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Effect of Nonsteroidal Anti-inflammatory Drugs on Pharmacokinetics
of Methotrexate: A Meta-analysis
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It is well known that nonsteroidal anti-inflammatory drugs (NSAIDs) affect the pharmacokinetics of methotrexate,
but there are several reports showing negative consequences. In this study, we evaluated drug interactions by performing
a meta-analysis on published data examining the effect of NSAIDs on pharmacokinetic parameters of methotrexate. The
combined standardized mean difference of the maximum blood concentration after oral administration of methotrexate
was calculated to be —0.00 (95% confidence interval, —0.30 to 0.30) based on 6 clinical trials, and there was no sig-
nificant effect of NSAIDs (p=0.9967) . However, it is also represented that the NSAIDs significantly increased the area
under the blood concentration-time curve of methotrexate (combined standardized mean difference, 0.73; 95% confi-
dence interval, 0.32 to 1.14; p=0.0004; 11 trials) . Furthermore, the combined standardized mean differences in total
and renal clearance of methotrexate were estimated to be —0.80 (95% confidence interval, —1.41 to —0.18; p=0.0109;
6 trials) and —0.76 (95% confidence interval, —1.40 to —0.11; p=0.0220; 11 trials), respectively, implying that
NSAIDs interfere with urinary excretion of methotrexate. In conclusion, the integration of the published reports by
these meta-analyses shows that NSAIDs increase blood levels of methotrexate by influencing renal excretion of the an-

tifolate.
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TR B9 23 L 2 IE S % /2, PubMed
(1966 fE/n 5 2010 4 5 H) 257 —F X=X &L,
“methotrexate” % 7X “non-steroidal, nonsteroidal,
NSAID, NSAIDs, aspirin, bromfenac, carprofen,
diclofenac, diflunisal, etodolac, fenoprofen, flufena-
mate, flufenamic acid, flurbiprofen, ibuprofen, in-
domethacin, ketoprofen, ketorolac, loxoprofen,
meclofenamate, mefenamic acid, meloxicam, nabu-
metone, naproxen, nimesulide, oxaprozin, piroxic-
am, pranoprofen, salicylate, salicylic acid, sulindac,
tiaprofenic acid, tolfenamic acid, tolmetin X3
trisalicylate” OF—T7— R&EHWEZMRBRETo /=

I N/ DY A1 M, BRIKMOARL 2K ZE
A& L, NSAIDs #: 5.8 LR GHITB T 2 #E
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2. EHRAT WAV ERX ORI, A
FhLFH—EDERNBENT A= NZ0KRE
B, HREOKRKEBIMEE CTHEINTNHSD
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Table 1. Dosage of Methotrexate and NSAIDs in Studies to Investigate Their Interaction
Study (year, ref) Methotrexate NSAIDs in the clinical trials Dosage of NSAIDs
Liegler (1969, 7) 5-15mg (iv) Salicylate (2 g for priming dose and 33 mg/min for

Ahern (1988, 8)

Stewart (1990, 9)

Skeith (1990, 10)

Furst (1990, 11)

Dupuis (1990, 12)

Stewart (1991, 13)
Tracy (1992, 14)

Anaya (1994, 15)
Tracy (1994, 16)

Combe (1995, 17)
Kremer (1995, 18)

Gumbhir-Shah (1996, 19)

Hiibner (1997, 20)
Igbal (1998, 21)

15 mg (oral)

15 mg (oral)
15 mg (iv)
10-25 mg (oral)

10 mg/m?2 (iv)

3.75-12.5 mg (oral)

10 mg (iv)
7.5-15 mg (oral)

10 mg (im)
7.5-17.5 mg (oral)

10 mg (im)
7.5 mg (oral)

10-25 mg (oral)

5-15 mg (oral)
15 mg (iv)
7.5-10 mg (oral)

sustaining dose, iv)

Each patient (sulindac, naproxen, indomethacin,
diclofenac and diflunisal, dosage was not described)

Naproxen (500 mg, bid)
Naproxen (500 mg, bid)
Ibuprofen (800 mg, tid)
Flurbiprofen (100 mg, tid)
Aspirin (45-50 mg/kg/d)
Sulindac (200 mg, bid)

Each patient (acetylsalicylate, 925-2600 mg/d; indo-
methacin, 50-75 mg/d; naproxen, 500 mg/d; tolmetin,
500-1000 mg/d)

Aspirin (975 mg, qid)
Naproxen (10 mg/kg/d)
Trisalicylate (22504500 mg/d)
Ibuprofen (40 mg/kg/d)
Etodolac (600 mg, tid)
Piroxicam (20 mg/d)
Ketoprofen (3 mg/kg/d)
Flurbiprofen (3 mg/kg/d)
Piroxicam (20 mg, qid)

Each patient (salicylates, flurbiprofen, piroxicam,
ibuprofen, naproxen, diclofenac, ketoprofen and indo-
methacin, dosage was not described)

Each patient (ibuprofen, salicylates, naproxen, diclofenac
and piroxicam, dosage was not described)

Bromfenac (50 mg, tid)
Meloxicam (15 mg/d)
Aspirin (1200 mg/d)
Diclofenac (100 mg/d)
Ibuprofen (1200 mg/d)
Naproxen (750 mg/d)
Indomethacin (75 mg/d)

300-1000 mg/d
6003200 mg/d
120-300 mg/d

1320-3960 mg/d
300-400 mg/d

2000-3000 mg/d
400-1000 mg/d

20-27 mg/d
200-300 mg/d

7.5-15mg/d

75-200 mg/d

50-200 mg/d

iv, intravenous administration; oral, oral administration; im, intramuscular administration. ‘‘Each patient’’ means that administered NSAIDs were different

each patient.
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Study (Ref) SMD (95% CI) SMD (95% CI) Weight (%)
Ahern (8) -—o—- —0.38 (—1.15 to 0.40) 152
Skeith (10) —ort —0.45 (—1.44 to 0.54) 93
Kremer, 7.5 mg (18) "D" 0.15 (—0.36 to 0.65) 35.6
Kremer, 10-25 mg (18) —o— 0.20 (—0.49 to 0.90) 189
Gumbhir-Shah (19) —Q— —0.01 (—0.93 t0 0.91) 10.7
Igbal (21) —p— 0.09 (—0.85 to 1.03) 10.3
Combined * —0.00 (—0.30 to 0.30) 100

Test for heterogeneity x 2 = 2.36; P = 0.7975

Test for overall effect x 2 =0.00; P = 0.9967 i
] ] ] i

6 -4 2 0

Fig. 1. Meta-analysis of Clinical Trials Examining the Effect of NSAIDs on Maximum Concentration of Methotrexate after Oral Ad-

ministration

Study (Ref) SMD (95% CI) SMD (95% CI) Weight (%)
Ahern (8) —0— 1.09( 0.27t01.92) 8.9
Furst (11) o 0.16 (—0.53 t0 0.86) 10.0
Dupuis (12) —0— 1.36 ( 0.20 to 2.52) 6.5
Stewart (13) —0—t 3.01( 1.96 to 4.05) 73
Anaya (15) +O~ 0.44 (—0.20 to 1.08) 104
Combe (17) o~ 0.09 (—0.53 t0 0.71) 10.6
Kremer, 7.5 mg (18) O 0.33 (—0.18t0 0.84) 11.5
Kremer, 10-25 mg (18) o~ 0.44 (—0.26 to 1.15) 9.9
Gumbhir-Shah (19) —0o— 0.22 (—0.70 to 1.15) 8.1
Hibner (20) —0— 0.93 ( 0.09 to 1.78) 8.8
Iqbal (21) —O— 0.89 (—0.07 to 1.86) 7.9
Combined o 0.73 ( 0.32t0 1.14) 100

Test for heterogeneity x 2 =30.61; P = 0.0007

Test for overall effect x 2 =12.39; P = 0.0004

1 1 I 1 ]

6 -4 2 0

Fig. 2. Meta-analysis of Clinical Trials Examining the Effect of NSAIDs on AUC,_., of Methotrexate

(x2=30.61; df=10; p=0.0007). 11 DK D
e L L 713 0.73 (95% CI, 0.32 to 1.14)
LEH XN, NSAIDs EDOHFHICE>TARNNLF
B —hD AUC)- o WERBICEFRTZZ EDURS N
7= (p=0.0004; Fig. 2).

4. A M ML FH— PO CL, [CRIFT NSAIDs

FE  NSAIDs ffHFFIZBIT S A K ML FH—
R ®D CLo ICDWTHNT WD EERHARRIL, 614 (6
) Ho . SILIBISIT0 205 H  Furst » & Stewart
5 (1991) WEHLZAR ML FH— D CL 1,
BT DIRER M AE THIIE S N T /=, 119 NSAIDs

WEDTARMPLVFY—FDCLyMETFLAEZZ &
o UlcwmEid, 3#GEMEL L (Fig. 3). 74, Q
BE ORGSR, HEMOAHEMEIIRSNE (2=
20.18; df=5; p=0.0012). 6 H DA FEHE(L T i
13 —0.80 (95%CI, —1.41to —0.18) ECEH X
1, NSAIDs iZE > TA M MLFH—ED CL, Y
KFT2ZEMMFaENITRI N (p=0.0109;
Fig. 3).

5. AhFbMLFH—FODCL ([CA(FT NSAIDs

FE AMNMLFEY—-BFOCL IIKIEFT
NSAIDs D212 DN THE L TW B EEKRHBRIZ
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Study (Ref) SMD (95% CI) SMD (95% CI) Weight (%)
Stewart, iv (9) O —0.59(—140to 0.23) 16.0
Furst (11) —0— —1.07 (—1.81 to —0.34) 16.9
Stewart (13) —0— —2.04 (—2.92 to —1.15) 153
Anaya (15) O~ —0.84 (—1.51 to —0.18) 17.7
Combe (17) HO 031 (—0.31to 0.94) 18.2
Hiibner (20) —0o— —0.74 (—1.57to  0.08) 159
Combined i —0.80 (—1.41 to —0.18) 100

Test for heterogeneity x 2 = 20.18; P =0.0012

Test for overall effect x 2 =6.49, P =0.0109

1 1 L ] 1 1

6 -4 2 0

Fig. 3. Meta-analysis of Clinical Trials Examining the Effect of NSAIDs on Total Clearance of Methotrexate
Study (Ref) SMD (95% CI) SMD (95% CI) Weight (%)
Liegler (7) — O —3.48 (—5.68 to —1.28) 49
Ahermn (8) —0— 0.09 (—0.68to 0.86) 9.7
Stewart, oral (9) —O-H —0.64 (—1.50to 0.21) 93
Stewart, iv (9) —O— 0.84 (—0.03to0 1.72) 93
Stewart (13) —0— —0.90 (—1.68 to —0.12) 9.6
Tracy (14) —0— —2.70 (—3.68 to —1.72) 89
Anaya (15) —O— 0.00 (—0.67to 0.67) 10.0
Tracy (16) =0 —0.68 (—1.41to 0.05) 9.8
Kremer, 7.5 mg (18) -O- 048 (—0.05t0 1.01) 10.4
Kremer, 10-25 mg (18) —0— —2.11 (—3.00 to —1.22) 9.2
Gumbhir-Shah (19) —O0— —0.83(—1.80to 0.13) 9.0
Combined = o —0.76 (—1.40 to —0.11) 100

Test for heterogeneity x 2 =67.13; P <0.0001
Test for overall effect ¥ 2 =5.24; P = 0.0220
1 1 1 | 1 1

6 4 2 0

2

4 6

Fig. 4.

1L 9O HD,HBI6BID Z0 55 4 HITB N
TNSAIDs IZ&BHAMMLFH—FDCL OKT
Mg XN/~ (Fig. 4). F7-, Liegler 5 KU
Stewart 5 (1991) IC k> CTHHEIN/ZZAMKMLF
B —h®DCL 3 5E DKL T, Gumbhir-
Shah 5 @ CL, I3 # & DR ETHESINTW
72, P19 BRIE R O BRI D W TR U 72 55 21,
AEHETHDHZENEO LN (2=67.13; df=
10; p<<0.0001). CL, Offi & HEEHE(L S 21 —
0.76 (95% CI, —1.40to —0.11) CHEH >N,
NSAIDs iZ& > TA M ML FH—hKD CL, 2METF
T 5 EMERINE (p=0.0220; Fig. 4).

Meta-analysis of Clinical Trials Examining the Effect of NSAIDs on Renal Clearance of Methotrexate

6. DNERNATRICEAT DR
IZBI9 2 RNEKFR L DFIE % Egger 5 DJREIIFHAICZ K
O THRLZ., ZO/RE, Cuu (ICBT 5 IR ELR
Dy UH & tEIXZENZTN —1.4585 T —1.3944
(p=0.2357), AUCy_oo IZDWNTITFINF1 4.8368
& 2.7811 (p=0.0214) EHEH I N/, £/, CLi
KT 2HEIFERD y U & tEITEN TN —
10.6868 % (XN —2.1292 (p=0.1003), CL, 2D\ T
X FNFN—6.1662 & —2.6590 (p=0.0261) TH
S57. LENST, AUC) o AXTACL IZEHL Tk
KNEHR L DEENRB SN,

Figures 1-4
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Thyss 5 Maiche I2&> T, ¥ h7O07 x>k
OA 2 RAZ T EANRLFH— NOHAEERDN
W I Nz, 2 AN MLFH— N OERNEREIC &
\¥9 NSAIDs D EEE2EET 2720, %< DK
RBOEmEI NG, £z, TOANZALESTL
NV THRIAT %720, A BHEATN S, K
B O HIZIIMHAERNRD s NBh> T E &R
THXBELLBELT D20, KK TIEIASY - TF
I AZETHZEICED, ANMLFY—FD
KNENEE/N T X — & BICHERRBR O R 2R E
NSAIDs D2 8% %7 2 HF Ot il A7z, =D
fEE, NSAIDs i3I A M ML FH—bHD AUC)_o &
WnEE5 &, Clg KU'CL, 2K FEE5 I &
MEEH RN RS Nz (Figs. 2-4). AMKMLFH—
MIENIZHEGEEINIFEAED, REMKELT
Rzt 5. BifE, NSAIDs ik AKKL
FH—hFDCL K FDANZZX L ELT, NSAIDs
IZEB AN RLFT—FORME P WOHER T
ORZ 7522 > DOEKREEFEICHD B IM®EE DK
TABASNTNS. 2 S, ZN5OHENA b
ML FH—bOMARE LR ETHEET S Z &0,
ALY - T FYT AL > THREIN.

4, ABNBMLFH—NORMESWICHHEY =
F 2R S52AR—% OAT1 % OAT3 5T 5% &
& J U)X NSAIDs 7% OAT1 %> OAT3 IZ39 5 [HES
HAEBETHZENHLENIRDRE, invitro B
MOEMEAEHOTHNAEEEL/RDDDH S, 39
Nozaki 51, E NEEREURFICELS ANV F
B — OV IABIZTHBIT 5 4 NSAIDs D fHEE
BERHU, R EOEMER M RE & L k.
TORER, Yruvzty, rhJov o kUG
TOFE TR, A 2 RAZ T RHY FILEIX
AL FH—FEOHEERAZELELSNI L
R L TS, 2 ABETIE 11 0K B Ok
REHRETHIEICEDT, NSAIDsiEA M MLF
J—rDCL ZHRICEKTFSEL LOMENTS
NEM, F055 T HITDNTIE NSAIDs D%h %
MBDH BN TV (Fig. 4). NSAIDs IZd& > T A
ML FH—HFOCL AR TGO 5N 4 RO
JRikBRD 5 %, Liegler 5 & Stewart (1991) & O
STII#EBFE £ EIZ, Tracy b & Kremer & (10-25

mg) DR T —EOHERF ITT U FIVERFEN#
HINTW »B34Ie —9 A KNMLFH—FOD
CL, WERICEALEN 7 T HOEKRKBRD S
5, B FIVEENER G S NIRRT o R
EZDRA U7z Kremer 5 (7.5mg) ORF DA TH
5O XISIZANMLFY—-FDCL 2HEHL 2
1 BOEKRBEDOS S, $U FIBBEOB LN
W6 DR EHRGLZET A, NSAIDs IZL 2
CL, OB EREIIFBD SN =, bial &
H PR E O —ERIC YU FIVEEEED R 5 S N KRR
BOWREOHKAIE, CLLOBEERKFZE2RLE
(data not shown). F/7/=, 1> RAFY I ITEHLT
1%, 2 EOERABRICBW T —EOBEENIRA L

WTNHARNNLFH— MO CL, NOZFE IR
INTWRaND /.88 Lizhi> T, Nozaki 5 D
HEEBEETLHE, AT THEEINE CL DT
T FIVBRICEK > THFE I N RN H 5.

Maetzel 5 D#HEIC LD E, A M RLFH—FN
BHEINDUIIFEEDOK35%H, BIERAMNE
KT S5 FELNICEDHREGEERIET 2 EEHINTY
5 WYX FEEFIIBVWTANMM FT—MITX
ZIMRBEEOHEITIXNREELRED SN TNVS
75,2 Lim 513 1999 EN S D SEMTA N ML F
H— MORRE EE Z S5 NS PLMERE A & 25 fEFI#F
BlLiZEms, TORFEELRTELDUURTE
FRIEITHEUEIZIZNWEEZERL TNE. 0 I 5T
Sathi 51X, ZTORHEMNA N ML FHF—HKEXRZD
> RIAEWEOHEIER TH 2 uhEtE &2 RIEL T
W5, R CRPIAEYE D NSAIDs [k, A
L FH—hOBHHEZ XTI E5 2 &M 5N
T3 32 58 JOIFHREFIIBITSA MM
FH—FOHEEELRFIE & NSAIDs ff H & O Rg
HEBETDHZEICELST, AMMLFY—DiE
IEfFRIIC DM B E®RNE S NS AHEEN H 5.

46, PubMed 25 —4 X—Z & L THWL, HiE
TReHk S N WME DA ZMTITH W=, RS
MR O WERE TR S N T EHWEAY -
TFHUI AL, BARFHEICDRENSEZEZ SN TN
%, AWFETHEELE 4 DDERNEHEE/N T A—F D
95, AUC) o MU CL IZBWNTRAER XD
ENRBINE. £, AMNLFY—LOKEGE
%> NSAIDs O ffi# J OV 5 8 3 Bl PR A B 1 12 B 7
S5TPHD, AUC) o, CLiy KT CL, IZBWNTHED
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SNAEEMEE OBE MDD (Figs. 2-4).
Coax D TIZ 6 HFOEKIKBED S B, HMOD
NSAID O ZEZFAML T EHDIT 1 HOATDH
S0, RO 3 DDERNEE/NT A—FIZBITSHZD
HEIZNWTND A% L ETH D, DFD Cpax D
A, 6 Fh S HEEEWEIGT, B OEEEY
EZNEE D NSAIDs D& %221 TH0, HY
PRI DM o D B D, ARfENTICE > THET
IN7= NSAIDs D2 X, ZNHO/REEDHIC
RIS NDBEND 5.

Pk, AWK TIEIA S ML FH— k& NSAIDs
OHAMERICET KRB OMEZ ALY - TV
AWKV E L. TORE, RREFRLOEFE
IR O AR IGEENRB I N/ZH DD, NSAIDs
A RRLFET—bDAUC, o, Z2HINEE S
L, ANMLFHY—FDCLy &ECLMETFT S
ENtEREINZ, bNONOHIBBED, ANRMLF
B — & NSAIDs O AEHICET 2 A% - 7V F
I ZIZDNTOHEL, ZNRHHTTH 5.
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