Symposium

J Korean Orthop Assoc 2020; 55: 9-28 e https://doi.org/10.4055/jkoa.2020.55.1.9

pISSN : 1226-2102, elSSN : 2005-8918

www.jkoa.org

Non-Operative Management of Musculoskeletal Pain
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Current Guidelines for Non-Steroidal Anti-Inflammatory Drugs

Min-Gyue Park, M.D., Jae-Doo Yoo, M.D.”

, and Kyu-Ho Lee, M.D.

Department of Orthopedic Surgery, Ewha Womans University Mokdong Hospital, Seoul, Korea

Non-steroidal anti-inflammatory drugs (NSAIDs) are the most commonly used drugs worldwide for chronic pain, such as arthritis, and
there are many different types depending on their composition and mechanism. After long-term use, various side effects can occur,
such as gastrointestinal and cardiovascular complications. With a similar analgesic effect to that of traditional non-selective NSAIDs,
cyclooxygenase-2-selective NSAIDs have been highly anticipated, because they could complement gastrointestinal tolerance. On the other
hand, because of concerns about cardiovascular safety in 2004 and 2005, and the license withdrawals of rofecoxib and valdecoxib, the
interest in the side effects of NSAIDs is increasing. Therefore, it is important to use the necessary drugs at a minimum, considering the side
effects and interactions of each drug. This study examined the side effects and characteristics of each NSAID that may occur and reviewed
the recent research and guidelines related to the use of non-selective NSAIDs and cyclooxygenase-2-selective NSAIDs.
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NSAID+= ot~ F(acetylsalicylic acid)e] 1897¢0] 7HFe 2. NSAIDS| ZEH a2l Hxla
ojff| 2 tpFet FFE NdE ] Ktk 196497} 196999l = A EH o R= FFEE wi- o] dAS HH HEA O salicylic
WA v] A& NSAIDQ! indomethacin®} ibuprofen©] 543  acid =A™ ™), indole (S1E=HEFAD), acetic acid F-=
.o 19744 diclofenac, 1976 naproxen®] MEA 545  Al(ketorolac, diclofenac), propionic acid S-=A|(ibuprofen,
Aot NSAID+= COX AE1A, s1sha A4, oFelsha 4o u}  naproxen), fenamic acid f+EA(mefenamic acid, me-
2} trofolA BEE clofenamic acid), enolic acid F-E=A|(piroxical, meloxicam)

NSAIDE COX AleiAjof whehba] v]Adeiz] NSAID?F COX- W diaryl heterocyclic compound (celecoxib, etoricoxib)7}
2 AE)7 NSAIDE E-FHct vjA=a NSAIDE COX-13F  Qlth? Aybe 0 & NSAIDE B 28 Alo] &2 A% 0| 852
COX-2Z H% JA5H= whgof| o]Zof /el COX-2 A8l Holw AoA 2 E5H T 7F 482 w2 Holr}? 17
Z NSAIDE th7i COX-29HE ASHc}. Bl A8A NSAIDE U 9kEo] weh A &= &0 2fo|7} Q17] wfo] whE A
COX-1= #&o] dAst7] wizo] Y=ol o ano] s & F5 $=E Ad NSAID+= S244Q 26 2a3E AT sk
FEAT 28-S OoAA A A 22 A F48 SAECIA -85k TR 552 40k SRl = &
& HIHS] doxivh= A AQ1 o] AUt o]Fo] COX-2  AshA] gt

TS Ao g JA st 44, XE B FA5HHA NSAID= E3H gHt7]o] wet %2 vH7iet 11 jE71E A
COX-1 Ao = QIsf| A7|= tefel #a8-Z ol dT 4= vt d & 7HA] 2522 ERFHErh wW2hA ibuprofen, diclofenac}
£ 7|3t 4 COX-2 484 NSAID7F 54319tk COX-2 22 &2 §717]9] NSAIDE ¥Hhd oz 6-8A|7t 7HEo=z &
AeZ] NSAIDE 94t S50 S-S So] okl 9212 o5 naproxen, celecoxib®t 22 71 ¥k17]S 712 NSAID
uhd, Ay 9 A4 Bakgo] gisjAls of] =gto] gof 9l OFE-L 5120 18] T 23] HEE FoIFtK(Table 1)
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Table 1. Non-Steroidal Anti-Inflammatory Drugs (NSAIDs) Classification and Characteristics’™

COX Elimination Low dose- Maximum dose Drug characteristics and
selectivity* half-life (h) intermediate dose (mg) (mg) side effects

Ibuprofen 1.69 1.8-2.0 400 three times a day 800 four times a day Inhibition of antiplatelet effect in
600 three—four times a day-qid combination with aspirin

Diclofenac 0.05 2 50 twice a day 50 four times a day  Attention is needed in high-risk

sodium 75 twice a day patients due to the high CV risk

Naproxen 1.79 12-15 250 three times a day 1,250 0nceaday  Thisis a 1st choice drug in patients

500 twice a day with a high cardiovascular risk

Gl side effects were a disadvantage,
but the use of PPI mixed drugs has
increased recently

Meloxicam 0.09 15-20 7.5 once a day 15 once a day This drug has partial selectivity in
7.5 once a day COX-2 inhibition
Skin hypersensitivity is higher than
with other NSAIDs
Celecoxib 0.11 11 200 once a day 200 twice a day This drug is less Gl toxic and less
200 twice a day interaction with aspirin

Attention is needed in high-risk
patients due to the high CV risk

Ketoprofen 8.16 2.0-2.4  25-50 three times a day 300 once a day Higher kidney and Gl toxicity
75 three times a day compared to other NSAIDs
Piroxicam 0.79 30-86 10 once a day 40 once a day The risk of Gl toxicity is high and the
20 once a day skin sensitization rate is as high as

that of meloxicam

*The ratio of 50% inhibition of cyclooxygenase-2 (COX-2) and 50% inhibition of COX-1 in whole blood. A ratio less than 1 means high COX-2
selectivity. GV, cardiovascular; Gl, gastrointestinal; PPI, Proton pump inhibitor.
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3. NSAIDQ| ZI& s} 4. NSAIDQ| £xtg2
NSAID= #E 99 Al zolA flofatol vlsh D7 |IZtell= #2281 P3E=4
= AYE Aoz ZHHAEY NSAID k= 7H] a3} 2jo]  NSAIDQ] HiE2Ql 2220 1w H2-20 2 10%-60%2]
of qiajAE o 7)o vl A7t APEF=d Oxford  FAENA ERYSH= Ao & LA 3loH 60%2] TAIA 4
league table 5 2F=9] A& BIE AKX 2ol e e, 20| UERAL 20%-30%2] SHAtIA 9] = Aol
71 oy 7t Anint 22 #E S 95U 55 2st AP Age] TS, 1%-1.5%00A AE, £ 22 A2t
o] vlw7} AgtEchs S o] WEsle ofd 7] o 719 A AT RARgo] TS 5= Qi o' A 9t 43
5 ail= B3l Ajo7l Qe Ao A kMY o2 7 AY AGS 34 &8 9 At g Eo] AEQl Al o]
A5a9E v wst el Aso] Qohd &34, 95, 11 & 4 ot v[AEE NSAIDE Y33 duto]| tigh =+42491 1]
e B35 A5 oA HE 87| B]=HA NSAIDs 7ol =t B3te} COX-19f| 9Joff == T2As=ddS 14
& B3 HoA [Fgk Aol HolX| o= ACE Yeht = A4IARI Bite] F 7HA] 7|1Ho] dEA vk B2 o
9 FA2 o £83 Yolo & Hokou} Hoj: ARe] 8
2 A& NSAIDE} B]A =% NSAID 749 B o]=2 9l COX-2 A1E1& NSAIDQ] AW s£o]gjof it
ATE AP Y= I F7HEAE BAos 7l 7MY Lk OB R ofZl2 oo EAfsl= AJEo|tt.
A 9 FotEA Y gAtelA COX-2 AEiA] NSAID= 43p7A F2hg FolAx 53] A 948 o8
NSAID7} B84 2] NSAID®}F 553 A¥FE Hol= A2 ERIF T3 ddHE A2 3] LA Aen 10%-30%2] SEAo]
t}.” Successive Celecoxib Efficacy and Safety study (SUC- Al UIA1744+9] 4317] Fldo] BHAE T 1%-2%2] SRl A=
CESS) AHollA= 13,0000 H9] ZHEA A o2 12 A% 45 AY T35S 4o & Qe Aoz HiEQ]
= o)Ay ISt A3} celecoxib 200-400 mg/day+ naproxen
1,000 mg/day®} diclofenac 100 mg/day%} vl 2% a3} -
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COX-2 A=A NSAID k& 7H9] H|WOo| A% etoricoxib 30 Di:::n:: -::
mg/day= celecoxib 200 mg/day®} S-ARE G35 LERY »  Meloxicam [
5 20164 TSl BEE AAS ey dpds & &
T BAel et NSAIDS obd fAHopioid BS H 2 Ty
A 3= The Western Ontario and McMaster Universities Piroxicam ':I
Osteoarthritis Index (WOMAC) A& 53l H|wst3 o A Ketorolac |
T AT v AE ans Hol: Ao vyt 2015 Azapropazone | |
o] AP WERRY AFHE FHY A2 BAEL T & 1 1 1o 15 2
Fo = 2071A]9] NSAID ZH9] X AFE H[ W63 OH Relative risk (%)
etoricoxib¥ro] T2 NSAIDsO]l H|5)| oJv] Q= 4=5=9] 3%t A . . o . .
" Flgurg 1: Compan.son oflrelatwe nskg of upper gastrointestinal
o complications associated with the use of individual NSAIDs. Data from

the article of Castellsague et al. Drug Saf. 2012;35:1127-46."

Table 2. Differences in an Analgesic Effect between Cyclooxygenase-2 (COX-2) Selective and Non-Selective Non-Steroidal Anti-Inflammatory
Drugs (NSAIDs)

Author Celecoxib (mg) NSAID (mg) Patients number Duration (wk)  Analgesic effect
Bensen'® 50,100, 200 twice aday  Naproxen 500 twice a day 1,004 12 No difference
Goldstein™ 200 twice a day Naproxen 500 twice a day 537 12 No difference
Kivitz'® 100-400 once a day Naproxen 1,000 once a day 1,061 12 No difference
McKenna'” 100 twice a day Diclofenac 50 twice a day or three times a day 1,085 6 No difference
Singh'® 100 twice a day Diclofenac 50 twice a day 13,274 12 No difference

200 once a day Naproxen 500 twice a day

Hochberg™ 200 once a day Naproxen 1,000 once a day 1,234 12 No difference
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t}.?? Non-selective NSAIDs, the Arthritis, Rheumatism, and
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9 piroxicam= 7M Y =7t =tHFig. 1). NSAIDE &
A I8FS B-8ok= F9, celecoxibg AQIgt SFEE0A A
8% W 498 B F90 vAHA T PEZe A
A7 oF 2-4Hfjof] o]2= A= UEIHTh Avtrt Fol &
1%l CONCERN (gastrointestinal safety of celecoxib versus
naproxen in patients with cardiothrombotic diseases and
arthritis after upper gastrointestinal bleeding) @A &l 2]
sh 18711 o|ujo]l A5 gt ol At %ol COX-2
AAIANRA celecoxibe= AL/ EBO] 4 WAIEC] 5.6%= v
§ R3O naproxen®]| & WHEZ 12.3%3t. ol 9
1] Ql= Aoz ZEE HI AAAE TA E-83 Bl= vt
A = YR

NSAID®] 382 37]o] 2 413 gPgaiolet Bilo] 15
EJAE HZol= HY L e WA 59 HE= Qs &%,
ST B2 sk Sgte] el B BT A7 A
S22 1Tt NSAID<= 3H- S1gatol = 2301 M dig7HA] 55743
=) 20 4ol FAE U A%, A, 2] 012
7HA| Tt o] 4= d T 01‘3}2930) NSAID 74 %
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= A% sk Zlo] AR S g S
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AL71ZF WA o7} vtk B sy Qo vjE x

-85t B NSAID F A3 5S
kA Q5|8 G n|8EFS] et
Aokl G A QU9
in 57 A7 A& HAFOE 237t naproxen
I} omeprazole= A3} At o] Fe] mHAPof| A A% W
Huf &4Jo] BFAE T 31t WHA celecoxibE £-8-5F 3
A}t naproxen, omeprazoles ¥-83F -2 H| WS A3}
2 17%2} 55%= celecoxibo] &% W A48t 49] WA E©]
oJu] A F2E WAL 259 T thE AFoAE= ibu-
profen?} omeprazole2 B85t SEALo| A 25.9%, celecoxib
£ E-83F FollA 6.4%, Yol 7.1%2 celecoxib7t o %

U3t AT BT}

.

°7E>J—}74] A 8202 Ad A= COX-2 A4
NSAIDE AH&-SHA v 814 NSAID®} 9143 e A1E =
L3l= AL PRI CONDOR (celecoxib versus ome-
prazole and diclofenac in patients with osteoarthritis and
rheumatoid arthritis) & GI-REASONS (The Gastrointestinal
Randomized Event and Safety Open-Label NSAID Study)
Aol =, celecoxib FHo] T2 A F 2] NSAIDSR= o
27 4, s A o et e &4de] 5 ma gl
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oF2fA gl 04
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Tl oJst B4EA NSAIDSH ZRE BX oA W B oldo] WonE o] 91E 948 7o 97 SRSk By
83K 1S COX-2 A4 NSAID K83} 94K S93A 2 o] Baskth. vl 49p7] it sfelol s G930l SuHe X
2182 Holt 7o Uehton] NSAID w5 283} wlwslgl o] 99 A% TS 71 SIEa A wefsh 9o
2 ) 9 54%0] YL AAT BGLES olnch o AWAOE TP TBASS ARFIIe] A /K9 Hekoz irolA] AR
P4 BAS T4 SO 2 COX-2 A9E NSAID 4132 271512 9IeHTable 3% 0|52 65412 2ol o
9} BRE WX A 83 A0 Chan 579 ATl F, 1G] NSAID A2, 5L FIHA % A2 1A
A WA Aok E8o] Qe vhe TR A0 NSAD &, oA, corticosteroid, A B8-S AR 1
2 AHG3F A3 COX-2 84 NSAIDE ZRE ¥ oAAet  Fatedon ol Mol F5e Fuket A% 3 Ex 4]

oA B-83t Heto] COX-2 Aei& NSAIDE T 283 Hd
of vls} A=d Sl FeoHA W2 A= UEhth
9] sfi¢] et3]9] 2= A& g FEFY AT FoNA =
RS A AFEIHE RS ATohe A BT £ kR
= W E&dh= A2 At vl wokelE o) WA S
ofo] I EL ou] QA AN AFE Ao YRt
ZJtoll= NSAIDEE T B A 2714 oFEo] HES 7T
SH| 5= A8 E3A|(fixed-dose combination, FDC)
7F Aol SA1E AL QU ol E4FH diclofenac sodiumit
Arthrotec® (Pfizer, New York, NY,
USA) ¥ naproxen¥ esomeprazole magnesium< &gt
VIMOVO® (AstraZeneca, Cambridge, UK)7} =U] AJ&of|A]
59 ¥ /5= et ol=et 1885 Bl A, 43
d A5 22 FAOIA S-S A= Al AIAYS
o] ¥y 99 e WHFE Aoz A 9k 20113 dEH
naproxen¥} esomeprazole magnesium 1 3-85 E34] 58
gzt tigt Atol A= ok E-85HA] 92 TRt} H|wSke]
= o HETA AR P Aee] W ECIA Rogk Zjo]
£ Ho|x kit o]gt A Ax 1l #elgL 7|ute g 5}
of FUollA & EFA| O] AR&o] F7FstaL QIA|TE of2] sk 9
ol gt B35 830] ZA= Hou=E Ao glojA o7t
2o Aoz gzt
tt4=2] A-Eol4 COX-2
B2 NSAIDETH 913 3ol SlojA -dstth=
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WIAR H2o] REo= st 1LY SAES HlEFoHA
etom 9 848 | ol Ad Ex=] HisiM e 2=
& HE AAA E= misoprostol 582 % Y 2AE d
15}3 QIt}>? European Society for Clinical and Economic
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RSk sl
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Table 3. Comparison of ACG and ESCEQ Guidelines for Prescribing Non-Selective Non-Steroidal Anti-inflammatory Drugs (NSAIDs)**?

ACG
NSAID alone (at the lowest effective dose)

Variable
Normal Gl risk

Moderate Gl risk
High Gl risk
High CV risk

NSAID+PPI/misoprostol

Naproxen+PPIl/misoprostol

Alternative therapy if possibloe or COX-2 inhibitor-+PPl/misoprostol

ESCEO

NSAID with PP
COX-2 inhibitor=PPI

COX-2 inhibitor+PPI
COX-2 inhibitor+PPI
Naproxen+PPI

ACG, American College of Gastroenterology; ESCEQ, European Society for Clinical and Economic aspects of Osteporosis and Osteoarthritis; Gl,
gastrointestinal; PP, proton pump inhibitor; COX-2, cyclooxygenase-2; CV, cardiovascular.
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o] AP Uct. Kearney 592 HEFLA 1o A]
-2 A e8] NSAIDS}F Yokt 7He] A1zt @3t Aghe]
H w3k 23} COX-2 A#2] NSAIDOJA] oJv] = &
AL Y= F77F = A2 e Vioxx Gas-
trointestinal Outcomes Research (VIGOR) studyolAl= &
utEl A BEY SRS 5 rofecoxib& 50 mg/day 0I5t 7£0]
naproxen 1,000 mg/dayE FoI3F wH T} 48] o)A A4
9] FryEo] Z7toh= Ao & YUERGE O™ The Adenomatous
Polyp Prevention on Vioxx (APPROVe) study* rofecoxib&
25 mg/day FoIgt o] ekt vsiA Ex/d e E 424
Aol AAEr} F7he Aoz LERYTE® o|2jdt EAIE0]
A&7 0 2 A7) =W A rofecoxiby 2004190 Aol H4=5)
%31 valdecoxiba 20050 A5t
COX-29] Ay AA= 1t A FA9 7|HS AefstH
COX-2 A=} #] NSAID| HEuA Fa-80] o Wa 3
ZrEi5)A)k A7 Zoke Yy A e 9k Tk Cele-
coxib+= Alzheimer’s Disease Anti-inflammatory Prevention
Trial (ADAPT), the Adenoma Prevention with celecoxib
(APC) 917 ¥ Prevention of colorectal Sporadic Adeno-
matous Polyps (PreSAP) A 5 3709] A7|7H] 4t Al
51301 200-400 mg/day?] celecoxib E-8-2 APC HTLof|A
= Y 7 A7 FANE AEHA e o3t AFYE
o] oJu] YA EoAl = AL = YETh ADART € PreSAP A
Fol| A= ofu] Q= Aol LrERER] ke g BE Y
I} Botel A A Y SRS A0 2 SF Celecoxib Long-term
Arthritis Safety Study (CLASS) 917-014% celecoxib™} A€
2 NSAID 7Hol| f-9Jgt 2fo|7F vrehtA] 9kgk e w Multination-
al Btoricoxib and Diclofenac Arthritis Long-term (MEDAL)
programme©]| 4= etoricoxib”} diclofenac¥ 53 452
A AT S THES Rt Y g2 vg A1 s
A= COX-29] A=12] NSAIDC} H]AE] ] NSAID 7ol H|s:
3 G JYEE Hole A oE BBt Ffjo]
A AFEFAAE7HE ATAEE v o R AYE 34 A
BT E AFfAE celecoxib®] E-8to] vH]AEZA NSAID £-&
23} B WS W} odd ratio 1.08 (p<0.01)Z AA| A& 2k
o] ¥ go] ou] QA ¥ Ao YEIth E3 AlRHoz
oMY FAT, w3 5184 AEE ARl odd ratio 1.10 (p
<0.001), 1.10 (p=0.02), 1.09 (p=0.005)= Hv]AE& NSAIDO]|
H]8] celecoxibollAl B & THEES Hrh
oje} T2 =AS FEAI7I7] St HAH = AZHH 109 &
ot 24,081%< W42 celecoxib, naproxen, ibuprofen®]
A 74 22 A717F 8|18t Prospective Randomized Eval-
uation of Celecoxib Integrated Safety versus Ibuprofen or
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Table 4. Summary of the Recommendations for Prescribing Non-Selective Non-Steroidal Anti-Inflammatory Drug (NSAID)

Gl risk
Gl risk 1

Gl risk |

Use with low-dose aspirin High risk of kidney*

CV risk | Any non-selective COX-2 inhibitor+PPI
NSAID+PPI
CV risk 1 Naproxen+PP| Avoid prescribing NSAID
If necessary,
Naproxen+PPI

Naproxen+PPI or low dose
celecoxib (200 mg once a day)

Avoid prescribing NSAIDs
If necessary, prescribe low doses in
a short time

*CKD>Stage 3. GV, cardiovascular; COX-2, cyclooxygenase-2; Gl, gastrointestinal; PPI, proton pump inhibitor; CKD, chronic kidney disease.
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1) American Journal of Gastroenterology (2009)
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Table 5. International Guidelines for Prescribing Non-Selective Non-Steroidal Anti-Inflammatory Drugs (NSAIDs)

Guideline Recommendation

American College of Gastroenterology (ACG) guidelines on
management of bleeding ulcers™

U.S Food and Drug Administration (FDA) recommendations
on NSAID use™

National Institute for Health and Care Excellence (NICE)
guidelines™”

Canadian Cardiovascular Society Antiplatelet Guideling™

National Health Service (NHS)”

American Journal of Gastroenterology™

American Gastroenterological association clinical practice

update™”
European League Against Rheumatism (EULAR)'™?

American college of Rheumatology (ACR)*"

Position paper on safe PPl use'

Patients with NSAID-associated hemorrhagic ulcers: recommend low doses of
COX-2 selective NSAIDs and PPI

In patients with low dose aspirin-associated hemorrhagic ulcers, prolonged use of
PPl is recommended

Cardiovascular risk is proportional to the dose of the drug
The risk of naproxen is relatively low in cardiovascular high-risk patients

When using NSAIDs in patients diagnosed with peptic ulcers, a maximum dose
of PPl or H, receptor antagonist should be prescribed for eight weeks and the
NSAID should be discontinued as soon as possible

COX-2 selective NSAID is recommended for NSAIDs taken with low dose aspirin

Ischemic heart disease, cerebrovascular disease, and peripheral arterial disease
are considered contraindications to the use of COX-2 selective NSAIDs
Patients with kidney disease are recommended to avoid NSAID prescription

For long-term NSAID treatment, Helicobacter pylori infection should be tested, and
if positive, a gastroprotective combination should be used after disinfection

Combination of long-term PPl with NSAIDs is recommended to prevent
gastrointestinal bleeding in high-risk patients

Patients with high risk of cardiovascular complications: it is recommended to
prescribe naproxen and avoid high-dose diclofenac, ibuprofen, and COX-2
selective NSAID

Patients with a high risk of renal complications: It is recommended to avoid NSAIDs
if possible

Consider using NSAIDs when the maximum dose of acetaminophen does not work.

Patients aged 75 yr or older are recommended to apply topical NSAIDs rather than

oral NSAIDs
Patients taking aspirin: use NSAIDs except ibuprofen, in combination with PP

Patients with a high risk of gastrointestinal complications are recommended to use
standard doses of PPI or prescribe COX-2 selective NSAIDs when taking NSAIDs

COX-2, cyclooxygenase-2; PPI, proton pump inhibitor.
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2) American College of Gastroenterology (ACG) guidelines on
management of bleeding ulcers 2012
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4) NICE 2014 guidelines on the investigation and management of
gastroesophageal reflux disease and dyspepsia in adults
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5) European Society for Clinical and Economic Aspects of Osteoporosis
and Osteoarthritis Algorithm 2016 (ESCEO)
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6) Position paper on safe proton pump inhibitor use 2016
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