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Abstract

Nonsteroidal anti-inflammatory drugs (NSAIDs)
are among the most widely used drugs in clinical
practice. It is generally accepted that drug-
induced liver injury (DILI) is a relatively rare
adverse reaction to NSAIDs, however, DILI
related to NSAIDs is of outstanding importance
as the wide use of these drugs. NSAIDs are the
second leading cause of DILI after antimicrobial
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drugs. This review presents an overview of
current knowledge of NSAID-induced liver
injury (N-DILI) with emphasis on the causative
drugs.

© 2015 Baishideng Publishing Group Inc. All rights
reserved.
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A E P D1 PR 2 AR BL. - HE B I A R 1 T
4 Y BE R T WL B ST R BUN B
PRI & R P R A G 2otk KGR, KNG
J7RE MR R AR 51 R MDILIZ N
JH-20 M R, R R MR, WSS RR G
DILIMHLEI RS %, S, fi
FEWEEY. SRS, REKE%S
K. S5 QGRS R ) 5
A5 5 R M P AT RN AR AR
T Y0 K P450 T K JE2C9(cytochrome
P450 2C9, CYP2COfif, CYP2CORAZ A 7
AW 7 AR R R AR RN, A
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AL Y IE B 5 USSR B SO IR B A A
9‘%[32]'

3056

3.2.2 AF#kB%: fENSAIDs &7 FRHR BT BIN-DILI
HEFE B 207, 5T A A S i — S 35 398 o B 45
BINSAID. &5 FRER BT 250 1 A RE AR 4% 3
N, 210.1%, HPESEEREN5%, (HZH=
T RAET &GRS N, AR
MR B RT 28, FEA R BO ., X
ML R, HELAE 258 wkAiE 4. ZEOR B
U B A, B2 B, e RN
REYHIRAR AL, H AT &P AR ER 2 T 00T &
R Ath, 4 28 AU 5 (B VR T, BT T
80D SR PR R S AL, R D/ B R R R
DN

3.3 RERATAY £

3.3.1 A& — N, 1E5 F NS AIDs 147
TS IF IR A /N AV SF BUTF 597 i WL
IR AL FE R R AN AR Y, 5K R YT
TAFRRIBE A T R 5 HE B ARG, ARV S5 T
HDILIFEALFAEGERR G 7 WARIE. Lk
U, ATV 3 AT D7 THI ) 2 A P A v )

3.3.2 A4 ERAEAAFIEAMERHN
NSAIDsE K 1, P45 252000/d. Z585 R 1
EE B IZAEH, 6000 FIN-DILIH 525454
KM 1%, N R BT RBEREZ N
JHF 40 B B AN R A AR Y, G2 dok BT AR R B
T, KREI4% RTS8, 72107 5%
A 9- 12451 1 A IR (1 BFE BT, ALFR
A2 93.8/10 7. AREAR T 4 1) R A AE T FH 2
Jal wkE 12 wk BL™. 28364 5 H Al R R AT
AN UNAT I SR A AE A X IR R, 38R I IT
AHRAYDILL, JFrI BRI RS, 2538 A 7
B Y IEA MR BN AEREPEI G N, 8w
1E45 %5 )5 1-5 mon] R 1E#: .

3.4 WRERERAT A M & B B IA40 b,
A2 k/d. LB 2 B T8 T
RPIFIRIT. ML FEM EDILIE R AE RN
9-14/1073, MIMLIE %% 2 B 45 B2 5 A2 AL B ALF
SRR R R R R SE AR AT R R AR,
BERAUNARAIR AL, A0 B B FIVR A B
A RAEM. B B 5 R DILI ML AT BE 27
A IR IR Y. IS 2 B 28
TAREELAA.

3.5 i & JE EEF R T 19854 18 = K Bl
fevfE b, HAj e S0 E K B (242,
EE. mEAR. KE. HA. WAL, #H
Ph 22 S B KRR LT A AR LA

2015-07-08 | Volume 23 | Issue 19 |



SZ S M

RRONE R W25 25, PEEEA . /R, W& T,
AR BRI AR AE 12 4 2 R0 T 0 33 IR i 25 4 7™ =
DILT F 1l Jig 4 5 i B A 8 H Ao ™ AT
W TR € B JE 36 &R R AR FFREE 1)
XU B HoAth H FINS AID s . 20054F % 5 31
5 RN R JE 36 &7 R TE B i XU A0 25 1
77 THI A 0 1 JRUB Wi 2 Bl . AR T 2007 4 R
2 i PR R K JB 36 B R B R 2R IT 4,
B ) LI PR A . el T B B SR AT R
B0 R 5349 B0 RS Y, 201 T AR BR YIRS JE 55
SR T 2w A i R s, BT
AL 15 d.

3.6 BFMHCOX-2474) A H FTHF LA IEE R
B AR P ENS AID s AR FEPECOX- 241 7 i
N-DILIR ARG R K ZE R, G X 7T
BT T 4519514E e B AN S AIDs 5| 2tk
JH 48, 9% T 2 3k A5 A0 AN S ATD s 9 JRU: A
). HEkos, 4 2 B A A K )
Iy ML12%R3% M BLALT S35, 1X P Fh 25 M) 1
O, Hrp gk & E R T EE ™
HEDILIFA ALF R A i i i3zt

FER B AT R ME— 22 35 E F D AL HE 1 6 %
MECOX-24M#I 7S, ALTTH 3 X ULN# %
TEAS FHZE R EATIR T H90.4%(@m = 12750),
LA N0.29%@ = 4084). ALE 140} R
I R i 46 PR BT 7 45 S R 2SR B AT 410.4%(n =
6376), ZRFH0.5%@n = 1864). XF411 b
HUXE FEAREG HEAT 20 BT i 45 SRR BL, ALT>5X
ULNEH R ZER B A A N.1%, ZRFIH
90.9%, 1E2493341) 523 o R A 4 1 I
PRI 51l 1 .

H T 7 ERE AR AR B A I S
1T JEAT I RS AL (005 191 4 1w, 3611 50000471
JHAEAE 2 3 Th A 2701152 B T DIL I B0 2k
R ALF(0.5%); XH A 5HIFR. 255
FHOCH & 141, oK DL 5 28 5 A7 AH 5% 195 491
. FE R A AH DG I 4 R AL AR & BUDILL
Bt s, BRI B DILI WL,

4 g

NSAIDsH I DL Z A2 4 5 1 1 (B =] T
WRERAMM. N-DILTAIRE R 2 W, HAF2h. F
18IT, ZHURE WG RGF. ™ EN-DILIK A&
WK, DBOT SHALFSRIET:. BATN %
SR ) 0 S A 4 B V2 52 A T U I 3

Beishideng®  WCJD | www.wjgnet.com

INB, 5B IFFERTRREAERBV IR DBV R

RE T B 259, DL K™ EDILL X T 2 &
A TG s 1) R N gk e IR A T AE T
BEEMINSAIDs. DILIAR A R FINSAIDs
R ST BRANEY AR IR, 1 £ M C O X241 il 571
B ZAEGNSAIDsH & A /P DILIF KA. 2
W)k TR 2 2 R A% 24 B 22 1 5 R Pl IUN-DIL T
AL T AT IR PR 4R, NS ATDsIIf AR N
PRALAH 4R 5 A, P ™ EN-DILIF
A A EY,

5 ZEXE

1 Teschke R, Frenzel C, Wolff A, Eickhoff A,
Schulze ]. Drug induced liver injury: accuracy of
diagnosis in published reports. Ann Hepatol 2014;
13: 248-255 [PMID: 24552867

2 Chalhoub WM, Sliman KD, Arumuganathan M,
Lewis JH. Drug-induced liver injury: what was
new in 2013? Expert Opin Drug Metab Toxicol 2014;
10: 959-980 [PMID: 24746272]

3 kAR AR RANIIERR I KA R . 4675
242 2013; 30: 37-41

4 Suzuki A, Andrade R], Bjornsson E, Lucena MI,
Lee WM, Yuen NA, Hunt CM, Freston JW. Drugs
associated with hepatotoxicity and their reporting

frequency of liver adverse events in VigiBase:
unified list based on international collaborative
work. Drug Saf 2010; 33: 503-522 [PMID: 20486732]

5 ZEE, WAL mEE DSR2V 10941,
HHEFAE NI EAE 2007; 15: 3041-3044

6 Leise MD, Poterucha JJ, Talwalkar JA. Drug-
induced liver injury. Mayo Clin Proc 2014; 89: 95-106
[PMID: 24388027 DOI: 10.1016/j.mayocp.2013.09.
016]

7 Chen M, Bisgin H, Tong L, Hong H, Fang H,
Borlak J, Tong W. Toward predictive models
for drug-induced liver injury in humans: are we
there yet? Biomark Med 2014; 8: 201-213 [PMID:
24521015 DOI: 10.2217/bmm.13.146]

8 Stephens C, Andrade R]J, Lucena MI. Mechanisms
of drug-induced liver injury. Curr Opin Allergy
Clin Immunol 2014; 14: 286-292 [PMID: 24915546
DOI: 10.1097/ ACI.0000000000000070]

9 Boelsterli UA. Mechanisms of NSAID-induced
hepatotoxicity: focus on nimesulide. Drug Saf
2002; 25: 633-648 [PMID: 12137558 DOI: 10.2165/0
0002018-200225090-00003]

10 Hayashi PH, Fontana R]. Clinical features,
diagnosis, and natural history of drug-induced
liver injury. Semin Liver Dis 2014; 34: 134-144
[PMID: 24879979 DOI: 10.1055/s-0034-1375955]

11  Zhang X, Ouyang ], Thung SN. Histopathologic
manifestations of drug-induced hepatotoxicity.
Clin Liver Dis 2013; 17: 547-564, vii-viii [PMID:
24099017 DOI: 10.1016/j.c1d.2013.07.004]

12 Kleiner DE, Chalasani NP, Lee WM, Fontana
R]J, Bonkovsky HL, Watkins PB, Hayashi PH,
Davern TJ, Navarro V, Reddy R, Talwalkar JA,
Stolz A, Gu J, Barnhart H, Hoofnagle JH. Hepatic
histological findings in suspected drug-induced
liver injury: systematic evaluation and clinical

3057

NiREE
DILIZ A &% 3
HINSAIDs A S,
SREEARATARBR, it
B R A -2
) A R ZAE %
NSAIDsH# & A
AV DILI# & 4 .
BRI B %R
W B AT
S R A A BT
AP ANSAIDs.
N-DILIw fF44
Wi, F152h. F
B, S HREER
J6 B

2015-07-08 | Volume 23 | Issue 19 |



INE, 5B BTSRRI D VAR E R

WA

DILL: & T %4
Fo/ R AR W
5] A2 84 IF 40 BoL
BB, XD
B H AR M3
#2849 S R T
W IR IR

RAEL: (o7& 3
PR B B/ S b
FR)/ (S i 5 7 4%
FUB B ETR),
& it 4 DILT
WA I k.

J3aishideng®

13

14

15

16

17

18

19

20

21

22

23

24

25

WCJD | www.wjgnet.com

associations. Hepatology 2014; 59: 661-670 [PMID:
24037963 DOI: 10.1002/ hep.26709]

Aithal GP, Watkins PB, Andrade R], Larrey D,
Molokhia M, Takikawa H, Hunt CM, Wilke RA,
Avigan M, Kaplowitz N, Bjornsson E, Daly AK.
Case definition and phenotype standardization
in drug-induced liver injury. Clin Pharmacol Ther
2011; 89: 806-815 [PMID: 21544079 DOI: 10.1038/
clpt.2011.58]

Chalasani NP, Hayashi PH, Bonkovsky HL,
Navarro V], Lee WM, Fontana R]. ACG Clinical
Guideline: the diagnosis and management of
idiosyncratic drug-induced liver injury. Am |
Gastroenterol 2014; 109: 950-966; quiz 967 [PMID:
24935270 DOI: 10.1038/ ajg.2014.131]

Senior JR. Alanine aminotransferase: a clinical
and regulatory tool for detecting liver injury-
past, present, and future. Clin Pharmacol Ther
2012; 92: 332-339 [PMID: 22871997 DOI: 10.1038/
clpt.2012.108]

Reuben A. Hy's law. Hepatology 2004; 39: 574-578
[PMID: 14768020 DOI: 10.1002/hep.20081]
Robles-Diaz M, Lucena MI, Kaplowitz N,
Stephens C, Medina-Caliz I, Gonzalez-Jimenez
A, Ulzurrun E, Gonzalez AF, Fernandez MC,
Romero-Gémez M, Jimenez-Perez M, Bruguera
M, Prieto M, Bessone F, Hernandez N, Arrese M,
Andrade R]. Use of Hy's law and a new composite
algorithm to predict acute liver failure in patients
with drug-induced liver injury. Gastroenterology
2014; 147: 109-118.e5 [PMID: 24704526]

Regev A, Bjornsson ES. Drug-induced liver
injury: morbidity, mortality, and Hy's law.
Gastroenterology 2014; 147: 20-24 [PMID: 24880009
DOI: 10.1053 /j.gastro.2014.05.027]

Chen M, Borlak ], Tong W. Predicting idiosyncratic
drug-induced liver injury - some recent advances.
Expert Rev Gastroenterol Hepatol 2014; 8: 721-723
[PMID: 24857265 DOI: 10.1586/17474124.2014.9228
71]

Wang K. Molecular mechanisms of liver injury:
apoptosis or necrosis. Exp Toxicol Pathol 2014; 66:
351-356 [PMID: 24867271 DOI: 10.1016/j.etp.2014.
04.004]

Yano A, Oda S, Fukami T, Nakajima M, Yokoi
T. Development of a cell-based assay system
considering drug metabolism and immune-
and inflammatory-related factors for the risk
assessment of drug-induced liver injury. Toxicol
Lett 2014; 228: 13-24 [PMID: 24747151 DOI:
10.1016/j.toxlet.2014.04.005]

Grant LM, Rockey DC. Drug-induced liver injury.
Curr Opin Gastroenterol 2012; 28: 198-202 [PMID:
22450893 DOI: 10.1097/MOG.0b013e3283528b5d]
Zhou Y, Yang L, Liao Z, He X, Zhou Y, Guo
H. Epidemiology of drug-induced liver injury
in China: a systematic analysis of the Chinese
literature including 21,789 patients. Eur |
Gastroenterol Hepatol 2013; 25: 825-829 [PMID:
23510965 DOI: 10.1097 /MEG.0b013e32835{6889]
Bessone F. Non-steroidal anti-inflammatory
drugs: What is the actual risk of liver damage?
World | Gastroenterol 2010; 16: 5651-5661 [PMID:
21128314 DOI: 10.3748 / wijg.v16.i45.5651]
Rubenstein JH, Laine L. Systematic review:

3058

26

27

28

29

30

31

32

33

34

35

36

37

the hepatotoxicity of non-steroidal anti-
inflammatory drugs. Aliment Pharmacol Ther
2004; 20: 373-380 [PMID: 15298630 DOI: 10.1111/
j-1365-2036.2004.02092.x]

Russmann S, Jetter A, Kullak-Ublick GA.
Pharmacogenetics of drug-induced liver injury.
Hepatology 2010; 52: 748-761 [PMID: 20607838
DOI: 10.1002/hep.23720]

Chalasani N, Bjornsson E. Risk factors for
idiosyncratic drug-induced liver injury.
Gastroenterology 2010; 138: 2246-2259 [PMID:
20394749 DOI: 10.1053/j.gastro.2010.04.001]
Bjornsson ES. Epidemiology and risk factors for
idiosyncratic drug-induced liver injury. Semin
Liver Dis 2014; 34: 115-122 [PMID: 24879977 DOI:
10.1055/5-0034-1375953]

Kock K, Ferslew BC, Netterberg I, Yang K,
Urban TJ, Swaan PW, Stewart PW, Brouwer
KL. Risk factors for development of cholestatic
drug-induced liver injury: inhibition of hepatic
basolateral bile acid transporters multidrug
resistance-associated proteins 3 and 4. Drug Metab
Dispos 2014; 42: 665-674 [PMID: 24154606 DOI:
10.1124/dmd.113.054304]

Licata A, Calvaruso V, Cappello M, Craxi A,
Almasio PL. Clinical course and outcomes of
drug-induced liver injury: nimesulide as the first
implicated medication. Dig Liver Dis 2010; 42:
143-148 [PMID: 19625223 DOI: 10.1016/j.d1d.2009.
06.009]

Singer JB, Lewitzky S, Leroy E, Yang F, Zhao X,
Klickstein L, Wright TM, Meyer ], Paulding CA.
A genome-wide study identifies HLA alleles
associated with lumiracoxib-related liver injury.
Nat Genet 2010; 42: 711-714 [PMID: 20639878 DOI:
10.1038/ng.632]

Daly AK, Aithal GP, Leathart JB, Swainsbury
RA, Dang TS, Day CP. Genetic susceptibility to
diclofenac-induced hepatotoxicity: contribution
of UGT2B7, CYP2C8, and ABCC2 genotypes.
Gastroenterology 2007; 132: 272-281 [PMID:
17241877 DOI: 10.1053/j.gastro.2006.11.023]

Ng CS, Hasnat A, Al Maruf A, Ahmed MU,
Pirmohamed M, Day CP, Aithal GP, Daly AK.
N-acetyltransferase 2 (NAT2) genotype as a risk
factor for development of drug-induced liver
injury relating to antituberculosis drug treatment
in a mixed-ethnicity patient group. Eur | Clin
Pharmacol 2014; 70: 1079-1086 [PMID: 24888881
DOI: 10.1007/s00228-014-1703-0]

Daly AK. Drug-induced liver injury: past, present
and future. Pharmacogenomics 2010; 11: 607-611
[PMID: 20415545 DOI: 10.2217/pgs.10.24]

Yu K, Geng X, Chen M, Zhang ], Wang B, Ilic K,
Tong W. High daily dose and being a substrate
of cytochrome P450 enzymes are two important
predictors of drug-induced liver injury. Drug Metab
Dispos 2014; 42: 744-750 [PMID: 24464804 DOI:
10.1124/dmd.113.056267]

Manov I, Motanis H, Frumin I, Iancu TC.
Hepatotoxicity of anti-inflammatory and analgesic
drugs: ultrastructural aspects. Acta Pharmacol Sin
2006; 27: 259-272 [PMID: 16490160 DOI: 10.1111/
j-1745-7254.2006.00278 ]

Laine L, Goldkind L, Curtis SP, Connors LG,

2015-07-08 | Volume 23 | Issue 19 |



38

39

40

41

42

43

44

J3aishideng®

Yanqiong Z, Cannon CP. How common is
diclofenac-associated liver injury? Analysis of
17,289 arthritis patients in a long-term prospective
clinical trial. Am | Gastroenterol 2009; 104: 356-362
[PMID: 19174782 DOI: 10.1038/ ajg.2008.149]
Bjornsson E, Olsson R. Suspected drug-induced
liver fatalities reported to the WHO database. Dig
Liver Dis 2006; 38: 33-38 [PMID: 16054882 DOI:
10.1016/j.d1d.2005.06.004]

Aithal GP. Diclofenac-induced liver injury: a
paradigm of idiosyncratic drug toxicity. Expert Opin
Drug Saf 2004; 3: 519-523 [PMID: 15500411 DOI:
10.1517/14740338.3.6.519]

Agtndez JA, Lucena MI, Martinez C, Andrade RJ,
Blanca M, Ayuso P, Garcia-Martin E. Assessment
of nonsteroidal anti-inflammatory drug-induced
hepatotoxicity. Expert Opin Drug Metab Toxicol 2011;
7: 817-828 [PMID: 21473713 DOI: 10.1517/17425255.
2011.574613]

Demirag MD, Ozenirler S, Goker B, Poyraz A,
Haznedaroglu S, Ozturk MA. Idiosyncratic toxic
hepatitis secondary to single dose of naproxen.
Acta Gastroenterol Belg 2007; 70: 247-248 [PMID:
17715646]

Paterson D, Kerlin P, Walker N, Lynch S, Strong
R. Piroxicam induced submassive necrosis of the
liver. Gut 1992; 33: 1436-1438 [PMID: 1446877 DOI:
10.1136/ gut.33.10.1436]

Walker SL, Kennedy F, Niamh N, McCormick PA.
Nimesulide associated fulminant hepatic failure.
Pharmacoepidemiol Drug Saf 2008; 17: 1108-1112
[PMID: 18821716 DOI: 10.1002/ pds.1665]
Castaneda Herndndez G, Barragén Padilla SB.
[Hepatotoxicity of nimesulide]. Gac Med Mex
2004; 140: 679 [PMID: 15633581]

WCJD | www.wjgnet.com

45

46

47

48

49

50

51

INB, 5B IFFERTRREAERBV IR DBV R

Laine L, White WB, Rostom A, Hochberg M.
COX-2 selective inhibitors in the treatment of
osteoarthritis. Semin Arthritis Rheum 2008; 38:
165-187 [PMID: 18177922 DOI: 10.1016/j.semarthr
it.2007.10.004]

Chitturi S, Farrell GC. Lessons from Lumiracoxib:
are cyclooxygenase-2 inhibitors less hepatotoxic
than non-selective non-steroidal anti-inflammatory
drugs? | Gastroenterol Hepatol 2012; 27: 993-994
[PMID: 22621454 DOI: 10.1111/j.1440-1746.2012.
07142.x]

Pillans PI, Ghiculescu RA, Lampe G, Wilson R,
Wong R, Macdonald GA. Severe acute liver injury
associated with lumiracoxib. ] Gastroenterol Hepatol
2012; 27: 1102-1105 [PMID: 22142375 DOI: 10.1111/
j.1440-1746.2011.07036.x]

McCormack PL. Celecoxib: a review of its use for
symptomatic relief in the treatment of osteoarthritis,
rheumatoid arthritis and ankylosing spondylitis.
Drugs 2011; 71: 2457-2489 [PMID: 22141388 DOI:
10.2165/11208240-000000000-00000]

Soni P, Shell B, Cawkwell G, Li C, Ma H. The hepatic
safety and tolerability of the cyclooxygenase-2
selective NSAID celecoxib: pooled analysis of 41
randomized controlled trials. Curr Med Res Opin
2009; 25: 1841-1851 [PMID: 19530981 DOI: 10.1185/0
3007990903018279]

Nayudu SK, Badipatla S, Niazi M, Balar B. Cholestatic
hepatitis with small duct injury associated with
celecoxib. Case Rep Med 2013; 2013: 315479 [PMID:
23861685]

Urban TJ, Daly AK, Aithal GP. Genetic basis of
drug-induced liver injury: present and future. Sernin
Liver Dis 2014; 34: 123-133 [PMID: 24879978 DOI:
10.1055/5-0034-1375954]

YR MG Wt AL

3059

W@ 15 F M

A X #NSAIDs#H8
# MW DILLE €
B — LRk,
kA F TR
ARMNAL A= 16 R 45

2015-07-08 | Volume 23 | Issue 19 |



