse
model that deletion of polyketide synthase in
E. coli reduces progression of colorectal cancer
without altering intestinal inflammation.'’
The pks genomic island in E. coli regulates
cellular processes that enhance cancer cell
growth, suggesting that colibactin (7) is involved
in the progression of cancer cells.'® Colibactin (7)
is therefore a genotoxic secondary metabo-
lite of E. coli that causes colorectal cancer.
Other bacterial species such as Enterobacter
aerogenes, Klebsiella pneumoniae, and Citrobacter
koseri also have the pks gene.'® Colibactin (7)
was first reported in 2006, and this bacterial
metabolite can induce DNA double-strand
breaks.?’ However, there are many colibactin
derivatives, which are collectively known as
colibactins.?! It is known that colibactins can
form DNA crosslinks by alkylation of adenine
residues, thus leading to tumorigenesis, and
these metabolites of the gut microbiome are
harmful to humans.

Among several colibactins, colibactin (7)
(Figure 3) is the genotoxic secondary metabolite
that has received the most research atten-
tion, and its structure was established in 2019.%2
The structure of colibactin (7) was difficult to
determine because E. coli produces it at low
levels. Precolibactins are also bacterial meta-
bolites produced by commensal E. coli, and
both precolibactins and colibactins are encoded
by a gene cluster of hybrid polyketide synthase—
nonribosomal peptide synthetase (PKS-
NRPS).%3 Precolibactins are considered to be
nontoxic metabolites; however, the enzyme
colibactin peptidase transforms precolibactins
to genotoxic colibactins by cleavage of an N-
acyl-p-asparagine side chain.?* Evaluation of
the ability of DNA binding and alkylation
activity of colibactin derivatives, such as
compound (8) (Figure 4), has revealed that
imine, unsaturated lactam, and cyclopropane
functionalities can potently alkylate DNA, but
the pyridone group is not involved in DNA
alkylation.?> Among these functionalities, the
cyclopropane moiety has received a lot of
attention. The protein colibactin self-protection
protein (CIbS; previously known as c2450),
encoded by the c/bS gene converts colibactin
derivative (9) to hydroxyfuran derivative (10),
and the X-ray structure and molecular function
of ClbS were studied by Tripathi and co-
workers.Z The cyclopropane moiety is responsible
for DNA alkylation, and Xue and co-workers
revealed the structure of colibactin-
nucleobase adduct using colibactin derivative
(11) as a substrate.?® The cyclopropane- opened
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Figure 4. Structures of colibactin derivatives (8—11), and colibactin-nucleobase adduct (12).

product was proposed as colibactin-nucleobase
adduct (12); adenine nucleobase attacked the
cyclopropane moiety of colibactin derivative
(11), giving rise to the adduct (12) (Figure
4).%% However, this experiment used mass
spectrometry (MS) for the identification of
the structure of colibactin-nucleobase adduct
(12); therefore, the position of the adenine
nucleobase attached to colibactin could not
be assigned.

The colibactin-nucleobase adducts have
received attention from scientists worldwide.
In 2019, the structures of colibactin-nucleobase
adducts were finally elucidated by Wilson and
co-workers.?” The cyclopropane group in
colibactins is considered to be an electrophilic
warhead that readily reacts with DNA by

alkylation. Incubation of colibactin derivative
(13) (Figure 5) with calf-thymus DNA for 20 h
at 37 °C gave only trace amounts of detectable
adducts, and slightly cleaved DNA was observed
at 1 mM concentration of colibactin deriva-
tive (13). This was because a carboxylic
functionality in colibactin derivative (13) inter-
acted electrostatically interaction with a
phosphate backbone of DNA that was
negatively charged in the molecule.?’” Therefore,
an ethyl ester derivative, compound (14)
(Figure 5), was used for experiments of DNA
alkylation, giving ~100 times more potency
than colibactin derivative (13) in a DNA shearing
assay. Moreover, colibactin derivative (14)
could induce both G2/M cell cycle arrest and
DNA double-strand breaks in Hela cells.?’
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Liquid chromatography-MS analysis of the
colibactin-adenine adducts revealed a mixture
of two diastereomeric adducts of (15) (Figure 5),
as indicated by two peaks on the chroma-
togram. H and 3C nuclear magnetic resonance
spectroscopy also demonstrated signals of two
diastereomeric adducts. Colibactin-adenine
adduct (15) was hydrolyzed by pig liver esterase,
yielding colibactin-adenine adduct (16) (Figure 5).
Key long-range correlations of H to 13C observed
in the heteronuclear multiple bond nuclear

HN

RO

Colibactin derivative (13),
Colibactin derivative (14),

»~ X = HMBC correlations

Colibactin derivative (14) ——

magnetic resonance technique revealed that
a 5-hydroxypyrrolidin-2-one ring system was
attached to an N3-substituted adenine ring
(Figure 5).%7 Although the structure of colibactin-
adenine adducts (15) and (16) is well
characterized, they are synthetic derivatives
of colibactins. Attempts have been made for
structural elucidation of natural colibactin
produced by E. coli, and finally the structure
of colibactin (7) (Figure 3) was recently
established by Xue and colleagues.??
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Figure 5. Structures of colibactin derivatives (13) and (14), colibactin-adenine adducts (15) and (16),
and heteronuclear multiple bond (HMBC) correlations of (16).
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Positive Impacts of the Gut Microbiome on
Cancer

The gut microbiome improves the therapeutic
efficacy of some anticancer drugs. Co-admini-
stration of antibiotics and anticancer drugs
may lead to poor efficacy of anticancer drugs
because the antibiotics suppress the growth
and alter the profile of the gut bacteria. The
gut microbiome plays an important role in
modulating efficacy of immune checkpoint
inhibitors (ICls), by targeting the programmed
cell death receptor/ligand-1 (PD-1/PD-L1)
pathway.?® Co-administration of antibiotics
and ICls was studied in a cohort of 109 Chinese
patients with advanced non-small cell lung
cancer. The patients treated with antibiotics
and ICls had shorter survival time compared
with the control group treated with ICls alone.
Multivariable analysis has revealed that antibiotic
treatment is markedly associated with worse
progression-free survival of patients.?® It is
proposed that co-administration of anti-
biotics might be responsible for dysbiosis (or
dysbacteriosis), thus attenuating the clinical
outcomes of patients who have received
immunotherapy. Dysbiosis is an imbalance in
the microflora in the human gastrointestinal
tract, which leads to changes in composition of
the gut microbiome and metabolic activities.
The study by Zhao and co-workers highlighted
the significance of gut microbiome composi-
tion for successful cancer therapy.?®

The impact of the gut microbiome on
cancer immunotherapy has been investigated
in animal models. The gut bacterial genus
Bifidobacterium was associated with enhance-
ment of efficacy of anticancer drugs in animals.?
Oral administration of Bifidobacterium to
mice improved cancer immunotherapy with
PD-L1-specific antibody,?® indicating that gut
microbes enhance the therapeutic benefit of
cancer immunotherapy. A study in humans
by Matson and co-workers revealed a
significant association between the gut
microbiome and anti-PD-1 efficacy in
metastatic melanoma patients.*° Bifidobacterium

longum, Collinsella aerofaciens, and Enterococcus
faecium were found to significantly improve
anticancer drug response.3® Furthermore,
greater efficacy of anti-PD-L1 therapy was
observed in germ-free mice supplemented
with fecal material from patients with good
anticancer drug response. This study
demonstrated the mechanistic impact of the
gut microbiome on antitumor immunity in
cancer patients.3

In summary, gut microorganisms play
important roles in cancer, and they can have
positive or negative impacts. Some gut bacteria
can produce natural metabolites that cause
cancer in humans, whereas other gut bacteria
enhance the efficacy of cancer immu-
notherapy. Better understanding of the
interactions between the gut microbiome
and the host may lead to new diagnostic
methods and treatment for cancer.
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Abstract

Background: The purposes of this research were to compare 1) the maternity duration of the
women used for natural method and the spontaneous pushing method together with massage
perineum as the experiment group to the women with directed pushing as the control group,
2) postpartum fatigue between the groups, and 3) postpartum satisfaction of the two group.
Methods: 60 childbearing women were recruited in the study. Mixed methods Quasi-experimental
and the quantitative research were used. The samples were divided into 2 groups, namely the
control group and the experiment groups. 30 women were assigned into each group. The data were
analyzed by using descriptive statistics (frequency, percentage, mean, standard deviation, and t-test.)
Results: The results showed that the duration of spontaneous pushing together with perineum
massage and that directed pushing was not differ significantly level .05 (t-test =.49,
p >.05). The experiment group was significantly less postpartum fatigue than the controlled group
(t-test =.008, p<.05). However, the experiment group had significant higher satisfaction level than
that of the controlled group (t-test = .005,p < .05). Conclusion: The maternity duration in the trial
group was less than that of the control group. When having the trial group with natural method
conjunction with the spontaneous pushing massage perineum, it was found that the maternity
duration was shorter than that of the control group. Comparing the postpartum fatigue of 2 hours
between the two groups, it was found that the trial group was significantly less fatigue than the

control group.

Keywords: spontaneous pushing, directed pushing, perineum massage, postpartum fatigue,

postpartum satisfaction
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Abstract

Background: Gallium-68 labeling of various peptides is now widely used in routine clinical
positron emission tomography (PET) applications. We used an automated synthesis system at the
National Cyclotron and PET Center of Chulabhorn Hospital to reduce human errors, lower the
radiation dosages to operators during synthesis, and establish high product yields. Methods: In
this study, we synthesized %Ga-labeled FAPI-46 peptide using the fully automated iQS-TS
theranostics module. The radiosynthesis of %Ga-Fapi-46 was completed in 15 min, including
generator elution and dispensing radiopharmaceuticals. Results: The %8Ga-FAPI-46 radiosynthesis
yielded product with 70% + 2% activity and >95% radiochemical purity. All quality control
parameters conformed with the limits prescribed by the European Pharmacopoeia.
Conclusion: This study demonstrated successful synthesis of ®8Ga-labeled FAPI-46 peptide using
the fully automated iQS-TS theranostics module, which produced reliable and reproducible
synthetic yields. The ®8Ga-FAPI-46 product is of high purity that exceeds minimum recommended
requirements.

Keywords: ®8Ga-Fapi-46, Automated synthesis, Fibroblast activation protein (FAP)

Introduction tested at preclinical phases. Quinoline-based

Fibroblast activation protein (FAP) is a FAP is a highly promising molecular-targeted
human enzyme encoded by the FAP gene imaging probe that is also a specific inhibitor,
that shows increased expression in the and thus hopefully has therapeutic utility.
stroma of a variety of malignancies, including Several FAP inhibitor (FAPI) series have been
breast, colon, and pancreatic carcinomas. developed for clinical diagnostic and thera-
FAP expression is also observed in more than peutic applications, such as FAPI-01, FAPI-02,
90% of activated stromal fibroblasts in all human FAPI-04, and FAPI-2 1; the evolution of FAPI
carcinomas.?> Recently, several new radio- variants is shown in Figure 1.

pharmaceuticals have been designed and
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Figure 1. Examples of FAP-targeted theranostics used in preclinical experiments with

nuclides in brackets.3

%Ga conjugated with DOTA-based derivatives
has rapidly gained interest in the field of PET
radiopharmacology, with new agents being
recently developed, such as %Ga-PSMA-11
and ®8Ga-Dotatate. However, radiopharma-
ceuticals are mostly produced by manual
synthesis. Currently, automated systems are
more advantageous than manual methods in
terms of radiation protection and compliance
with good manufacturing practice (GMP).
Also, there is more equipment required for
hospital-based radiopharmaceuticals.*®

In this study, we describe the procedure
and quality control for labeling FAPI-46 peptide
using the fully automated iQS-TS theranostics
synthesizer supplied by Isotope Technologies
Garching GmBH ITG (Munich, Germany).

2. Materials

The iQS-TS fully automated theranostics
synthesizer supplied by Isotope Technologies
Garching GmBH ITG was used to produce
FAPI-46 peptide labeled with ®Ga. The ®8Ge/®%Ga
generator and labeling kits were also
supplied by lIsotope Technologies Garching

GmBH ITG. The kits consisted of Hydrochloric
acid (0.05 M) as the eluent for the generator,
sodium acetate (0.25 M), ethanol, NaCl, a C18
SPE Sep-Pak cartridge, 15 mL Sterile vials,
vent filters, and 0.22-um pore size Cathivex
filters. All chemicals in the kit were of pharm-
aceutical grade.

The patented FAPI-peptide product was
provided from Sofiei Theranostics (Dulles, VA,
USA) as a 1 mg powder, which was dissolved
in 2 mL H,0 and used in 100-pL aliquots. The
reagents used for instant thin-layer chroma-
tography (ITLC) and high pressure liquid
chromatography (HPLC) to determination the
radiochemical purity (RCP) of the product
were HPLC grade. The trifluoroacetic acid
(HPLC grade, >99.90% purity) and acetonitrile
(CHROMASOLV®, HPLC grade, >99.90% purity)
were obtained from Sigma-Aldrich (St. Louis,
MO, USA). HPLC grade water, ammonium
acetate, and methanol (CHROMASOLV®, HPLC
grade, >99.90% purity) were supplied from
RCI Labscan (Bangkok, Thailand).
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3. Methods

3.1 Generator

On non-synthesis days, the generators were
eluted within 24 h before FAPI synthesis due
to the build-up of metal ions on the column.
The elution process involved using an elution
cassette and 0.05 M HCI solution driven by
the ITG system in approximately 10 min. The
elution volume for radiopharmaceutical synthesis
was 12 mL. The generator eluent was direct
to the reactor.

3.2 Automated radiolabeling process

The iQS-TS was performed as an automated
pre-run machine test to guarantee function-
nality before synthesis. Then, a sterile synthesis
cassette was removed from its packaging. All
valves were connected and tightened before
putting the cassette into synthesizer. The
preparation and connection of reagents were
performed with appropriate tubing to the
reactor vessel with 50 pug of DOTA-FAPI
peptide in 1.0 mL sodium acetate buffer (0.25
M) solution. The process is shown in Figure 2.

The radiolabeling process was divided into
three steps. First, the generator was eluted

from the %8Ge/%8Ga radionuclide generator to
the reaction vessel using 4 mL of HCI (0.05 M).
The second step was labeling process, which
involved pre-heating the vessel to 95°C, with
continued heating for 10 min after mixing the
peptide with GaCls. The last step was purifi-
cation, which involved loading the mixture
into a C18 SPE Sep-Pak cartridge (pre-
activated using 1.0 mL of ethanol solution,
followed by 4 mL of 0.9% NaCl solution) to
trap labeled peptide.

The SPE cartridge was subsequently washed
with 5 mL of 0.9% NaCl in the waste bottle.
The final product was eluted from the C18
cartridge by flashing with 0.5 mL of ethanol,
and then transferred through the 0.22-um
Cathivex-GV filter (ABX, Germany) into the
product vial, before being further diluted
with 9.5 mL of 0.9% NaCl. The 0.22-um filter
and needles were removed from the product
vial, then put into a waste bottle by the
operator. Testing of the 0.22-um filters was
automated by the theranostics software as
the filter integrity test. The dynamic graphic
synthesis report was saved on the computer.

=

7—» ’sn | i
s ' N g‘ e

Figure 2. Set up of the fully automated iQS-TS theranostics synthesizer.
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3.3 Quality control

Quality control methods were based on
the European Pharmacopoeia monograph.®
The labeled solution was visually inspected for
being clear, colorless, and within a pH range
of 4.0-8.0. The identity of the final product
was confirmed by analytical HPLC and compared
with the reference standard (Sofie iTheranostics).
Confirmation of radiochemical purity was
conducted by ITLC and HPLC. Half-life deter-
mination and the gamma spectrum of the
main peak were used to confirm the identity
of the radionuclide. The %8Ge content was
determined by the 48-h decay of ®8Ga in a
calibrated multichannel analyzer (CANBERRA).
Residual solvents were determined by gas
chromatography. The filter integrity test,
endotoxin measurements, and sterility tests
were also performed.

ITLC analyses of ®Ga-FAPI-46 were performed
using an AR-2000 radio scanner (Bioscan,
Washington DC, USA). A mixture of 75% methanol

and 25% 5 M ammonium on ITLC-SG paper
(Merck, Kenilworth, NJ) was used to determine
the percentage ®Ga-FAPI-46 and %Ga impurities.

The percentage of ®Ga-FAPI-46 in the final
product was determined by analytical HPLC,
using a system equipped with a C18 column
(5um x 4.6 mm x 150 mm, Atlantis™T3, Waters,
MA, USA), a UV detector operating at 264 nm,
and a radio-detector (Bioscan B-FC 3200, Eckert
& Ziegler Radiopharma, Wilmington, MA, USA).
The eluent mixture of HPLC water (A) and
acetonitrile ( B) were both supplemented with
0.1% (v/v) trifluoroacetic acid at a flow rate
of 1.5 mL/ min and 25°C as follows: (t= 0)
13.0% B, (t=12.50) 13% B, (t=12.51) 100% B,
(t=17) 100% B, (t=17.1) 13% B, and (t=20)
13% B. The final product was confirmed by
co-elution with the non-radiolabeled reference
standard FAPI-46 (Figure 3). Finally, the stability
of 8Ga-Fapi-46 was obtained.
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Figure 3. UV chromatogram of the non-radiolabeled FAPI-46 reference standard solution

(10 pg/mL).
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4. Results and Discussion

The automated synthesis of ®Ga-FAPI-46
was achieved with a radiochemical purity
>95% . The yield percentage was >70%. The
activity of the ®8Ga-labeled FAPI peptide was
approximately 23-25 mCi from the 40 mCi
eluted by the ITG automated synthesis
module. The volume of the product was
approximately 10 mL. Total time of synthesis
was approximately 15 min. The steps of

Reactor (MBq) Purfication Cartridge (MBq)
200
175
150
125
100
75
50
25

2f Syorbe sis Jrending

3

F iy b e

synthesis are shown in Figure 4.

The ®8Ga-labeled FAPI peptide product
solution was clear, colorless, particle-free,
and sterile. The pH of the product was in the
range of 4.0-8.0. The final products
contained <10% residual ethanol. The level of
endotoxins was <14.58 EU/ mL. Finally, the
%8Ge content in the final ®8Ga-FAPI peptide
products did not exceed 0.005% of the total
activity.
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Figure 4. Graphical presentation of the automated synthesis steps of 8Ga-FAPI-46
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Figure 5. ITLC chromatograms on SG paper in 75:25 Methanol:5 M Ammonium Acetate (A) and

68GaCl; solution, (B) %8 Ga-FAPI-46.
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Radiochemical purity was determined by
instant thin-layer chromatography on silica gel
impregnated glass fibers ( ITLC-SG) and the
results are shown in Figure 5A and 5B. The
free-Ga peak appeared at Rt between 0.1 and
0.2. The %8Ga-FAPI-46 peak was observed at
Rt between 0.6 and 0.8. The percentage of
%8Ga-Fapi-46 was >95%.

[mAb-
(A) UV chromatogram

15—

10+
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(586
(B) Radio chromatogram

200

100
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The results of the radiochemical and
chemical purity analysis of 8Ga-FAPI-46 using
reverse-phase HPLC demonstrated that the
radiochemical purity of ®Ga-FAPI-46 was >95% ,
which could be integrated by the area of the
radio peak ( Figure 6A). The 50% mixture
product sample and 50% reference solution
were measured to confirm the identity of the
68Ga-FAPI-46 product (Figure 7).
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Result Table (Uncal - Instrument 1 - 12_06_2020 10)_28 24 - IF2/IFU2.1:Radlio)

Reten. Time Area Height Area Height W05 Compound Name
[min] [mV.s] [mV] [%] [%] [min]
1 10.900 3781.538 156.720 100.0 100.0 0.38 i68Ga-FAPI-46
Total 3781.538 156.720 100.0 100.0

Figure 6. HPLC chromatograms of ®8Ga-FAPI-46 product solutions: (A) UV chromatogram,

(B) radio chromatogram
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Figure 7. HPLC chromatogram of co-injecting the %8Ga-FAPI-46 product and reference standard:
(A) UV chromatogram, (B) radio chromatogram.

Stability of the labeled product was studied period of study is shown in Table 1. However,
over a 4 h period after production using ITLC in this study, the product was used within 60
and HPLC chromatography. The stable product min of preparation.

with a radiochemical purity of >95% over the
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Table 1. The radiochemical purity and stability of ®Ga-FAPI-46 4 h after production

ITLC HPLC
Time point po

53Ga-FAPI-46 (%) Free %3Ga (%) 53Ga-FAPI-46 (%) Fre(‘fy ) Ga

(J

T0 99.54 0.46 100 0

T1 99.49 0.51 100 0

T2 98.84 1.16 100 0

T3 99.50 0.50 100 0

T4 99.14 0.86 100 0

5. Conclusion References

Synthesis of ®Ga-peptide with an automated
synthesis system is reliable, reproducible, and
ensures consistent product yields. The iQS-TS
fully automated theranostics synthesizer is
an innovative system to reliably perform
radiosynthesis with a relatively low incidence
of failures. The %Ga-FAPI-46 product was of
high purity that exceeds minimum recom-
mended requirements. This system is GMP-
compliant with regard to safety and can
reduce radioactivity exposure to the operator.
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