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13 Q7oA NSAIDS &xa e el Aza 949
<

dHT DA AR AWAE 23 H3UrE TSkt AR
SAMAE 7S] I AAGRE HFREE o]&3 AITE

A1, 2016 - 20170 3-8 aA9F NSAID WE&& AlAeh x=208at

(654 o] 7F EstE T AYHFE ZTE AZF o]F g

oW kAl T HA FE =EFES A E WFE APt A
4% A8 S Aol dE =23]9]4 (time-dependent
Cox model)& 33ttt HF ZITEd = 92,3799 =213k}
7F 2gE o o] T A% oY S 6607 0] EAsA T
[ E: 100 W (person-year) & 1.41 (95% CI, 1.31-1.52)]. &
S A9k NSAID| &8 d&uA o5 Ao nlste] 273l
AgH FHS el 538 F7st¥tHaHR (adjusted hazard
ratio), 5.25 (95% CI, 4.38 - 6.28)].

g Al e NSAIDS| W& AFE %, proton pump inhibitor
(PPDE F7FstAY cyclooxygenase-2 (COX-2) A AE A-&3}
A AR A @S ¥el A4 64% [aHR, 0.36 (95% CI,
0.25-0.53)], 74% [aHR, 0.26 (95% CI, 0.19-0.36)] #4353}
olu PPI®] F7F9} COX-2 AAA A& @A a¥el Ao
7F @itk w PPIY] F7F EE COX-2 JAA AFgTto 2= $
glo] 3] AAFR = &kth. H2-receptor antagonist (H2RA)
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logistic minimum absolute shrinkage and selection operator
(LASSO) 3| iAS AMEstalth e S EoA= Azher 9%
o ol TAF 8176319 A NSAID A& 7|te=
1:10 =1 sk 81,7607 9] diF<te] FlF AUt <F HT =
v A4 7|5 WET NSAID AME S =9132 254

0D
37279 AdlE el HE RS A5 ExqE =9

A= 38, NSAIDS 8= AHg, NSAIDS #3, o4 g
Zdol Ae A%l 49, 94, AGREA(PPL HZRAT 23

A8 s+ A A bisphosphonate, corticosteroid, selective serotonin
reuptake inhibitor®] W& 35 A3 T35 1+ A AWH), &
oAU N AT A, FAV] AE 54 54 obd WA 079
(95% CI, 0.77 - 0.81)°] %}
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A 14 NSAID AH&9 Hs

1. NSAID9 &% A=

Hl~H 2o =4 A9 R %A (nonsteroidal — anti-inflammatory  drug,

NSAID)+= A% % gd= g2 A3 P F<k AFEH o] gon E73

d

Y 22 B 3 g dHY 54 5 deol &3] AFEH I 9
oY NSAID= wid A A ojopEe] o 5-10%% AAT Y= &
& AbgEE Eoltt? AARAZF(World Health Organization,
WHO)9] ZEA Abthe] (analgesic ladder):= 19864 <A EZ9 &3 =
SHo 3dAR JAeA 25s Uil e sTx0 wel UEA
Z Folsle Hoyolth? o xEA AldEe dA g4 T Wyt o
Uzt 4 2 ngAd 55 dgoztx 445 ok NSAIDE
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2. NSAIDY #8733 %48

(1) NSAID9 #8717

NSAID:=  Z 2282 @ d (prostaglanding,  PG) Ao  #ofs)+=
cyclooxygenase (COX) &4E A&y A% 9, ddx g3 5&
Ueldith COXE COX-13 COX-29 ¥ 7FA] 5% & A (isoenzyme)”’}
AT COX-12 PG ¥ thromboxane AxES A3}

1=8
H| A 818 NSAID+= COX-13 COX-2&5 EF Adst=d, COX-19

Adow s 9g8u ol wAE BS Aud COX-2 A4

(2) NSAID Al822 A3 F2§ &4
NSAID= #1743, A8, A F=2 #4485 dovj=d %

iz 54 ot

50-60%°1 41 $1%¥ 1 P(erosion)o] A" NSAID AHE Q1-o]

A zgbd g Ao FYES 10-30%2, LN dpo AR 1w

°] 10-30¥) Z7}3kH.¥ NSAID AHg2ke] 1-15%04 A&, &8 2



Azt 91dd wgo] TS Sl 19954, 2000, 2005\l W

e e 25E Aol w2w, S 99
F frHEES NSAID Aol A 236%, HAE Tl 104%2 1 ol
b Zom, Aol A% FHES NSAID A& HARE o A

747y 12.3%, 83%=, o133 NSAID At QI7olA 47 AG Aol

(3) NSAID 24 228 27 A
F2go] dHAlsl= 71 A A Al 7R 7 AAEH A A
Aoz COX-1 7] PG A S A (COX-1 mediated NSAID

L
o3l
&S

injury, Figure 1).9 o] Ha 714 wjiLo] COX-2 A&z AAA7t PG
A fFEE HeE o & BES

F oHAlE A a2 9 Aduel COX7E RbEA oz ofag o
2 Qs 17 Aol EAFEHO mg(AE #H] o], A F o]i)o]
BRTD o] FaM Ade AeH COX-2 dAAY AS AoE A
stez, A8 COX-2 AAAE AFEevar sfA 33 F-2-80] fle
AL olyrt mAHoew PG AAE  dAlEZ s AU o=
lipooxygenase &4 o] < 7}3tal leukotriene (LT) Aol =7t} LT
o 7k €5 9 % @44L FUHE 296k, TNF-a9 22 ¢

ZUABAS Aol BN 27D AW S FUPIY



Membrane Phospholipids

l Phospholipase A,

Arachidonic Acid

g N

Cyclooxygenase-1 Cyclooxygenase-2

Housekeeping gene Inflammatory gene
(constitutive) v (inducible) \\ 3

~ 7
~ Ve
NSAIDs l
Gastrointestinal mucosal integrity Mitogenesis and growth
Platelet aggregation Regulation of female reproduction
Renal function Bone formation

Renal function
Other functions?

Lipoxygenase

\
Corticosteroids

Figure 1. Prostaglandin synthesis through cyclooxygenase

Adapted from Wolfe MM et al. Engl J Med. (1999)

According to Wolfe et al (1999), arachidonic acid is catalyzed by
two isoenzymes of cyclooxygenase (COX), COX-1 and COX-2.
COX-1 functions as a housekeeping enzyme, maintaining the
homeostasis of organs including gastric mucosa integrity. In

contrast, COX-2, as the inflammatory enzyme, is induced by stimuli.
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AT AL A= oy PSS sEkekA ¥ AE
(uncomplicated ulcer)® =¥, #H¥3 TS FHIFTS Ty AL
(complicated ulcer)o.2 &g F doh. T wWAd mEkA = 1)
Helicobacter pylori (H. pyroll) 3oz <lgt ALY, 2) NSAIDL
aspirin®. 2 sk A, 3) ko] F /A 84V glv 5EA A=
B&sla 9u}192 NSAID, aspirin 4424 4

dojit Mol dHTs FRd Ao HEo] E:ow, AWEC]l A

o0
rlo
b
[-40
;

_|>i
N
=
§2
H
it

pyroli FFgolvt Ewbag ARt 2w ol =S Fo] EAHo|pl?
NSAID #24 A&dd T A 2 o, Azl hdk Aagho]
ZF yabo A 2 E vl Atk 2009 v = A 3}7]8F3] (American College
of Gastroenterology, ACG)ol A& NSAID #&# 9943 H= o Ho)

ek RS dEsdon ™ 2021 SR FHT HEE A%

O

st AHe Busgrt) dE 23783 (Japanese Society of
Gastroenterology)+ 20151 917&3% W5 owte] oist A4 AHS &
2]

zatgom? 20206 A



1. NSAID &4 33 T A9 A3dA

2009 =l A oA AAE NSAID @& 943 S DA ¢
derms a9, T G AFe 49, NSAID 1L&%F A, &8
A, aspirin, corticosteroid®] ®-go] ¢lom ) o]= 2009W W e ACG
A A3} FAseH(Table 1.2 20208 =) AAAHAME= 71E s
of dstol, Vet FELaFAL W&ol Aol F7EE A (Table

1).® &8 iavA4 WMol F718 AL aspiring AR Al o2 I A9

o

Aol W&ol ZFHE AFH 2o AFAAR W RV wZo] obdrt
Azt o®

2020 dE A FAM = NSAID 34 A3 A didefts ¢
g PR EAE ¥, HE S AL Ad, FE A,
corticosteroid®] W& A AL Yo (Table 1), ©] YWro] 118
NSAID A}-&, bisphosphonate®] W&o =2 <ld] & AY A 5719

o7t Aee AFsHAEY



Table 1. Risk factors for NSAID-induced GI complications according

to guidelines in Korea, the United States, and Japan

Adapted from Joo MK, et al. Gut and Liver. (2020); Lanza FL, et al
Am ] Gastroenterol. (2009); Kamada T, et al ] Gastroenterol. (2020)

2009 guidelines (KOR, US)

1) Old age
2) History of GI ulcer
3) High dose of NSAID

4) Concomitant use of aspirin, anticoagulant, or corticosteroid

2020 guidelines (KOR, JP)

1) Old age
2) History of GI ulcer
3) High dose of NSAID

4) Concomitant use of aspirin, anticoagulant, corticosteroid, or
anti—platelet agent

In the US guidelines, regarding the risk factor of a history of GI ulcer,
it has been specified as uncomplicated GI ulcers.

Abbreviations: GI, gastrointestinal, NSAID, nonsteroidal anti-inflammatory
drug.
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3. NSAID A4 m9d 3z 9%

r ol
i)
ok
o|N
2
ok

S A HP ®ak obyel g dele] A AP g FT o
Saefe 1w g Add o1 wet 2AeoF dva JLeka
A TH Table 2).

S Aol mEw, NSAIDE Ab&sts 19d Sx= wAdg s
NSAID9| PPIS Z7}3tAU AEd COX-2 AAAS A}&3F 4= . ®

g

ojuf T o] Ax AFEH AF Al F AFel= Thectd
NSAIDE AF&3HA X% 3t1, NSAID Ab&o] E719] sttt PPIE F
7}gteH(Table 2). PPI F7F7F ol & 4% ™4l misoprostols L& &}H,
olvtAE e AFetd dquadrt i ew stedl: H2-receptor
antagonist (H2RA)E F71% 4 Ath® NSAIDE #7|zF A&t gte
NS FHT AL o FrA < o defe] HasiA = &
(Table 2).

AA el A NSAID #24d A48 5 ods $18 NSAID9
HE 2 Al B3 FoJ7F QA= oFA|l = pantoprazole, esomeprazole,
omeprazole, lansoprazole®} %< PPI % misoprostol, H2RAZ+
, 1 E

ranitidine®] Uth??) Helz COX-2 AAAR A& F AL
EA o2 BY

SA HE AW NSAIDD 3 933 S o
L
H

i
rlr
e
N
ofr
o
)
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o= ACG 7hel=ghelel] wEw @ 239 dabs 7k 2 NSAID
o] AbE& Fote= Aol 7HE Fom, NSAID A =71 vb=A] a3k 7
$-ol= COX-2 gAA et &7 misoprostole] Yt proton pump inhibitor
(PPD) &5 AR&siof sttt & Add 3ol 2 A= COX-2 ¢
AAE AHESE = o 299 A= COX-2 JAA E5ARE oy
NSAID®| misoprostole]t} PPI & QWMo =z 288 4 9=d), olu A
7 9% 7 =& AFoE NSAIDE naproxend AF&3kth 913
AA7F gl FAE 59 HExA7F & gltH(Table 2).%

=] A a9y S AR Aol wep AlEstsie] 9

A GHE AAFe AAGATH, Ave) AR gFA%] 7

Aol M2 wm=lo] Ay ol ST AY el Ae Y A
© PPI 712 #FstH, 53] oldd =384 A4 S 4

= 19% 2= 7ha A NSAIDY ARES dsk7 v, NSAID AHES 9
gt = gt COX-2 AAAlel PPIE F7Fsle A& FH s (Table
2)2 grol AHGAE 19F 3o A potassium competitive acid
blocker (P-CAB)9] A}&o] PPITHE &34d & v Fxsta

o Corticosteroid =& FdAAZ WE&ats 19 SN E
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%  PRECISION trial: prospective randomized evaluation of celecoxib

integrated safety versus ibuprofen or naproxen.
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A shate] S FHS ool B old dAqtel £3E HAFAAE
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Table 3. Comparison of previous prediction models related to

NSAID-induced GI complications

Previous Groot (2014)% Solomon (2019)*"  Petersen (2020)*
model
Design Cohort Randomized Case—control
controlled trial
Outcome Upper GI GI bleeding, GI ulcer,
bleeding perforation, gastritis
gastric outlet
obstruction
Population New NSAID Arthritis patients NSAID or LDA
user starting NSAIDs users
(> 18 years) (> 18 years) (= 18 years)
Incidence  5.42/1000 PY 7.3/1000PY 10.7/1000 PY
rate of (non PPI user)
outcome
External Yes Yes No
validation
AUROC 0.68 in external 0.73 in internal 0.85 in
validation validation development

0.70 in external
validation

Abbreviations: AUROC, Area under the receiver operating characteristic

curve; GI, gastrointestinal, LDA, low-dose aspirin; NSAID, non-steroidal

anti-inflammatory drug, PY, person—year.
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Table 4. Potential predictive risk factors from previous studies

related to NSAID-induced GI complications

Previous Potential predictive risk factor
studies

Groot Age, sex, prior GI ulcer, anemia, CVD, cerebrovascular
(2014)*  disease, DM, dyspepsia, GERD, OA, RA, anti-thrombotic
drug, ASA, corticosteroid, GPA (PPI, H2RA,

misoprostol), NSAID, SSRI

Masclee  Aldosterone antagonist, anti—thrombotic drug, ASA,
(2014)*”  calcium channel blocker, corticosteroid, GPA, nitrates,
NSAID, SSRI

Sugisaki  Anti-thrombotic drugs, bisphosphonate, corticosteroid,
(2018)*  LDA, NSAID,
DM, HL, HTN, hypercholesterolemia, polypharmacy,
drinking, smoking habits

Solomon Age, sex, prior GI bleeding, arthritis type, CVD, DM,
(2019*¥  HL, HTN,
corticosteroid, LDA, statin, tobacco use

Petersen Age, sex, prior GI ulcer, anti—thrombotic drug, ASA,
(2020)*  corticosteroid, NSAID, SSRI

Abbreviations: ASA, aspirin; CVD, cardiovascular disease; DM, diabetes
mellitus; GERD, gastroesophageal reflux disease; GI, gastrointestinal;
GPA, gastroprotective agent; HZ2RA, H2-receptor antagonist; HL,
hyperlipidemia; HTN, hypertension; LDA, low-dose aspirin, NSAID,
non-steroidal anti-inflammatory drug; OA, osteoarthritis; PPI, proton
pump inhibitor; RA, rheumatoid arthritis; SSRI, selective serotonin
inhibitor.
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01/01/2016
|

[_] Continuous use of anticoagulant
I Continuous use of NSAID

Cohort entry

Gl com-
07/2016 l 06/2017 3111212018

Baseline period

Exposure period E
1

t—= 30days -==-~=~ ‘2 !
| I
! Completion Restart of
! of NSAID NSAID
Start of concomitant End of continuous
anticoagulant and NSAID anticoagulant use

Figure 2. Diagram of the design and protocol in Study 1

Since both anticoagulants and NSAIDs were used, cohort entry date

was the initiation of concurrent use of anticoagulants and NSAIDs.

Abbreviations: NSAID, nonsteroidal anti—inflammatory drug; GI,

gastrointestinal.
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Start date of End date of End date of

hospitalization1 hospitalization1 hospitalization4

Start date of End date of
hospitalization5  hospitalization5
1 1

hospitaliza | hospitaliza || hospitaliza | hospitaliza hospitaliza
tion1 tion2 tion3 tion4 tions >

|

One admission episode

Figure 3. Construction of admission episodes

The admission episode was linked to the start dates and the end
dates on the hospitalization claims, regardless of the identification

number of the medical institution.
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4. = Al&9 H 7} (exposure)

obE o] AMEE 7} R dlEsts ATC Z=E o] &3to] Felstsl
o AT dSuAd = HElYl K A A (vitamin K antagonist, VKA)$}

A8 1A (direct oral anticoagulant, DOAC)E X338} t}.
NSAID= HIAdE4 NSAIDS 9% COX-2 JAA=z FFsalvt
(Table 6). GPA°l| & PPI®F H2RAZF 235t H2RAE GPAo E3
Sl o] f-= dF Thol=gllo A NSAID AlbgAlel A4 PPI =& H2RAS]
AHES AFE T dden® H2RAE Yubdom kel NSAID
d 9 T AU 98 A=) Wil k. Misoprostol H W
o] YF HQowm=z At GPAL AFE 7]7Fo] NSAID X8 7]3F
7 80% ol TEHE AS AEs 93 WS o W(gastrointestinal
prophylaxis, GI prophylaxis)©. & A3t ¢kE o Alg 7|71 B
S EE 80%=E tFetal, olE syl s AW Al 25%E
%718k tH(Figure 4).%

FguAY A% 8-S HAss] Aste] B FSuAL Ay o

% tH(Figure 4).
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Add 25% of Rx period Add 25% of Rx period Add 25% of Rx period

— prE

-—— " \
i 0 1 . ] |

Rx1 of Rx2 of Rx3 of Rx4 of
Anticoagulant Anticoagulant Anticoagulant Anticoagulant

Continuous use of anticoagulants

Figure 4. Definition of continuous medication use

The duration of medication exposure included an additional 25% of
the days of medication supplied to account for non-adherence.
Consecutive exposure of medication was allowed with a 30-day gap

between the medication exposure of each prescription.

_31_



INMHI

TOVIZON QIBWN[JILLIOW ‘OPINSIWIU ‘QUOJOWNJRU ‘QJRUISA]

‘CCXVTIOIN ‘LIXVION ‘TOXVIOIN ‘XVIQIN ~ UIXIUO[D ‘djewn[jiu[e} ‘PIoe dlWBUSjoOW ‘usjoldngrxap
TOOVIOIN ‘€SHVION ‘TSAVIOIN TIAVIOIN  ‘PRe dtusjoldeny ‘uojoldiqun(y ‘usjoIdous) ‘Uu9jo1doloy
TIAVION ‘60dVIOIN TOAVION ‘COAVIOIN  ‘Uoxoideu  ‘usjordnqr  ‘usjordojez  ‘usjordigniad
‘TSAVIOIN Z0AVION ‘TOAVIOIN ‘AVIQOIN  ‘U9JoIdOXOl  ‘WEDIXO[PW  ‘WEBIIXOWIO  ‘wedrxoaid
‘900OVTOIN ‘SOOVTOIN ‘TOOVIOIN ‘OVIOIN ~ WEOIXOUID  ‘OBUSJO[O90B  ‘OB[0I039Y  ‘Uldejowmn[3oid
‘CCAVION ‘9TAVION ‘STAVION FIAVIOIN  ‘UOBJoWaOR ‘OB[OPO3D ‘OBULJO[IIP ‘Oepurng
TIGVION ‘QOVION ‘SOIVTION ‘Z0dVTOIN SAIVSN 9ATOS[ESUON

LOHVTOIN ‘COHVIOIN ‘TOHV I0IN qrxooewod ‘(qIXOJLI0}d ‘qIX0I9[RD :SIOQIUUI Z-X())
SAIVSN

C0AVIOd ‘20AVIOd ‘T0AVIOd ‘L0dV10d UB(EBXOIBALL ‘UBgeXOpa ‘Uene3iqep ‘Ueqexidy
(OVO() siuengeodnue [BIO JI9II(]

NAALNS ULIBLIB A\

(V3 A) Istuogejue 3| urueIr\

9pod DLV SUOTIBIIPITA

1 ApmiS Ul pasn sopod DY PUB suonedpaw ainsodXy ‘g dqe],



IMMI

10d49c0V

VIOV 20Vde0vV

4

[03S0IdOSTIN

QUIPTBXO0JI ‘QUIPIURI

TYOVIZOV ‘Q0VIZ0V  ‘COVdZ0V ‘TOVIZ0V ‘Suipneziu  ‘QuIpnnje[  ‘QUIPHOWR]  ‘QUIpHoWI)
(VHZH) Istuogejue 103dodar ¢f

XEZ0V ‘900€20V ‘S00420V D071 “D[0zeadoSUB[XOp ‘D[0ZEA0DOSD

YOOIV ‘CON9GZ0V  ‘2009Z0V  ‘T009Z0V  ‘Oozeidoqer ‘ojozeidosue] ‘ojozeidojued ‘ojozeidowi()
(Idd) Ionquyur dumd-uojold
°Po> DLV SUOT)ROTPOIN

peonuuniuo) ‘9 9[qeJ,

e



Agstdeh. 3 A7 oldis= 717HS NSAIDO Fd, Az} 2ol
NSAIDS] Apgoll ®sl7t AS wupth Al AIZF F-3H(time interval) & &
®8k3l th(Figure 5).°Y 7zt A17F #2bvle} Al2b-F 8 AlH, NSAID =%
(exposure) FEIE EAISTE GPAS AM&ol| tiaiA % wp7A R A5
o ~= 7]ZF W GPA AE-9] ®glo] whel Az s 2Esta, 7}
A7 7o) A #-EE A GPA =% AHE %A89TH NSAID =
= W& A 733 GPA =F° wE AF o] dXEHA] o
2, NSAIDSF GPA9 =& JHle] x| uet Azt

s A%, dl9 AZF kel NSAID % GPA =% AHE waded
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Treatment episode

\
[ \

Start of concomitant End of continuous
anticoagulants and NSAID anticoagulant use
Add 25% of Rx period Add 25% of Rx period
1 . [ ' plication

! Intervall ! Interval2 ! Interval3 ' Intervald !

tO tl tz l3 t4

Figure 5. Constructing data for time—dependent variables

Time intervals were divided for each change in NSAID exposure
within the treatment episode. For each interval (intervall, interval2,
interval3, interval4d), the start point, end point, and NSAID exposure

were indicated.
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HE e AT =8 F FHFY AP /AT dHK
A% ot~y H(low—dose aspirin, LDA)¥} P2Y, SGAAE *3t3l &g

A

p

, corticosteroid, XA¥ZA ANZEY AZF  JA A (selective
serotonin reuptake inhibitor, SSRI), bisphosphonate?} &% ¢1th A
ZEU-=2 3y zd A& o} 7| A (serotonin—norepinephrine

reuptake inhibitor, SNRD= 933% 33 {93 AdAo] glohe o

A AP s xdte] xFEA Fith FEe WE AHEES T ookEo
A 7)7k0] H 2 80% ol A w AgHATkY g el £ oF

EW o] g JAl ZE== Table 89 8.9k o] 2t}
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The total population of Korean
who satisfied the following:
* diagnosis for arthritis
* age > 65 years
* NSAIDs > 1 prescription

N=2,570,122

v

Oral anticoagulants > 1 prescription
N=157,424

Y

Concomitant user of
anticoagulants and/or NSAIDs
N=143,444

|

New concomitant use of
anticoagulants and/or NSAIDs
N=96,444

Excluded (n=4.065)

»| ¢ Esophageal varix (n=58)

* GI cancer (n=1,862)

* Mallory-Weiss Syndrome (n=28)
* Coagulopathy (n=2.371)

v

Final study population
92,379 patients
97,290 treatment episodes

Figure 6. Flowchart of the cohort selection for Study 1

Abbreviations: GI, gastrointestinal;, NSAID, nonsteroidal

anti—inflammatory drug.
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AT ZIE A9 At AE 2 BAF e 754 mIRE 75-844], 85
Al o] g2 Z+7t 458%, 46.1%, 8.2%°| At A2 70.4%c°| o™ E3
H sxpe] #ddd A A gyl (=ddd 87.8%; W
nhEl A E Y 12.2%). FE Al AR F8 AT AAE(40.6%),
T F dd AHFT AH@51%), B dHd MHF(23.0%) ol At
AT A9 o 25%e= FHEE  wwelx €2 AFH AG
(uncomplicated ulcer)S @3RI 1.1%E FHES sHks 9143 A

%k (complicated ulcer)S 73

5} A tH(Table 9).
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Table 9. Baseline characteristics of the population in Study 1

Baseline characteristics (n=92,379) N (%)
Age, years, mean = SD 75.52 + 6.14
Age, years, median (IQR) 75 (71 - 80)

65-74
715-84
> &5
Women
CCI score, mean £ SD
CCI score, median (IQR)
Indications of anticoagulants
Atrial fibrillation
Venous thromboembolism
Surgical-related thromboprophylaxis
Ischemic heart disease
Mechanical heart valves
No applicable indications
Indications of Arthritis
Osteoarthritis
Rheumatoid arthritis
Alcoholism
Anemia
Cancert (except GI cancer)

Chronic obstructive pulmonary disease

42,260 (45.8)
42,576 (46.1)
7,543 (8.2)
65,045 (70.4)
2.04 £ 2.29
2 (0-3)

37,487 (40.6)
20,310 (23.0)
23,206 (25.1)
6,235 (6.8)
1,870 (2.0)
3,271 (3.5)

81,139 (87.8)
11,240 (12.2)
1,406 (1.5)
30,037 (32.5)
5,886 (6.4)
45,307 (49.1)
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Table 9. Continued

Baseline characteristics N (%)

Chronic obstructive pulmonary disease 45,307 (49.1)

Chronic renal disease

Mild to moderate 2,634 (2.9)
Severe 897 (1.0)
Diabetes mellitus 12,578 (13.6)
Gastroesophageal reflux disease 44,799 (48.5)
Heart failure 41,834 (45.3)
Hypertension 60,061 (65.0)

Liver disease
No cirrhosis 17,561 (19.0)
Cirrhosis 1,270 (1.4)
Myocardial infarction 1,325 (1.4)

Renal disease
Mild to moderate 2,634 (2.85)
Severe 897 (0.97)

Prior GI ulcer

GI ulcer without bleeding or perforation 24,840 (26.9)
GI bleeding or perforation 1,046 (1.1)
Prior major bleeding¥ (except GI bleeding) 1,316 (1.4)

t Patients with gastrointestinal cancer were excluded from the cohort.

¥ Patients with gastrointestinal bleeding were identified in prior
gastrointestinal ulcer.
Abbreviations: CCI, Charlson comorbidity index; DM, diabetes mellitus;

GI, gastrointestinal; IQR, interquartile range; SD, standard deviation
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jubad
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Zhgk 3 FHSTS F 66071(0.71%) 0] HASFATH LA ES 100
d B 141 (95% CI 1.31-152)] HAd Azha 948 gz o

F2(4307, 65.15%)2 A Fsky Ads SAlC ZHA A AW 9

] 48 vk AE Tl ARt g S-S 1697

Al
A

(25.61%), st 7oA vt LS WL 6171(9.24%) =2 7HE A
2 tH(Table 10).

Azret 93 S ¥9A] 2AE(crude incidence rate, crude IR)
< gguA dx2H[IR, 064 (95% CI, 056 -0.73)], 5342 COX
-2 AAA e WHE[IR, 1.50 (95% CI, 1.18 -1.82)], &-&aLA|

H-E[IR, 3.60 (95% CI, 3.22-398)] «+o2 <715l

_51_



Table 10. Incidence of serious GI complication in Study 1

Incidence of serious GI complications Cohort (n=92,379)

Follow—up, person-years (PY) 46,685

No. of events (%) 660 (0.71)
Upper 169 (25.61)
Lower 61 (9.24)
Unspecified 430 (65.15)

Crude incidence rates per 100 PY 1.41 (1.31 -1.52)

Abbreviations: GI, gastrointestinal; IQR, interquartile range.
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Table 11. Incidence rates of serious GI complications among patients

who started anticoagulants and/or NSAIDs

Number Person Crude IR
Medications of -years per 100 PY
events  (PY) (95% CI)
Anticoagulants and COX-2 8 5678 150 (118-182)
inhibitors
Anticoagulants and nsNSAIDs 346 9,606  3.60 (3.22 - 3.98)
With a PPI 77 2,564  3.00 (2.33-3.67)
With a H2RA 114 3,114  3.66 (2.99 - 4.33)
Without GPA 155 3,929 394 (3.32-457)
Anticoagulants without NSAID 229 35,595  0.64 (0.56 -0.73)

Abbreviations: CI, confidence interval; COX-2 inhibitor, cyclooxygenase—2

inhibitor; H2RA, Histamine; receptor antagonist, IR, incidence rate; NSAID,

nonsteroidal anti-inflammatory drug; PPI, Proton pump inhibitor.
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Z7A 9¥v](adjusted hazard ratio, aHR)E T3] 4 ztat 3o &4

Fol UF AP FASRHATh FSuAG vHEY NSAD HERWL
FeaA wEAGel Hstel A7 AFw FYFe AFol 534

[aHR, 525 (95% CI, 438 - 6.28)] Z7}8k9ith, o mAl A m A, Ae =
COX-2 AAAE A At&ete BeolE F&aAT AFgst= 45
sl Azkek g3 8o f1del 199 [aHR, 1.88 (95% CI, 1.44 -

2.45)] frelstAl S 7Fst vk (Table 12).
g¢1A X5 Al NSAIDS] W82z Qlste] F7ist 43 AW ZF
AL, PPIS] F7HAHE GHElol] $13n817F H4ad AAY ®Belov, oA
G5 A& (reference) H.oh A 7Fs 91 W 5o o]

& skt (Table 12).
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Table 12. Risk of serious GI complications among patients who

started anticoagulants and/or NSAIDs

Number .
Medications of Hazard ratio
(95% CI)
events
Anticoagulants and COX-2 85 1.88 (1.44 - 2.45)
inhibitors
Anticoagulants and nsNSAIDs 346 5.25 (4.38 - 6.28)
With a PPI 77 2.53 (1.85 - 3.47)
With a H2RA 114 5.79 (4.58 -7.32)
Without PPI or H2RA 155 7.04 (5.70 - 8.69)
Anticoagulants without NSAID 229 1.00

Hazard ratios were adjusted for prior GI bleeding or perforation, age, sex,

several comorbidities, and medication exposure.

Abbreviations: CI, confidence interval; COX-2 inhibitor, selective inhibitors

of cyclooxygenase-2; NSAID, non-steroidal anti-inflammatory drug;

nsNSAID, nonselective NSAID.
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ool
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ks

&34 9} NSAIDS] 54 = ol

2

| 2ol A, COX-2

ZArHaHR, 031 (95% CL, 0.22 - 0.44)]. PPL o] A, H2RA owe

[aHR, 0.53 (95% CI, 0.35-0.79)] (Table 14, Figure 7).
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After matching

e No. of No. of Adjusted hazard ratio”
Medications
patient event (95% CI)
Gl preventive strategies vs. nsNSAID without GPA
Anticoagulant + COX-2 inhibitor 14,587 53 0.26 [0.19; 0.36]
Anticoagulant + nsNSAID without GPA 14,587 107 1.00
Anticoagulant + nsNSAID with PPI 12,444 36 0.36 [0.25; 0.53]
Anticoagulant + nsNSAID without GPA 12,444 98 1.00
Anticoagulant + nsNSAID with H2RA 17,028 81 0.82[0.61; 1.09]
Anticoagulant + nsNSAID without GPA 17,028 116 1.00
Comparison between Gl preventive strategies
Anticoagulant + COX-2 inhibitor 14,476 50 0.68 [0.45; 1.03]
Anticoagulant + nsNSAID with PPI 14,476 46 1.00
Anticoagulant + COX-2 inhibitor 17,509 53 0.31[0.22; 0.44]
Anticoagulant + nsNSAID with H2RA 17,509 80 1.00
Anticoagulant + nsNSAID with PPI 13,327 39 0.53 [0.35; 0.79]
Anticoagulant + nsNSAID with H2RA 13,327 61 1.00

1
00 05 10 15
Adjusted hazard ratio

Figure 7. Forest plot comparing preventive strategies for GI

complications in concurrent NSAIDs and anticoagulants therapy

Hazard ratios were adjusted for prior GI bleeding or perforation,

age, sex, several comorbidities, and medication exposure.

Abbreviations: CI, confidence interval, COX-2 inhibitor, selective

inhibitors of cyclooxygenase—2; GPA, gastro—protective agent;

NSAID, non-steroidal anti—inflammatory drug; nsNSAID,

nonselective NSAID.
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Table 18. List of potential predictive variables in study 2

Age®VH): 85+, 75-84; 75-84 (years)

33)34)36)-

Sex . male; female

Type of NSAID*: nonselective NSAID; COX-2 inhibitor

High dose of NSAID?

Concomitant medications

Antithrombotic agent®"

Direct oral anticoagulant®"®

Vit.K antagonists™?®

Heparingg) 36)

Low molecular weight heparin®"®

Thrombolytic agents™>*

Other anticoagulants®

Low dose aspirin33)34)36)

P2Y, inhibitor®?®
PDE; inhibitor™
Bisphosphonate®™’

Calcium channel blocker™
Glucocorticoid3?343¢

GPA": PPI; H2RA; misoprostol; P-CAB; rebamipide; artemisia.
HMG - CoA reductase inhibitor™

Selective serotonin reuptake inhibitor™
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Table 18. Continued

Selective norepinephrine reuptake inhibitor™

Charlson comorbidity index score®”

Comorbidities

Alcoholism?”
Atrial fibrillation®

Cancer® (except GI cancer)

Cerebral vascular disease™

Chronic obstructive pulmonary disease®”

Congestive heart failure®

Dementia®"

Diabetes mellitus™

GERD®

History of GI ulcer™":

with bleeding or perforation; without
bleeding or perforation
History of major bleeding

Hyperlipidemia®’

Hypertension™

Human immunodeficiency virus infection®

Inflammatory Bowel Disease™
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Table 18. Continued

)

Liver disease’: cirrhosis; any, no cirrhosis

Myocardial infarction®”

Osteoarthritis'”

Peripheral vascular disease

)

Renal disease®: severe; mild to moderate

Rheumatic disorder®

HZ2RA, Histamine; receptor antagonist,; GI, gastrointestinal, GPA,

gastroprotective agents; NSAID, non-steroidal anti-inflammatory

drug; PPI, Proton pump inhibitor; NSAID, nonsteroidal

anti-inflammatory drug.
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(HIRA-APS 2019)&= A% HARE 54 @9 aFo=z FUA W

2 Al on 80M ol shue] ARt om Fo AlFsta AT
[th&2 o] 7FA A8 a2Fo= AFF: 1) 65-69A4, 2) 70 - 744, 3) 75
=794 4) 80A o] .

P2 H A8 NSAIDoF 8% COX-2 AAAR &7

$1217F NSAID &8 713Fe] HA 0% ol A A
OFE S A}83F A9 ‘NSAIDSIe] B 48 QA AL o2 #ad w4
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DOACE xstst A4 &33uA 2 1 9 &334, bisphosphonate,
corticosteroid, GPA, HMG-CoA 3 34 A A, SSRI, SNRI, Z+
Ad ZkAl(Table 19). GPAYl+= PPIL misoprostol, H2RA, P-CAB,
rebamipide, 1% %% (eupatilin)©] ¢ =}
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AE 2dol 238 AFAFAAE o), A, olde] AZE A%

# 9= 43, NSAIDS &% AHg NSAIDS #3, PPL, H2RA, &

el
r>~l

A, glucocorticoid, SSRI, &35 2123t T35 1A (FHAEH), Lol
ot AFEA9A T PDE; JAA = e FAAT folshA] & AL
2 g E Y. GPAA = PPI®F H2RA

P-CABE AH§ WEZb wob EAA folyel m@sd Eagon,
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kel
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fin)
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wn
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o,
_E

rebamipide®} °§ 9 FE=(eupatilin)> A2He 948 FHF A3S 7
A 71A] E3It). Bisphosphonate: HE B4 Axlo] T3y ony
bisphosphonate W 2] A A o]&d %= AUROC kel 3= v XA &
X7 oA (FAAGT #hol FE EAUE AAN Hogs) oFEE
A S fAste] AAGAT. 24 1 dSAA e @dd s =24 2
ZH| &= Table 23] A A8}t

Ao S ol st AUROCE Altgt A3, = dlo]E M EofA
0.78 (95% CI, 0.77-0.79), W A< doly AMEAA 0.77 (95% CI,
0.76 - 0.78), &% A5 dHeoly MES A5 0.77 (95% CI, 0.75 - 0.80)=
A=A HTable 24). B8 =49 7] &7]= Al 7HA] HolE A E]A
Ztzb EAUE 111, 1.10, 1.092 43 R4S B A tH(Figure 10).
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Table 24. Performance of prediction scores using logistic regression

analysis

Predict; . logisti .
rediction scores using l0giStiC regression AUROC (95% CD

analysis

Internal training dataset 0.78 (0.77 - 0.79)
Internal hold-out validation dataset 0.77 (0.76 - 0.78)
External validation dataset 0.77 (0.75 - 0.80)

Abbreviations: AUROC, area under the receiver operating characteristic
curve; CI, confidence interval.
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Figure 10. Calibration curves for serious GI complication
in the risk scores using logistic regression analysis

(A) The development dataset (calibration slope=1.11)

(B) The internal validation dataset (calibration slope=1.10)
(C) The external validation dataset (calibration

slope=1.09)
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(2) LASSO 3#AEH S o&% HF

2
B[\
b

4 e

AAF7E o]y W49l LASSO ARAS 339 7] Wit =
(Ao gk o3 HAx} 24 (binomial deviance curve) % A4 TR}
& 2 EZ(coefficient profile plot)= AAdsFA H(Figure 11). #4 ¢t}

(lambda)= wAHT A7F HAge] 1 25 o2 oo 7H 2 &
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Figure 11. Selection of parameters at varying lambda values

(A) Tuning parameter selection in the LASSO model used 10-fold

cross—validation

(B) LASSO coefficient profile plot of the 45 features
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Table 25. Risk scores in developed prediction model

Predictive factor Coefficient Score
Age

> 85 0.9997 10

7 — 84 0.4164 5
Male 0.2928 3
High dose of NSAIDs 1.4809 15
Type of NSAIDs: nsNSAID 0.1673 2
Concomitant GPA

Proton pump inhibitor -0.3957 -4

H2 receptor antagonist -0.1412 -1
Concomitant antithrombotic agents

Anticoagulants + dual antiplatelets 1.1964 12

Dual antiplatelets 0.9829 10

Anticoagulants only 0.8518 10

Single antiplatelet 0.5266 5
Concomitant glucocorticoid 0.4527 4
Concomitant SSRI 0.2016 2
Concomitant bisphosphonate 0.1059 1
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Table 25. Continued

Predictive factor Coefficient Score
Concomitant LMWH 0.4844 4
History of GI bleeding or perforation 1.7047 17
Severe renal disease 0.5919 5}
Liver cirrhosis 0.4654 5
Cancer (except GI) 0.1430 1

Anticoagulants included warfarin and direct oral anticoagulants, and
antiplatelets included low dose aspirins and P2Y;» inhibitors.
Abbreviations: GI, gastrointestinal, GPA, gastroprotective agent; LMWH,
low—molecular weight heparin; NSAID, nonsteroidal anti-inflammatory
drug; nsNSAID, nonselective nsNSAID; SSRI, selective serotonin
inhibitor.
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Td dolEl AE 9 R HF dlely AECA AUROCE 7+t
0.80 (95% CI, 0.79-0.80) % 0.79 (95% CI, 0.78 - 0.80)¢] 2 th(Table
27). 9F A5 IS ES AUROC+ 0.79 (95% CI, 0.75-080)0= E+&
AUROC7} 3§ 7Fs38t A5 (acceptable discrimination)< X .91 thH(Table
27)."”

T4 doly AE, WF AT dHely AE, ofF 1435 HelH AE9]

BA FHe BA 7|7 BE £AYE 111, 111, 11028 2% A3

M=
d5da7t S7hgel w4
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Table 27. Performance of prediction score by derivation and validation

cohorts

Dataset

AUROC (95% CI)

Internal training dataset

Internal hold-out validation dataset

External validation dataset

0.795 (0.799 - 0.812)

0.791 (0.781 - 0.810)

0.793 (0.771 - 0.814)

Abbreviations: AUROC, area under the receiver operating characteristic

curve; CI, confidence interval.
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Figure 12. Calibration curves of serious GI complication in final
prediction scores

(A) The development dataset [calibration slope =1.11 (95% CI,
1.11-1.1D)]

(B) The internal validation dataset [calibration slope =1.11 (95% CI,
1.10 - 1.1D)]

(C) The external validation dataset [calibration slope =1.10 (95% CI,
1.10-1.11)]

Abbreviations: CI, confidence interval, GI, gastrointestinal.
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Figure 13. Calibration plots by deciles of NSAID users

The risk of GI complications increases as the prediction scores increase.

Abbreviations: GI, gastrointestinal. NSAID, nonsteroidal anti-inflammatory

drug.
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o] %, 0.73; Table 28).
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Elderly patients are vulnerable to serious gastrointestinal (GI)
complications, such as GI bleeding or perforation, due to the use of
nonsteroidal  anti-inflammatory  drugs (NSAIDs). Korean and
international guidelines on NSAID-related GI complications consider
advanced age, anticoagulants, and anti—platelet agents as risk factors
for GI complications. Not only do elderly patients fall into the
high-risk category themselves, but they also commonly take
co—medications that further increase the likelihood of experiencing GI
complications. However, there have been limited studies conducted on
preventing GI complications in high-risk elderly patients who use
both NSAIDs and anticoagulants, specifically. Moreover, research on
high-risk patients in Korea is particularly scarce.

To effectively reduce the risk of GI complications in high-risk
elderly patients using NSAIDs, it is crucial to predict the risk and
prioritize high-risk patients who require intervention. Unfortunately,
there 1s a lack of studies focusing on predicting NSAID-related GI
complications for the elderly population, especially those incorporating
GI preventive factors.

This study aimed to evaluate the risk and prevention strategies for
serious GI complications in high-risk elderly patients who use both
NSAIDs and anticoagulants. Additionally, the study aimed to develop
and externally validate a risk prediction score model that could
identify high-risk patients for serious GI complications among elderly
patients using NSAIDs.

The study utilized the National Health Insurance Claims Database
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from the Health Insurance Review and Assessment Service. In Part 1
of the study, the risk of serious GI complications and their prevention
strategies were evaluated for elderly patients using both NSAIDs and
anticoagulants. A cohort study was conducted on elderly patients (>
65 years) who initiated concurrent use of anticoagulants and NSAIDs
between 2016 and 2017. The outcome measure was the first
occurrence of serious GI complications, defined as hospitalization or
emergency department visits due to GI bleeding or perforation.
Propensity score matching and a time-dependent Cox model were
used to assess the risk of GI complications.

Among the final cohort of 92,379 patients, 660 cases of serious GI
complications occurred, resulting in an incidence rate of 1.41/100
person-years (95% CI, 1.31-152). The concomitant use of
anticoagulants and NSAIDs increased the risk of serious GI
complications by 5.3 times (adjusted hazard ratio [aHR]: 5.25; 95% CI,
4.38 - 6.28) compared to anticoagulant monotherapy.

During the concomitant therapy of anticoagulants and NSAIDs,
adding proton pump inhibitors (PPIs) or substituting with
cyclooxygenase—-2 (COX-2) inhibitors was associated with a 0.36-fold
lower risk (aHR: 0.36; 95% CI, 0.25-0.53) and a 0.26-fold lower risk
(aHR: 0.26; 95% CI, 0.19-0.36) of serious GI complications,
respectively, compared to non-GI prophylaxis. The use of COX-2
inhibitors showed comparable lowering risk of serious GI
complications to nonselective NSAIDs with PPIs (p=0.08). However,

the addition of H2 receptor antagonists (H2RAs) did not prevent
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serious GI complications (p=0.16).

In Part 2 of the study, the development and external validation of
an NSAID-related risk prediction score model for serious GI
complications were performed. A nested case-control design was
conducted, including elderly patients (= 65 years) who consecutively
used NSAIDs for 30 days or more. The outcome variable was serious
GI complications, which was the same as in Part 1. The logistic
minimum absolute shrinkage and selection operator (LASSO)
regression analysis was conducted for variable selection and model
fitting, and 43 variables were included in the analysis. The
development cohort identified 8,176 cases with serious GI
complications and 81,760 controls, matched in a 1:10 ratio for the
follow-up period (the duration of NSAID treatment). The external
validation cohort consisted of 372 cases among 254,551 elderly
patients (> 65 years) using NSAIDs. The final model included 14
predictive factors: high-dose NSAID use, type of NSAID, history of
complicated GI ulcers, male sex, concurrent use of GI protective
agents, anti-thrombotic agents, bisphosphonates, corticosteroids,
glucocorticoids, selective serotonin reuptake inhibitors, severe renal
disease, severe liver disease (cirrhosis), and cancer. The area under
the receiver operating characteristic curve in the external validation
was 0.79 (95% CI, 0.77 - 0.81).

This study demonstrated that adding PPIs or substituting with
COX-2 inhibitors when using NSAIDs reduced the risk of serious GI

complications. Furthermore, the risk prediction model developed in this
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study can serve as a valuable tool for identifying high-risk elderly
patients using NSAIDs and reducing the risk of serious GI

complications.

keywords : Nonsteroidal anti-inflammatory drugs, prediction
model, GI prophylaxis, GI complication, risk factors,

older patients
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