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e 7 Lk, AREREES (World Health Organization: WHO) (2 X -~ C 4
M EBNTREIHE ) EICEE L TWHEE L ZOFRII LT, ERLZ
DAL DO EIRH, DERAERRY, AU F = 7 L7 BB Z2 B B IE e 3 L AR
THZEICED, HRO TR LAY | Quality of Life (QOL) # M Lx® 5%
OO TTu—F) EERINLTWD L, DFD ., &7 7 Tk, Zhvb0RER
&AL E T 52 NWETE (total pain) (2T 57 T7TRT7BAXA U RRRDBND,

BANHIFERON, BF O QOL Z KT S HREMRIERPERmTH . A
B R O S & #2218 L 7= Dame Cicely Saunders 1%, & ARIEIHIZkHGT 5 BT,
EPIEI RN ERO— B CHIEFDO L ha— LA BETREThD LS
LTW5, KL, EITRABED 70~90%M R4 5 R FR 72 B IR ER T
Ho 23 E5IT, M) ORMEIRREE 22 & o LB RO SR & BB
Bl L CWb 72w, Koy b —LidnABEOEANNTIEEEMmT 5 ET
RN HE T 2 H DTV D,

PN AAEIR SR L RIS U T TN 5, LD & & B O 1k
LT, B ERRAFVa Ny T Z o EOF LA RBMEH S
N, TREOFEAA R LT —EO B TIXERZIENG NN
BNBHD Y, O XD IREHATEN AR OREREI & LT, MRREERERE 7
BB PN b, EFRETIE, A ROENZEEKRTHL p A4 A
RZFROBIZFZI 510 SIIFOEIE L DER L 725 Z LR BT > T

ETCND, TDO XS I BTz RZ R L A Y RoRoF R Z K=,



ERBELT 4 R EOFHRA A A R, ZO+HFEMIC Elidhiz, LarL,
WIS & 72 D BE ORECREA M RICET 2 a o 23 BGo Tnini
D ERBISTIEZ < OIRELBAE L TE Y | Hx2 OFFRE SRR ORHEICE Uz
FEFA ROBRPRKD LTS3, £ 2 TARRFICIE, EHRMEDN AR %t
THAEA A ROBPFIER SN ORERERECAINEZ B E L,
AR AR E AR & AR IR E MR I 0 B S A, PR BE AR T
Tl p A A A FZERAED down-regulation 32 1213, A3 &0 BE DK 30%(%
pAEA A FZEERAEERSEO 2 LT HERENG NN ToD 14,
PR EMEIRIEIR T A 74 Tk, v b= L7 KLU U HRD A
HPAEMER 2 H 3 5505 O3S, N-methyl-D-aspartate (NMDA) 52 ZFAF5H1 3 72
EOEIRMBIFEOBMB GBI I N TND BV, Zo L5 A4 A KD
HCHE— NMDA S B AERFEHIUER 2 0FERE A R py, MBI & & i
DS ATFEIRI G LR 7 B o e % n - 2 SR S e 18, EEREBLA O
ERXDE, VT R U BRI AR MEEN 2 FER>Z <~ 2 R—1|Z
b IRRIEE MRS ~ ORI PR SN D, ERE BERIFCATIRENS 72 & O IR
PRIBDNDAE U DR B EMEER 1035 # v 2 R—= L OF/MEREE Shis
P, L L, BABEOMRBEERER x5 & LIl TOaMET
HONZEN TR, ZZTH 1 BT, DAL K DHREEEEFE~OH
MERHE SN THD AT R b n A A A RZREFISIEH O#Z2HT 5
RueEL7 42, AFxva Ny, 7o =)V IR E L, ks

Ta e NIRRT A 22 R— L DOFMEE RS LT,



oo AY RIS MR IO DA MENRE STV D — Tl
DA EAA RIZHRTIRKOBEEENEHN ERRESN TS 2 HHEOIR
FEZRIRAUT ., S IRTEE)CRRAERE DR TIZIERS LT\ D72 2 BRIR ERIE & 72
D15, AV RUBRMAEE A INICHAET DIRKUE. A EKFEICHAET D X
PEMEIRIFEERE & DR G- N MG SN TWD Z &b 28 IRE S FRkIC &K
FFRNZHAT D ATRBHEDR B R DD, A Y R OBtREIL, ATH A A FOfk
/L b x#a8— H & (morphine equivalent dairy dose: MEDD) (2 -3y /- #a
REHARIZRD LN, PHERITITEN H D720, FATHEAA R AY R
VAERT LAY UM ®EICARY . AR ORERIRKOIAERN BT
DLARBMENRE X DiILD, £ 2T, AY N BAMEE O L 72 IR O K A B & 28T
L, BERRAV RUBBEZRFIT 22 L2 BINE L% A& ak— MR
3 L7z,

WIZ, BAEIR O THR b FAEBER G < | B LT VWEBEBRE 8 ICE H
L. et RRFEEOAINZ B E L% A M S BRI E2 £ LT, Bis
B DEERAL ORI S 0272 > TOARWD, BB IS I3 E 2 A LR
LR EMEER OEHRENRIE L TVD 2 2 Lns, MREENEREOERE %
BB IT. p A A A FRREREEN O G T 54 A4 A ROZRMN
BOIUIS KEHRELTWZ ERTREIND, LU, BIEBROA L X5 L
L. A4 A REICTOEES il U2 AT gR I3 200, F 70, BSAEIRICHTT
DA EAA ROAINEIZ DOV TR L7 AT E D2 < IR TR E O LD 7

el L TWD 3, BEBR T EICEERFICAET L 2 &b BEAEDHE



(Activities of Daily Living: ADL) O FIZEEN D W= 8, 844 Fickd
ADL ~DOFBEPETH L VEBETHL LB XD, T TH 2 ETIE, B
Bm OEHR L D BER ZHET L. & B2, BRI T 24 41 FOofAZMEE,
PEIRIREE & ADL O WA O il L7z,

S5, EBREBLED D BF IR A U A A RERINT 57200 A%
1§52 L& HWE Lz S BEse s £ Uiz, 441 FOMERBITIT
BANZEDFIEL 220, ZOJRK E LT, p A4 A NZEEERT (OPRM1) D
A118G £ (rs1799971) NRE K HE L TV 5D Z & D kk A 7 AT S8 Tl <
NTW5D %228 = R ClE, OPRMI OFIRRFEIKICI T 5 118 F H OHEIEAH
TT=2 (A) o7 T =2 (G) ITEBRINDZ ET, p A A NZEEMIE
Gk R A A > OFEHEMA NN AT 5 2, Db, G T LV (AG, GG) ¥+
U7 TiE AA Fx U TIZHATHES A ROPRERPGFELNIT WD &2, BV
ERART = X VO HBE ARG L LT AT TR ST D 303
—H xR A A REERA LCBE AR L LRI TIE, 844 R
DRFEBUKTT D A118G ZRIDFEN RO Lol 2, Lichi-> T
Al18G ZHINF A A FORRFHBUCRIETT BT, AR LRI ETA RO
HHIZ K-> TR WRRMERE 2 OND, £ I TH 3 BT, BAKNmEM A
HICTAEA A REBhG L, Mk a 5 L7z APt 2 x4 & LT, Al18G %
TIRKEA A A FOZRIEBUC KT T B L K LT,
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RO A Y RUBRERIZ ST BB L DRR

PRRRIEE MR I, X, FBE. RARRR T oM, WA, . i 2
L VAT, ZOREMRTOEHEME, ZmEtENs, HHRETH D Z LML T
% 7, MRRBEEIER OFEYRIEIZET 2 WA KT A Tl DA X D EEN
IRAPRR B E IR I L CA E A A ROBEN/HERI N TWDER B, 4o
NHETEFIROFERENTIRESNATELT W3 IR a o7z
A=), B REENLT + OEENEMIZH LN > Ty, 612, 2hb
DAEFA NiE p A FZEEREIERN OB 2 BT 5720, T b M
HCI3 iR R EMEER ~ OB E DN+ TIERVEFINEZ . 2D L5 RGAIC
FEr b= AT LT U UERVALRBEFEERZAT 2009 2ES
NMDA % A5 0B Nk o3 it s s 15717,

ZD X5 7eH, NMDA ZEWFETEM A2 AT 2 AV Ny, BHEES A B
DOMFRFEEEERICH L T T = Z =V XD AN TH D Z ERHE S 18,
dual action opioid (ZxF T D HIHENE L > T D, HKEZHB AL EZDLE, /
T RUF U R AL ENER Z 0 FF> dual action opioid DX~ & R
— A S AR EMEIEIR ~ OB S D, —FH . Z X0 =L IR AE
TR L L COBRBRIEIS &2 IS LT Db DR AR E 72 < . Mz T,
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DITITEESTEL T, DABEFEOMRIEERERICHT 2087 A TWER
RF53Th D, £ TRETIE, F7, MREENER A 3008 KRR 5
BB R= VO EMOF A A R el L, BRI O @A B A
REHONZTHZ EEBM LT,

Fio, LA RPET D p A4 FZFERRIEERIL, 8\ 720 72 <
MR AR PE DFEAE I & BB A RT3 3936, @I, A4 PRI L T
bop A EAA RFEREAIERIC X0 BRMEEECA 2> 5 BOER CTRRPER TR S
Lo, IR EORIWERMNRMEE 725 2 1347203, NMDA ZFIKITE /L
b X ORI G D WA HRE3 5 2 £v5 . NMDA A K5 HL/EH]
EHT DAY RUEHERT S L. IRK e EORFEFZRITRT DR 4 Tz
W, a3z 7 b Ea—ZB WL, AT RO A A RED b EEDIR
KDOFEERPENZ &G SHL, EEMREN L Shiz 2, EEOKATHIZE T,
IREFEAEE AV FUEHEE OMBEIZRNZ ERREINTWDH ¥4 =
LD OMFFEITINT LS AV R UMERIBIEICB T 54 B4 1 NMKIHERE 2 4%
ELTWeled, BEEE, A LA R R L, BN A CRBEIC R E
L7oMERFRICEIE L Qe — 5, A RUBRGEE B DINIC AT D IREIE.
(b2 A O & R AT A AL 6t 2 ROSMEDZEA & R & Uiz, AR PERER
IRFREREL 3B - LT 2 AIREME DS A ST D 2223 HRR I R IR S P8 1%
A R AR ERAFICRET D720, IRAS FERICH BIRFRICHRET D &
EZBND,
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AEIRIRIRICH VW 5354 . National Comprehensive Cancer Network (NCCN) (2 &
STEEBEINTWDHATAEA A KD MEDD IZHESW I BERIZHEWVRD B
Ho LinL, MERIITERH D72, FATAHEAA RDAY FU~EHT 5
BRIZAT R EmIce D IRKOFEAERN LA LWL AEER S 5, — 7,

A RUAZ K DIREUC O W THA L7 BATFRIZ R TA A A NMKIFERE &
R LTEY, EREMBWNTAY 2B LICEEEZNGE LTAYR
CIBFMEIRK DO ERIC OV TIRA L2 e TR eV, £ 2 TARETIE, BNAK
IR I 5 A RUBMA% OBERIRKOERIZOWTHRFTL, Loies
IRAY R UBIMRIE LML T 272012, TATHEAA o A Y R~k
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1. XtBEE
(1) MR EMEER 2 200N AR T 5 2 X% R—LOF MR
20134F 1 A 1 H25 2019 4F 12 A 31 HORIZ, T2 A BIFRFEIZ I TRk
IR A TR AR OB BRI T, XX % R—UiRgEE, A RUgE, b
R E/V7 4 ARKGE, A% 2 RURBEE, 7 =% = Vb #2846 L7 B
KRANDABEEE 28R LToRER, 324, 3940, 2544, 2244, 32 A0S h
2o HAEAA RBIAAH 14 B B & CICOBERELZ G LGS, A4 R
DTN FN B L RIT LG D, XX =L A R B ReE
NI F . AFTa Ry 7= F =B T AR BEIGT 14 H B £ TICH
DI ABMBEIIERT L34, T4, 54, 24, 6 4%5RE, 2 H K
—VEE294 AV RUBER A, E RREL T+ UBE204 ., A% 2 RUEE20
A T2 B ZIVRE26 B DARBRI O R L TR0 T,
(2) AV FUBFMEIRKZRS <7D OBE L O E
201341 A 1 A5 2022 458 H 31 AORMIC, TYLABHBRIZH W TR AKE
TR ORERN H BT A Y R Bg4 Bilhh L7- B AR A D AR & 38k U754, 108 44
W S 7z, IRWT, B TO A RUEHRERH 588 8 4 %fRE, 100 4

NIRRT DR R & T2 o T,
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WA AVT G, Fln, MR, Body Mass Index (BMI), Eastern Cooperative



Oncology Group Performance Status (ECOG PS), S AJFIENL, 7444 RO
RIS LD MEDD, 454 B4 RBIMGHRFOMIET AT XTI/ b
VAT =7 —BIRFEE (aspartate transaminase: AST), M7 7 =07/ hTF A
7 =7 —EEE (alanine transaminase: ALT), M{g y-Z V¥ IV F T VAT =T —
YR JE  (y-glutamyl transpeptidase: y-GTP), MyE 7 L 7 F = VB & (serum
creatinine: Scr), HEE RERIANIEIH & (estimated glomerular filtration rate : eGFR), IfiL
1GIRFEZE R (blood urea nitrogen: BUN), f H 3K A 1% S HHBICHHA L7, ERR
FRAEIL, A © A RBRGE A O 1 AR LINICHENE S o R 2B L,

Z OB PNIEE BN IR A L RN FEh SN TWEGAIE, 48414 R
PRAR BT BV A OfRZ £ L7z, MEDD (X, NCCN A FJ A > Ok

KNS ZRE LTz,

3. KR OEE O

PIE OFESE (AMEIR . PlBUR . PR EIRAR) 1, A4 A A RBRGARFIZ &
BEREFINLTICHHELEZEAEZ b L2 LT, 2480w
RWBRE OIS . B AZER McGill Pain Questionnaire® [Z50# SN TWAH U — K&
b IR Le, BARRICIE, TV T TRERISND K572 70 EOfL#
Wi DY m & 1 v b UTe, BB & 0 (KB IHEE 25698, i
Ao DRABERE, FLS AT K D BB P BHSHR S A DJR T IC K 2 5 3
< LD 79T, DANBRIEFECEMRERICIRE L7e 2 818 & 2 B R S AR

R STz, NIBTRICOWTCIE, TEESND L 972 THEW] Z2ER DT



RSN TWDLEEE Tk LIz, Bk & LT, RlsoEe - IR YD >
PNEIERC K D EREED - AR IR K 2 B O g . A3 AUPERERR AR 1
& 2 NEEBIEA A FF O JRAEA AR 72 I 9w 2 Pllgim & HIBT L. W bd R A%
KA, [7aTF4=7 1 TLONE XS 72 REBRIATIZHREEENTND
Ha w MRBEEMIERIC N U > b U, FHEEER - R DB A DS
L2 OSBRI 2 AL 2 BB - HIBVR, BAC D VB A - i -
FEALER e 2 | IR 3 2 2 &I K D EFEARR AL D L O & £ 9 R IR

DIMRRE R PR & HIlT ST,

4. YR58 BE O FHAM

KA A A FERTD OB 14 B H £ TO numerical rating scale (NRS) &
%M verbal rating scale (VRS) & fi4 L7z, IR ILEE B HIZ X > Tl
S, EOHEREIT VRS ITHE— L T L 72, NRS 225 VRS ~D A =1 7 254X
NRS =0 % VRS =0 (no pain), NRS=1~4 % VRS =1 (mild pain), NRS=5~7 %
VRS = 2 (moderate pain), NRS = 8~10 % VRS = 3 (severe pain) & L7= %, F7=,
L A% 2 =3O PERMRE DEICEELZ KT LGLD, T4 LA K

BRIGHTZN O BHAATE 14 HEH ETO L AF 2 — KO HEEIZ O W T H#E LT,

5. BEEROFM

BFEFA FELEH 14 BUNICEU-AEESLL2FE L, AEFEROAE

EREEEIT, B AT EOBE LR, b ONZERM, BN, AR X SRk
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b EIHIWT LT, 2B, AN RREED DA FEE L THERF LTS

6. A Y FUBREERIOBERIZE T S BRE

AP FAZLDIRKIL, Blhatg 7 AURICAEFRRORERPRbEL 2D
TENMEINTVD Z Lnd ¥ AR TIEA Y FUBME 7 A UNICIRK
MIAEETITE LIS 6% TIRXHV ) & L,

A Y R BBAR OIRKOER ZH 52T 5729012, BIAEEIZ IR S Y |
HHWVE TIRG R L) O 2 0EKEHREL, BETRR T E2HALKE LI 2K
BERIYRAT 4y 7 BEURSIT 2T o T,

Fio, AV R OREPOH IR IEICONTRETT H72®12, A KB
W61% 7 BUNIZIRGDSIEAE LT E A LR o IBICB T 28T A A R
® MEDD, A% FUBlthE, AV FUBEHE, AV R BIEHTH T oK iR

ER IOV AFX o — R HEEOL R, BEETRETNTHIR LT,

7. BATAECEA R A Fo~D0fEKOREH

FATHEA A RO A RAZUI D E R EE LR E L, IRREPI T2
DD H » A 7% | receiver operator characteristic (ROC) HifE 2z 1ER% 4 5
ZETHEHLE, BRZREIZE TIRK® Y | 50T TIRK R L) O 2 558 %
RIEL, HATAEAA RO MEDD IZxf7 % A% R BAtaEO R AR5 &
L7z, 2B, BATAHEASA RO MEDD (233 5 A% RUBIED IR, A

N BtAEAZHEATAE A A RO MEDD Tkd A2 L CEH LT %,
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8. EEFEEE & BIRAAEE B

(1) MRRFRE BV 2 & 0 S VIR IS 5 2 X0 7 R— L OFMERGT
FEFHHEHE & LT, A A A NBIEANI e 2% 7 AL 14 HET

® VRS Zft &% 5 DOF A A NETHI Lz, £72, RIKFHIER & LT,

HA A A RBARTC T 2BiA1%% 3 HE & 5 HEIZEKIT 5 VRS ki, &4

B A FBAGARETIC KI5 BAA1 3. 5. 7. 14 H BIZERIT 5 L A % o — 34l A5

DEALE, A4 A RBAE 14 HUNOFEEFRIZL DA 41 Rhik%Ez

5O0OF A A RiE Tl L7z,

(2) A Y RUFHRERKOEROFFER LIRS A 72D O#E L OfE %
FEEME B 1L, READBEETHITATES A RO AT ROV EZ D

TeHOOBELLE U, £, BIRGHEHRA & LT, A FUBAE 7 H LA OIR

A0

JIEERE | IRRUCKE B2 B A DRFRBIOZDA y XL Lz,

9. KLEHARMT

(1) FHFRFEE VIR 2 & de 28 AVSRIB ISR 5 2 R # = OB DR
HAEAA RBEARTHE TO VRS Z L& L OV A % o — 386 H B0 21k &

DHHIZHUNTIE, Steel-Dwass B LR E 2 V2, Yo 7001 X3, 5k

ITRIE B 2 5BIC L, K44 A FEET20 400 EE LT,

(2) A Y FUBRMERKOERNORER L OIRK 2 T DA D%

AY FACKDIRKOER Z R ET D720, ZEBER AT 4 v 7[Ry
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WaiTo7c, IRRDHVEEL 72 LEEICRIT D74 44 KD MEDD 38 XUV A
R BAGREO FERITIT Student’s t test & VY, A ¥ R B4HRT# TD VRS B &
WU A ¥ o —FEHFEEOZE & O #EZIZIE Mann-Whitney’s U test & U 72,
HERZOEOIZAYT Rz hibd LS I3HE L2 EBEEEOIZIX,
SEPEDRREZ W e, oA RIE AT B BB L, AT RUic X
DIRKUTFET DR OFRFEICE LT, 2R 4, IRKDIEIER 46% D At
T AV R LHRFOREZ RIS 27201ITT 85 AL ERNE L e oTz, &
BIT, JEATAFSE BT S & 15% & BRAMEE & ARE L7okE R, FAEFIEUE 100 44
ERRE LT,

RB(DQ) DWTHIZBWTH. p<0.05 DERICHIFZMICHEETHD & L,

FENTIZ IS EH#4T 7 7 |~ BellCurve for Excel Z fHV M7=,

10. fEAECE
KIFFRII~N T U FEESB IO T AZMNSR E T H4EmMBE - [ RMEIC T
HmERFEEE) AT L, KIOKZ KPR 7e R} « SR R A T fm B R A 2

By (KFEET - A 30-11) BIOWL A BFbimEER S KRES « AT

U/

)

rb

ikl

85 26 5. B 76 5) OAREZIT TREM LI, AEEZERTDICHTY

EEOBENOERRE EZ/RT,
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(1) FRFRFEEMEILIE & BT N AR ISR T D X~ % R— L OF MR

AR OXGEE D % Table 1 1IZR7, JeATA EAA KO MEDD (3, * 4

FUBETHEBICE o0z, THUSOHAL, 5 B THRER R o7,

Table 1. Baseline patient background

Tapentadol Methadone Hydromorphone Oxycodone Fentanyl ~ p-value
(n=29) (n=32) (n=20) (n=20) (n=26)
Age (years), mean + SD (range) 69.9+13.8 693+12.4 75.8 £13.1 75.4+6.2 729+13.0 0.18
(49-92) (40-87) (43-93) (64-89) (48-93)
Sex, male, n (%) 14 (48.3) 10 (31.3) 7 (35.0) 8 (40.0) 13 (50.0) 0.55°
BMI (kg/m?), mean + SD (range) 199+43 18.8+2.5 209+49 19.5+3.1 189+3.2 0.66*
(12.3-29.7) (14.2-23.7) (14.2-33.1) (13.6-24.4) (14.4-25.4)
ECOG PS, n (%)
4 5(17.2) 5(15.6) 5(25.0) 3 (15.0) 6(23.1) 0.28°
3 10 (34.5) 19 (59.4) 6(30.0) 5(25.0) 9 (34.6)
2 6 (20.7) 5(15.6) 2 (10.0) 3 (15.0) 4 (15.4)
<1 8(27.6) 309.4) 7 (35.0) 9 (45.0) 7 (26.9)
Primary cancer site, n (%)
Colon 6 (20.7) 7(21.9) 4 (20.0) 2 (10.0) 4 (15.4) N.A.
Blood 5(17.2) 1 (3.1 4 (20.0) 2(10.0) 0(0.0)
Lung 4 (13.8) 5(15.6) 1(5.0) 4 (20.0) 5(19.2)
Pancreas 4 (13.8) 5(15.6) 5(25.0) 2(10.0) 2(7.7)
Breast 2(6.9) 4 (12.5) 0(0.0) 2 (10.0) 2(7.7)
Stomach 2(6.9) 0(0.0) 0(0.0) 2 (10.0) 4 (15.4)
Uterine 1(3.4) 3094 1(5.0) 1(5.0) 2(7.7)
Others 5(17.2) 7(21.9) 5(25.0) 5(25.0) 7 (26.9)
Type of pain, n (%)
Somatic, visceral, and 4 (13.8) 11 (34.4) 5(25.0) 2 (10.0) 9 (34.6) 0.99°
neuropathic pain
Somatic and 15 (51.7) 14 (43.8) 6 (30.0) 12 (60.0) 6(23.1)

neuropathic pain
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Visceral and 3(10.3) 309.4) 8 (40.0) 3(15.0) 6(23.1)

neuropathic pain

Only neuropathic pain 7(24.1) 4 (12.5) 1(5.0) 3 (15.0) 5(19.2)
Pre-treatment opioids, n (%)

(including duplicate answers)

Oxycodone 9 (31.0) 8(25.0) 3 (15.0) - 9 (34.6) N.A.
Fentanyl 4 (13.8) 9 (28.1) 2 (10.0) 2 (10.0) -
Tapentadol - 5(15.6) 2 (10.0) 2 (10.0) 1(3.8)
Morphine 1(3.4) 3(94) 2 (10.0) 2 (10.0) 3(11.5)
Hydromorphone 1(3.4) 6 (18.8) - 0(0.0) 0 (0.0)
Tramadol 5(17.2) 1(3.1) 1(5.0) 4 (20.0) 0(0.0)
Naive 9 (31.0) 1(3.1) 10 (50.0) 10 (50.0) 13 (50.0)
MEDD of pre-treatment opioids 308+42.0 1142+1046 17.4+278 19.2+33.2 21.9+28.7 <0.001°
(mg/day), mean + SD (range) (0-210) (0-500) (0-105) (0-120) (0-80)

Concomitant medications, n (%)

(including duplicate answers)

Acetaminophen 11 (37.9) 7(21.9) 7 (35.0) 8 (40.0) 13 (50.0) 0.27°

NSAIDs
Loxoprofen 9(31.0) 7(21.9) 4 (20.0) 3 (15.0) 7 (26.9) 0.72°
Celecoxib 5(17.2) 8(25.0) 2 (10.0) 3(15.0) 5(19.2) 0.72°
Diclofenac 4 (13.8) 1(3.1) 0(0.0) 0(0.0) 1(3.8) 0.11°
Others 1(3.4) 3094 1(5.0) 2 (10.0) 5(19.2) 0.33°
None 13 (44.8) 15 (46.9) 13 (65.0) 10 (50.0) 11 (42.3) 0.60°

Adjuvant analgesics
Corticosteroids 13 (44.8) 19 (59.4) 10 (50.0) 7 (35.0) 10 (38.5) 0.41°
Gabapentinoids 8(27.6) 6 (18.8) 2 (10.0) 9 (45.0) 9 (34.6) 0.087°
SNRI 1(3.4) 5(15.6) 0(0.0) 1(5.0) 2(7.7) 0.21°
TCA 0 (0.0) 1(3.1) 0 (0.0) 0 (0.0) 0(0.0) 0.56°
Others 5(17.2) 6 (18.8) 0(0.0) 2 (10.0) 4 (15.4) 0.34°
None 10 (34.5) 10 (31.3) 9 (45.0) 6 (30.0) 10 (38.5) 0.84°

Laboratory values at the start of

each opioid therapy, median (IQR)

AST (U/L) 22.0 26.0 38.0 30.0 22.5 0.15¢
(9.0-100.0)  (14.0-162.0) (19.0-341.0) (11.0-138.0) (14.0-163.0)
ALT (U/L) 17.0 15.0 21.0 12.0 14.5 0.20°

(5.0-63.0)  (6.0-142.0) (12.0-178.0) (5.0-511.0)  (4.0-203.0)
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v-GTP (U/L) 59.0 104.0 94.0 35.0 31.5 0.22°
(16.0-562.0)  (17.0-457.0) (17.0-2377.0) (15.0-327.0) (12.0-2458.0)

Scr (mg/dL) 0.58 0.57 0.66 0.56 0.73 0.22°¢
(0.30-1.19)  (0.30-1.43)  (0.39-124)  (0.42-1.04)  (0.18-1.44)

eGFR (mL/min) 94.5 86.4 64.9 81.6 75.3 0.23¢
(472-169.4)  (28.0-156.2)  (46.7-136.5) (44.0-148.1)  (36.3-277.6)

BUN (mg/dL) 16.8 14.1 14.9 13.4 20.9 0.26°

(5.4-84.3) (5.4-50.0) (6.5-35.6) (6.4-26.6) (5.9-37.5)
aSingle-factor ANOVA; Pchi-square for independence test; “Kruskal-Wallis test. Abbreviations: SD, standard deviation; BMI,

body mass index; ECOG PS, Eastern Cooperative Oncology Group Performance Status; N.A., not available; MEDD, morphine-
equivalent daily dose; NSAIDs, nonsteroidal anti-inflammatory drugs; SNRI, serotonin-norepinephrine reuptake inhibitor;
TCA, tricyclic antidepressant; IQR, interquartile range; AST, aspartate transaminase; ALT, alanine transaminase; y-GTP, y-

glutamyl transpeptidase; Scr, serum creatinine; eGFR, estimated glomerular filtration rate; BUN, blood urea nitrogen.
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Figure 1. Change in the mean VRS scores on pain
The VRS scores were investigated at baseline and after administering each opioid (on

days 0, 3, 5, 7, and 14).
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Table 2. Differences in the VRS scores compared to before tapentadol, methadone,

hydromorphone, oxycodone, or fentanyl administration

Day 3 Day 5 Day 7 Day 14
Tapentadol (n = 29), mean (95% CI) 0.96 0.96 1.10 1.12
(0.67-1.25)  (0.70-1.22)  (0.86-1.33)  (0.75-1.49)
Methadone (n = 32), mean (95% CI) 0.83 0.86 0.90 1.13
(0.55-1.11)  (0.49-1.24) (0.48-1.33) (0.73-1.52)
Hydromorphone (n = 20), mean (95% CI) 0.71 0.76 0.67 0.60
(0.48-0.93) (0.56-0.97) (0.42-0.91) (0.28-0.92)
Oxycodone (n = 20), mean (95% CI) 0.32 0.29 0.35 0.33
(0.10-0.53)  (0.07-0.52)  (0.12-0.59)  (0.09-0.58)
Fentanyl (n = 26), mean (95% CI) 0.52 0.57 0.65 0.53
(0.31-0.73)  (0.36-0.77)  (0.42-0.89)  (0.30-0.76)
p-value (tapentadol vs. hydromorphone) 0.82 0.86 0.15 0.31
p-value (tapentadol vs. oxycodone) 0.017 0.012 0.0024 0.035
p-value (tapentadol vs. fentanyl) 0.19 0.22 0.093 0.13
p-value (tapentadol vs. methadone) 0.96 0.96 0.91 0.99
p-value (methadone vs. oxycodone) 0.063 0.20 0.31 0.029

Steel-Dwass multiple comparison test. Abbreviations: CI, confidence interval; vs., versus.
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Figure 2. Change in the mean number of opioid rescue doses use
The usage counts of rescue doses were investigated at baseline and after administering
each opioid (on days 0, 3, 5, 7, and 14). When multiple types of rescue doses were used,

the total usage counts were determined.
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Table 3. Differences in the use of opioid rescue drugs compared to before tapentadol,

methadone, hydromorphone, oxycodone, or fentanyl administration

Day 3 Day 5 Day 7 Day 14
Tapentadol (n = 29), mean (95% CI) 1.21 1.00 1.31 1.92
(0.51-1.91)  (0.13-1.87)  (-0.10-2.73)  (0.38-3.47)
Methadone (n = 32), mean (95% CI) 1.32 1.60 2.60 3.00
(0.68-2.00)  (0.87-2.33)  (1.79-3.41) (2.12-3.88)
Hydromorphone (n = 20), mean (95% CI) 0.55 0.45 0.60 0.70
(-0.07-1.16)  (-0.40-1.31) (-0.95-2.15) (0.04-1.36)
Oxycodone (n = 20), mean (95% CI) 0.46 0.091 0.18 0.20
(-0.16-1.07) (-0.40-0.58) (-0.33-0.70) (-0.71-1.11)
Fentanyl (n = 26), mean (95% CI) 0.42 0.50 0.75 1.20
(-0.62-1.45) (-0.32-1.32) (-0.48-1.98) (0.29-2.11)
p-value (tapentadol vs. hydromorphone) 0.76 0.91 0.96 0.58
p-value (tapentadol vs. oxycodone) 0.31 0.46 0.34 0.31
p-value (tapentadol vs. fentanyl) 0.68 0.95 0.96 0.96
p-value (tapentadol vs. methadone) 0.99 0.91 0.42 0.55
p-value (methadone vs. oxycodone) 0.14 0.074 0.0045 0.0093

Steel-Dwass multiple comparison test. Abbreviations: CI, confidence interval; vs., versus.
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Table 4. Baseline patient background

Patients with Patients without  p-value
daytime sleepiness daytime sleepiness
(n=40) (n=60)
Age (years), mean + SD 69.4+13.5 66.0 +£13.8 0.172
Sex, male, n (%) 18 (45.0) 23 (38.3) 0.32°
BMI (kg/m?), mean + SD 19.7+39 193+34 0.632
ECOG PS, n (%)
4 10 (25.0) 11 (18.3) 0.48°
3 11 (27.5) 24 (40.0)
2 13 (32.5) 14 (23.3)
<l 6 (15.0) 11 (18.3)
Primary cancer site, n (%)
Lung 9(22.5) 6 (10.0) 0.41°
Colon 7(17.5) 11 (18.3)
Pancreas 5(12.5) 10 (16.7)
Uterine 4(10.0) 6 (10.0)
Prostate 3(7.5) 1(1.7)
Breast 2 (5.0) 6 (10.0)
Others 10 (25.0) 20 (33.3)
Type of pain, n (%) (including duplicate answers)
Somatic pain 28 (70.0) 42 (70.0) 0.59°
Visceral pain 13 (32.5) 25 (41.7) 0.24°
Neuropathic pain 30 (75.0) 42 (70.0) 0.38b
Pre-treatment opioids, n (%)
Hydromorphone 14 (35.0) 11 (18.3) 0.085°
Morphine 9(22.5) 7(11.7)
Fentanyl 8 (20.0) 15 (25.0)
Tapentadol 4(10.0) 10 (16.7)
Others 5(12.5) 17 (28.3)
Laboratory values at the start of methadone therapy, median
(IQR)
AST (U/L) 27.0 (11.0-162.0) 21.5(10.0-133.0) 0.42¢
ALT (U/L) 19.0 (4.0-142.0) 14.0 (5.0-153.0) 0.20°
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v-GTP (U/L) 65.0 (7.0~768.0) 49.0 (7.0-944.0)  0.56¢

Scr (mg/dL) 0.67 (0.20-1.82) 0.66 (0.28-1.95) 0.80¢
eGFR (mL/min) 81.4 (21.5-324.4) 77.2 (16.3-254.1) 0.35¢
BUN (mg/dL) 16.4 (5.4-50.0) 16.0 (5.9-50.1) 0.86°
Concomitant medications (including duplicate answers), n (%)
Acetaminophen 10 (25.0) 12 (20.0) 0.80°
NSAIDs 17 (42.5) 28 (46.7) 0.42°
Adjuvant analgesics 19 (47.5) 39 (65.0) 0.063°
Corticosteroids 16 (40.0) 31 (51.7) 0.17°
Gabapentinoids 4(10.0) 6 (10.0) 0.64%
SNRI 4 (10.0) 5(8.3) 0.52°
Others 3(7.5) 5(8.3) 0.60°

aStudent’s t test; "chi-square for independence test; “Mann-Whitney’s U test. Abbreviations: SD, standard deviation;
BMLI, body mass index; ECOG PS, Eastern Cooperative Oncology Group Performance Status; IQR, interquartile range;
AST, aspartate transaminase; ALT, alanine transaminase; y-GTP, y-glutamyl transpeptidase; Scr, serum creatinine;
eGFR, estimated glomerular filtration rate; BUN, blood urea nitrogen; NSAIDs, nonsteroidal anti-inflammatory drugs;

SNRI, serotonin-norepinephrine reuptake inhibitor.

Table 5. A multivariate logistic regression analysis of daytime sleepiness following

methadone administration

Variables Odds ratio 95% CI p-value
Age 0.99 0.94-1.06 0.93
Sex 0.70 0.19-2.57 0.59
ECOG PS 1.17 0.62-2.20 0.63
MEDD of pre-treatment opioids 0.94 0.92-0.97 <0.001
Methadone dose 1.40 1.18-1.65 <0.001
Patterns of methadone introduction 1.15 0.01-1.82 0.74
Pain score at baseline 0.73 0.30-1.76 0.48
Usage count of opioid rescue medications 1.33 0.90-1.98 0.15

at baseline

Abbreviations: CI, confidence interval; ECOG PS, Eastern Cooperative Oncology Group Performance

Status; MEDD, morphine-equivalent daily dose.
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Table 6. Comparison of methadone induction methods in patients with and without

daytime sleepiness

Patients with Patients without p-value
daytime sleepiness daytime sleepiness
(n=40) (n=160)

MEDD of pre-treatment opioids (mg/day), mean + SD 67.0 £62.8 194.0 £221.1 <0.0012
Hydromorphone 542+423 93.5+433 0.0342
Morphine 134.9+90.3 409.1 £330.8 0.0312
Fentanyl 542 +29.6 160.9 +£132.5 0.0072
Tapentadol 30.0+15.0 119.0 +72.6 0.0042
Others 30.8+20.3 243.6 +£291.6 0.0082

Methadone dose (mg/day), mean + SD 17.0 + 8.8 193+11.9 0.59*

Overdose rather than MEDD conversion strategy 7 (17.5) 0(0.0) 0.001°

suggested by the NCCN, n (%)

Add-on methadone to pre-treatment opioids, n (%) 4(10.0) 5(8.3) 0.52°
Add-on 5 mg/day methadone 0(0.0) 3(5.0)

Add-on 10 mg/day methadone 0(0.0) 2(3.3)
Add-on 15 mg/day methadone 3(7.5) 0(0.0)
Add-on 30 mg/day methadone 1(2.5) 0(0.0)

Discontinued methadone or reduced their methadone dose 10 (25.0) 0(0.0) <0.001°

due to adverse events, n (%)

Excessive daytime sleepiness 6 (15.0) 0(0.0)
Over-sedation 3(7.5) 0(0.0)
Delirium 1(2.5) 0(0.0)

sStudent’s t test; °chi-square for independence test. Abbreviations: MEDD, morphine-equivalent daily dose; SD,

standard deviation; NCCN, National Comprehensive Cancer Network.
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Figure 3. Change in the mean VRS scores on pain

The VRS scores were investigated at baseline and after administering methadone (on days

0,1,2,3,5,and 7) in patients with and without daytime sleepiness.
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Figure 4. Change in the mean number of opioid rescue doses use
The usage counts of rescue doses were investigated at baseline and after administering
methadone (on days 0, 1, 2, 3, 5, and 7) in patients with and without daytime sleepiness.

When multiple types of rescue doses were used, the total usage counts were determined.
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Table 7. Seven patients switched from pre-treatment MEDD < 60 mg/day to low-

dose methadone

Patient Pre-treatment opioids Methadone dose Daytime > 50% Pain
number sleepiness relief
1 Oral hydromorphone 6 mg/day 5 mg/day - +
(MEDD 30 mg/day)
2 Transdermal fentanyl 1 mg/day 5 mg/day - +
(MEDD 30 mg/day)
3 Intravenous morphine 24 mg/day 5 mg/day - +
(MEDD 48 mg/day)
4 Oral hydromorphone 10 mg/day 10 mg/day + +
(MEDD 50 mg/day)
5 Oral hydromorphone 6 mg/day 10 mg/day + +
(MEDD 30 mg/day)
6 Oral tapentadol 100 mg/day 10 mg/day + +
(MEDD 30 mg/day)
7 Opioid naive 5 mg/day + +
(MEDD 0 mg/day)

Abbreviations: MEDD, morphine-equivalent daily dose.
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Figure S. Receiver operating characteristic curve for detecting the threshold for
conversion ratios of methadone daily dose/morphine-equivalent daily dose of pre-
treatment opioids without daytime sleepiness

Daytime sleepiness was defined as the dependent variable and the ratio of oral methadone
daily dose/morphine-equivalent daily dose of pre-treatment opioids was defined as the

independent variable.
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REENLT 04 F v a Ry, 7z ¥ =L OMRREEEML R 25 5 00 %
EREELI-MENH LN, ZHODIFLALIZT T REHRICLTWS,
L7235 T, MRFEEMHERICKT 52444 FOBRICBEH L C=ET U A%
RA45rTh Dl MIRFEEMERRICIT 22082 4 © 41 R TR L 72K
BEHIFERTHDH EE XD,

Flo, N H R VRS | MRREEEMERICRT L TR e A R U4 bl
LicbZA 14 HETO VRS D EIZFBE CH-72RA, 3 HE,. SHHA. 7H
HTO VRS BAEITWTN G XN F R=ABEOT R REN-T-, Zhid, H
BAFICETHHBIOEEICL D LD EEZLND, AFRTIE, A Y R0
BRI DICHM 7 AE THEZENTERY, TO7h, RRFo
AY RUOBETCIEIBAB% I BEND 7 HE ETOMT VRS IZIZE A EEARRS
Niginole, —J, Z_X2 R— ik, BAtht: 3 HEEIC 50 mg D &5 [ HE
Td D3 EEE ARG BIT D X2 & F—)LBETIL 29 R 10 JEH] (34.5%)
A7 BRI 1 RILLEOHE&REEZ (T Cie, MREFEHLREE CIXZE
DA T A FPBEZRD 2 % REITOHEERRDOEND P, 4% S5
IZRRAEZ EAAD T & TH R R— LB A RBE OMREERERICE TH
HEVWH BT UANEENL, [BGER P ORM) O EHEIN AR TH D |
EVO RN, AV RUERTEEOI X T R—LOEFTERVEDEEZD

N5,
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VAF 2 —HF_R—ZATHEATI24 LA FOPBREI AT —RT5Z LR
BaSniclod, AEFTIE, VAF 2 —F T HFROZbEZRHE L, ZD
FER, LAX 2 — KoM AREIL, £ TORICB W TRIARE 14 BLINIZ 1 [E)/H
R~ Uiz, L7eo7T, 5 BERITO VRS B EOMHEIL, L AF 2 —I

DB TIIRL EAEAA RORIZ KL D TRetEr #HEHl S D,

BHREN KA A A RORERBUCKIETHEBIONT, B RuELrT 4
EAF v RUAL, IEMEAE N R 7 DR S D 728 | HSE P~ F 0 A
RERSE B CIIAEFRBARNEMNT 5, — 7 GRS E kb n g~
HR=NRAY R 7= 2 =)V BHEREIR T O 2 L2 1 Is < v,
ARFTTIE, eGFR 23 H1KA > 72 (28.0 mL/min) HBFIIA Y K&, ZDRIZ
o7z 36.3mL/min) BEIX T = X =L EHEH LTV, 86 L OREFNIC
BWTHAFEFGUITA L olo, 72, VRS A a7 E{L&IZkd 5 eGFR @
A ONIT 57201, eGFR & &R E Lo Bt & i L 72 &
ZA, eGFR IZ K DA EREBIIR OGN o7z, L3> T, eGFR MEfED
BHEOBRIRICEZEN TV DO, KFERITHT D eGFR 1T & % I Ik
DiginolebBE 2 b b,

ZRXH RV DEEMIZEH LT, #XZ R A THERFRICLV &S
ik & 22 o T EFNE 7R <O S O P THEFRIC L 585 P IERD i b IERVEER
Llpole, ZNUZ R—)UE, AT A NITHRT p A5 A RZRE~D
TERDRIIN D, WA A EFRICBIT 2 RN E W &0 ) F %2 o 5,

S BT, AR Z R dE 2 37 fEE EMEL | T ToORE# L2210 5 2
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ERSHERZRET L Z LD BREPITTF b7 v — L REBERITKAE L7228,
L OFR L0 b RN Z MR ENZ ERRESNTND Y, Lo T, #3
VAR, BUERORA D A7 BEWEBEICK LT HA ) R IBEIN &
720155 FRBMEDS R ST,

—J7. A RroZEMICBE LT, AV RUBG%E 7 AUNICET 2IRED
FAEFIL 40.0%TH Y, IRRORBAEE TIZE L2 FEHHEIL 205 HTh o7z,
ZEEN VAT 4y ARSI ORER. FATA A A RO MEDD & A Y R B
IHESIRROER & U TRIE S vz, 70, IRKDFEAE LIEE T, IRKD 720
STERCHERTHRATA E A A RO MEDD WA B o=~ T, AV R
PIMGEIIAEEN R 2T, ZTRHDRERNG, ST 4 A A K MEDD (2%}
LTCAY FUBBRENRZWIGAEIC, IRADBAET D ARENRB 2 65,

ARFHIE T 2 AP R UBAEIZ OV T, NCON [ZL» TIRBEN TV L
TAEAA PO ERL Y bEHETH L EEZH G, IRKRLEET
0.0%Th-o7c—H T, RRHVBETIL17.5% ThoTz, o, FEITAEA A FIC
ERELTAY RUZ2BHG L BEESIT 2 B CIRERE TH o208, L
H LAY RUCOHEIZ IRKOHVBEOF R Z o1z, S BT, 74414 K
® MEDD 7% 60 mg/day A DEFZ N A R ATAAL v F Lz TREFIZIBWT,
FATAEAA RO MEDD (x5 % A% R B EN IR Z WEE 4 4 TIE 7
HOIWIZIRGE DA L, ST A B A A KD MEDD IZXF9 5 AW R BRdh &R/
RWEF 3 AITIRKERBR L2 oTc, ZNHORERS, BITAHEA A RO

MEDD (Z%]7 % A Y RUBEEN S WEAIC, IREDAFAET A Hert 2 KE L
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TW5,

RS & 0 BE 40 4 DN 33 44 (82.5%) 1X. NCCN IZ L » THRE SN TWDH AT
FTEFA RPDOWRERICHE S TAY FUBRBEZRE LIZIZH 0D 6T,
IREDFEAE LT, ZHUT, R ROBD AN OIZ AV R BRGE I EE L 72 o
TLELTWRENRE X bILD, £ 2 TR Tl IRRABAETTATA A
A RMPBEAY R~V REZ DT OOWBEL O v N4 T7EZR M LT, 1T
I B4 A KO MEDD 7* 30 mg/day DB 2 4 & 48 mg/day DEH 1 41%,. A
N> % 5 mg/day MHHIA L7 Z & T, IRRERET LT LR LRIV ER
HZENTE, RETIXATAEA A RO MEDD 28 60 mg/day A:Jiii D B~
DAY R ITFAIE L TR S TWa 2, kit 3 flnb, T4 edA
R MEDD 7% 60 mg/day i DB I H LRI A Y R &8 A TE 5 AlRetEN
REETe, 7272l B REEALT 4+ U8 4 mg/day KT =X =T —7 0.5
mg/day 72 £ D, MEDD 7% 20 mg/day LA FOFATHEA A RELEH L TW LGS
21T, ARRETCHEH L7z R IIc R S& A FUBhEEZRD 5 & 5 mg/day K
i & 725, L7zh-> T, MEDD 28 20 mg/day LA FDATAE A A K A% R
~EID A DBRTIE A Y R Img $E72 EORH ERFN LI D L EZX D,

AKMFITIE, B Rr®/L 7 4 U 8E 12 mg/day & 14 mg/day 2l L T/ B
IZHB T, NCON OHERIZHEWN A Y R % 15mg/day 2 BEIME L2 L Z A, il
FCITIREK DA LT —F T, B TIEIRKD RO Ll o 7o, A T
L7TcHAREIZIEW BRE 2 Bl A Y U BiaE A RD D L, B RREALT + 6

12 mg/day 725 A Y RAZEID 2 256 ORHEGEIL 14.4 mg/day L7210 |
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E REE/LT 4+ U8 14 mg/day 706 A R ACHID B 2 256 OB #ER G EIT
16.8 mg/day & 72 %, RILTITAYT FAE Smg$Ed 10mg FEDO AR EKR STV
L, B2 BB 5 AV RUBMEITWVLTILS 15mg/day & 720 | #bE L
IZHEASWEHEFEN TE RV, SBREAECRFMEH TE T, K00
IR RN AIRBIC 72 0 | BRI A Y RUZHBTE 2O TIERWNrEE X
s

R 0 BEOBEFRREAERIL25.0%TH Y . ZDND 40.0%IZIRG LIS DIE
ROTZDIZAY Rk LLIEHEICESTZ, —J, IR LEETIL, AFF
RBOT=DIZAY Roddibd LIHE LZBF T W ehole, 2O Ehb,
REITIA Y RACLDAEFEFZOPTRAEHEN R bELS . MOFEEFLOT
A HTH DAL ® 5,

IR&H 0 BE LIRS LEEICEIT 2R M &I2OW T 1 H H CIIRK S
DEEDT DA BIZRED 7222 A HUBRIZIW TR R TH 2 M TRE 2
AT o To, BIRIBR DA+ Th 5 &, ARIESCHEROE OIK T IZER 5
—HTCERIERPEY E TR TH D & AR OIRKSEINT 2 fREMEN H
%58, ZDId ., BASKIRICH LT AY RUBIREZICE N Z R LTI EITiE,

BHEOBLENOAY RUBEEZBETLOHNEELNEE X5, 0B, IRKH
DEEEIRG A LEEOWT T H AT KU BHEARTE T L A F o —JEH i (a1
PNABIZHD L2 b, BEO 2 B THBEENRD T2 b, EIRHRE
OWNMNIVAF 2 —HOBHAICL D2 LD TIEA, AV FUrodEmRICED

EBEADBND,
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RE, ARFHIIL 3 DORAR B 5, 5 112, EROFHHIZIB W T, #fkiEE
PESI A ORFEEE 2 DTV 2 D | IRMER PR 72 & o fiik
e T M IR LIS D P 3 RAZ B 2 AT L T D WREME D D D, £ DT
painDETECT?® 7 & DR B MR (e A DR R & W T2 B 722 D it sk &
bID, B 21T, ERAT IO TN THENT 2 LBERMICITEECTH S Z
EMINETRBEINTEY OO GEET 11 BEOFHMEI ChiuLX 1 RA 2~
KT THEBFFEMEZE LN TWVD EHREIN TS H DD 2 KT 4

BETEHM L7272, 11 BEBEREM ChIUTER AU E LI LBO B D NEE
b2 2 T E TORWATEEEDR T D22\, A% 1%, a0 BepE & < 42
Z LTz, QOL OZALHFHl L TWS MERH D, 5 310, Afahdi i
72 MFZECThH o T=l2, BT EOBE TR, O WNCEIRE, FH#Am, K
AIEHIC & D50k E b & ICIRKO A EZ B LTz, £ D720, IR DR CHEIR O
B, BEATFIEOZEMIC OV TRl T & TWRW, KRR A RGET D 72012
7Y —ZRQREZR EDOIRTUCET 2EMESLRY 77 7 A % H T Him
SN LEND, Flo, KRFITTHEIE L7, IRKVBEETHITAEL A R
AV RGO EZ D720 OBE O NS L ik T —% &> Mk

ZHWTRGEET 2 Z EWEE LY,
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FAHE NE

AR T, MR E VIR 2 8 00 AJETR I LT, # 2 % R— LI Bth
%14 A HETORRTAY R EAFE DO E FRELT 40 AF T a R,
7w SV L BN BRI A R TR REM DRI ST, AN F R
(X, BRI ToOMERENLERBES BWERORAEY X7 BREmnBE I LT
bAENRERER L D LZ 26N D, S HIT, AY FUBRBEOIRKIZED
HEBHILENTER ST, 5%, B A5HMIEZ I 2 T-im &5tz L > T%
DEXEERRFET 5 2 & T, DAERE OISR IZxT 2 1RSI L o8N

(BN D ZEHIR SN D,
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FE2E DPABEZEOFHERICLIBEFIIHTHI AT FOFEMMEICETS
2a 35 )

EITRAUBE RS L AONDERMITEERR CH Y . B MERIEE D)
80%IZFBH LD O, BiABRIL, #i< & & LaFkmicing T, (KEAR
RAREN R Z 2 MR Tl 2 BV RIR (ZEHUR) 2R s 357290 %% ADL
DX FIZEN YT WS, 512, ZEOAEAA Fea&HE5 L THLHERIEN S
BAVRVEBI A S TR Y O EIEBIR O EEUTHIE T E Tz
. BEBRICEERAESA RERIRT D720 0MmENRD TN D,

BEBROBAERTE LTI ROX S RbDOREZ LN TS, £7 ., HE
HfCHEBE M DI SN Doy R D T uRE 7T 0oy MfkkE
K778 EORIEVEWE I L0 | AR OB L BIENS & Z Sh, REZR
PR AR S D 89, Fio N OPHSHZE M CREB AN HEAH L. AR ahie
ZIEHE - BT 5 2 & THRREEMEERAAELC D 0 S HITIEBENEITT S &
B - BCEE BT DR E T T BB ERA T o i bR I B 5T S
£ 5, T, BEICERN T 2MITBE S BN T2 DEIRIX S HITHER L,
Z D b KRR FIIN 2 TR R OBEIC L 2RO 5, 20X 51T,
HIEBIR IR F AR & MR EEMRM OERNES L T D ¥, Fe,
TREL A DO F 7 AFHIIIZIE, B p A A1 RZEEROK T5%BFET D
3. HRHRGRICZ OFBEP DT D 7, 1 HORRI D, PRRRIEE VR D
TR B UHEREITEME Lo < A EF A FREERIBIER OR 2 H4

DA T A ROHRIFELNICS WEB R L0, BEBIHICHREKD A4
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A REICHZNEZ il U772 BT ged e, 70, BB IL. EICEHOEE
BICHAET D720 504 5 LT B OFALIZ K > TERIBEER ADL ~D R8N
BIRDAREMENR B R DR D, £ 2 CRETIL, BIEBOH TR bR A &
FHEERR 2 I2E B L, ETIXB BRI b OBER 2 M5 Lz, )i, FHiis
BAZ L D2EEIRICH T 24 A A FOANEE . BIFMRE & ADL OMELE 5

b L7z,
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B8 HiE
1. XtBEE

20134F 1 A 1 BA 5 2021 45 10 A 31 B ORI, TN A BRSO THHE~
DI IAERENZ XD HEHIR O AT, Z 0 Z R—=)UIRBEE, A FUgE, &
REE/LT 4 UAREE, A F 2 RURBEE, 7 = % = )VAkS Al Z B L 72 A
KRANDANEEE 28K LIZHER, 54 4. 56 44, 6440, 554, 63 A0S
oo 7085, FHEASONAIERIL, BKILREEZE OBEGITR 4 b & ICERAZ
Wr L7z, B4 A A FBRLEHE 14 H B £ Tl O BERECFEASE (BMA) A B
WBLTeta . BRI L 2EMICHT 24 4 A ROMRIZEEZ KT LG
HTEMb AXRUF R—)b, AR e ReELT 3 AF a7
= & =)VEEG 7 BRI GG 14 A B £ TOMICMOSERE D L < 1L BMA
AP ETCIIER LI 24, 344, 44, 44, 8 ZBRE . XU X R—/LiE
524, AV RUBES3 4, B ReEA T4 URBE604, AF v a RUBESL 4, 7

= B ZIVRE S5 B NKRBRE O R L Tp o7,

2. T—HINEE

B HT O, FEls, MBI, BMI, ECOG PS. Barthel Index (BI). 7% AJE%&
HAL, FATA A A NOFEHE L OO MEDD, ‘FiBEA BT 550
e LONOA I, BisBimigin B 0 CO KRB EOG M, #4414 KN
LD AST, ALT. y-GTP. Scr. eGFR, BUN, ffH3K% % FHRAICTHA L=,

MEDD (X, NCCN # A KT A » OEEFR K SERE LT, LONDOA ET
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%\7\“5)7\“/{ ]\“Eﬁﬁé\ﬁ%‘: {J_\l:z)) %77/1/7‘ \—HEA%Z L/ﬁ_naﬁ \—/f/téo 77:—0

3. IR IREE D FFAML

FA A A NBAERTA BB 14 HH £ TO NRS 234 Lz, BisBmIE
REDNIREIC B - BTRT 2 720D B 8 ARAFZECIEARHE B T 24 RERILANIZ#RBR
U 7o B R OV IR 2 A U 7o, YRR DRI 1B B B &L o TRl S 47z, 7z,
L A% 2 —FEOE NI IRE DI B2 KIF LD T20, FA 4 A F

PAAGRI BB 14 HE ETO LA F 2 —HOMHEHEIZHOWTHIHE L7,

4. ADL OFFf

B ANT EOBRETFHROONCIER, BN, FEHAD, BRARIE L, FER
Ehickaiska b L, &4 A A NBbARTE 7 AREICE T 5 FRoBifEEE
DYERZ A Lic, BIEEBIX, BT, BT (BB TaR A ). B
Beffe, SiH B0 SIAEORFR, BALfRER, X EAND | BN, & E
R, BSZAR., SMBIA. BENTOE WY, BB - FME - S E Lz, BILAAT
BLOMBITICONTIE, A4 EA A REAABICHA T CA1 T RERE DS 1 N
L7 a2 ycs LIl Lo, BEBEA IR, S2H LAY | & B30 | B LRI A
[ZOWTIE, BAEA A REHLAE I MR E i E L N L7256 % o
LT U7, SR ER S X OMERLRER IC O W TIE, KA B A RBHAA IR E T
RERFRISEIN L 72354 2 00 &Il U7, ATIIEIR X, 7800 TR PR R ER 2

HoTBED OB, AL A FRMARERICKR OREIRKFH A ER L7256, b LS
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X TRIRED T o NT] R EDBETRN O T HE 2 dE Ll Lz, BIXLA
. AR, BERNTOBREWY, BB - SMA - SAHIZ OV T, iR H -
TEPERDTOERTERNSTZBED IS, {4 EAA FRRBZRIZFEmM TE

Tt A s LI L7,

5. HEHRO
BAEAA NG 14 AUNICECEEEFRERHAE L, AHEFLROAE
R, BT EOBETHR, RO NCERM, FHEM, AT X DT

H OB LTz, B, AV NBEED AAIXES L CHEH L,

6. FEBEOBIRLOBERIZET 2K

FHEASDOPR AT X DERIBFRIC B Z 52 2R 12 60T 572012,
SZEEO VAT v 7 BIRGHTEAT 572, &A B4 A RBELARTNZ TRt 7
H H & TIZTNRS 28 50%Lh LD LG 28 maiid 0 LiEFRL P, HIVER
- BRIV DH Y | 2T TEYRZIR e L) 0 2 BRERE LT, SAAHK
X, BB LA e FoREE, FE. M5, ECOGPS, Bl SE{74EAA KD
MEDD, #A4 A A FBAaaTD NRS, HEEHALICB T2 FTOAE, LU

DA B, FHEB IR H BT OB BRI O A HE & 30E LT,

7. EEFHMEEE & BIKFHMEEE

FEFMMEE & LT, 44 A FRHGRTIC T 58A% 7HEE 14 HET
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® NRS Zft&% 5 DOF A A NETHIE Lz, £72, RIKFHIER & LT,
KA A A RGNS RTT 5B % 3 A H & 5 B HIZHIT 5 NRS Zfb&E, 6%
NPV B L 52 HDIRT L 2 DF v Xt &4 A4 FEGARTNC R 5 Biliat 3.
5.7, 14 HRIZBIT DLV AF 2 —FAE R OZE(E, {441 FBhE 7
HEIZHE TS ADL ER, £A4 4 A Fhtat: 14 ALNOFEFERIZL 54

B A NHIEERZ 5 OOF EF A NRETHER LT,

8. WLEHERMT

HAEAA RBAEARTHE TO NRS 2L EF L OV A % o — 316 B0 21k &
DHBHZ SV TIE, Dunnett’s test Z V-, ADL tEHRB L OFEFRICLD
FEAA FRIEROHBIZONTIE, g REEZ AW, 731 X3, FE
KHE 0.05, FRHIT) 80% DG T CTRh R & 0.80 Mt~ 2 72 ITid, &#F 15 4L
ERVBE Lo, B, p<0.05 DERIZHEIFIICAR TH D & L, T

FEEHEMT 7 b BellCurve for Excel & AV M-,

9. i FE A BC

AFFET~N T R EEB IO T AN G & 5 4aE T - BERIFFRICET
DS 2 NF L, RIRR PR ZEBEE AR - H i ERR e s A %
B KRE T - A 2021-12) OF&GRE =T TEM LT, AFELHEKRT DI

bizv ., REOBHEH S EHAE L,
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B2 MR

KIRFI ORI G D 5% Table 8 (TR, SEATA A A KO MEDD 1%, A ¥
FUBECTHEILE 2T, ZNLSAOIEAIZ, 5B CTHEEN R -T2,

FHEAREIZ L 2 EIR ~ DI RI B E 52 2R 27 0 5 72912
SEER VAT 4 v 7 BRSNT 1T o 72 (Table 9), IEFERI7REEIRA T HIR T
T, X R— LD (odds ratio: 10.73; 95%CI: 3.39, 33.99; p <0.001), A
Y RO (odds ratio: 6.64; 95%CI: 2.30, 19.20; p < 0.001), L UYL (odds ratio:
0.22; 95%CI: 0.09, 0.54; p < 0.001) VRN FIZB G-I K7 & LTt s,
ZZ T, LUONDOFECTEE 200 7= LT OERIME, L A% o —HOM R,
ADL iR, AEFRIZL DA A A FHIEREZZNZEN 5 DDA A A NRE
[l CLbig L7,

FAETA FRIGRTERICI T 5. 24 B LAISREER L 72/ R D NRS OHERS &2
Figure 6, 7 \Z/" 7, &4 A4 A RBALGATO NRS % 5 BEF Tl L7 & 2 A, L
ONRH 5 BEFICEBNTH LONBR R WEFFICB W T O R RZEIT o T

(ZNFh p=0.96,099), WFHOREE ., BT 14 H B £ TNRS 2 Lz,

Table 8. Baseline patient background

Tapentadol Methadone Hydromorphone Oxycodone Fentanyl  p-value
(n=152) (n=153) (n=60) (n=151) (n=155)
Age (years), mean + SD (range) 72.8+10.6 70.5+10.4 74.1 £11.7 70.1+12.1 749+119  0.07*
(47-91) (49-87) (43-94) (43-91) (47-93)
Sex, male, n (%) 20 (38.5) 20 (37.7) 22 (36.7) 22 (43.2) 25 (45.5) 0.86°
BMI (kg/m?), mean + SD (range) 20.1+3.9 19.0+£3.0 19.2+3.5 19.5+3.2 18.8+3.5 0.492

(123-31.7)  (15.5-292)  (13.1-29.7)  (12.4-272)  (12.3-25.9)
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ECOG PS, n (%)
4
3

<1
BL n (%)
0-25
26-50
51-75
76-100
Primary cancer site, n (%)
Lung
Blood
Breast
Prostate
Colon
Pancreas
Others
Pre-treatment opioids, n (%)
Oxycodone
Fentanyl
Hydromorphone
Morphine
Tapentadol
Tramadol
Naive
MEDD of pre-treatment opioids
(mg/day), mean = SD (range)
With pathologic fracture, n (%)
With numbness, n (%)
With a history of irradiation, n (%)
Concomitant medications, n (%)
(including duplicate answers)
Acetaminophen
NSAIDs

Celecoxib

11 (21.2)
15 (28.8)
11 (21.2)
15 (28.8)

8 (15.4)
11 (21.2)
17 (32.7)
16 (30.8)

16 (30.8)
9 (17.3)
7 (13.5)
6 (11.5)
4(7.7)

4(7.7)

6 (11.5)

14 (26.9)
12 (23.1)
10 (19.2)
3(5.8)
9 (17.3)
4(7.7)

33.7+61.3

(0-390)
22 (42.3)
36 (69.2)
8 (15.4)

10 (19.2)

12 (23.1)

11 (20.8)
19 (35.8)
13 (24.5)
10 (18.9)

8 (15.1)
10 (18.9)
16 (30.2)
19 (35.8)

18 (34.0)
6 (11.3)
5(9.4)
3(5.7)
5(9.4)
2(3.8)

14 (26.4)

16 (30.2)
14 (26.4)
11 (20.8)
6 (11.3)

5(9.4)

1(1.9)

0(0.0)
95.5+69.1
(7.5-320)
20 (37.7)
37 (69.8)
13 (24.5)

12 (22.6)

8 (15.1)
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11 (18.3)
17 (28.3)
11 (18.3)
21 (35.0)

10 (16.7)
12 (20.0)
18 (30.0)
20 (33.3)

15 (25.0)
8 (13.3)
6 (10.0)
5(8.3)
4(6.7)
8 (13.3)

14 (23.3)

20 (33.3)
12 (20.0)
10 (16.7)
6 (10.0)
7(11.7)

5(8.3)
22.7+58.1
(0-390)
18 (30.0)
40 (66.7)
14 (23.3)

13 (21.7)

8 (13.3)

6 (11.8)
17 (33.3)
9 (17.6)
19 (37.3)

6 (11.8)
9 (17.6)
17 (33.3)
19 (37.3)

14 (27.5)
8 (15.7)
7 (13.7)
4(7.8)
5(9.8)
3(5.9)

10 (19.6)

14 (27.5)
8 (15.7)
9 (17.6)
3(5.9)

9 (17.6)
8 (15.7)
32.7+57.6
(0-360)
21 (41.2)
35 (68.6)
10 (19.6)

13 (25.5)

9 (17.6)

16 (29.1)  0.31°
22 (40.0)
10 (18.2)
7(12.7)

9(164)  0.98
6 (10.9)
22 (40.0)
18 (32.7)

16(29.1)  N.A.
6 (10.9)
8 (14.5)
4(7.3)
4(1.3)
4(7.3)
13 (23.6)

25(45.5) NA.
6 (10.9)
6 (10.9)
4(7.3)
8 (14.5)
6 (10.9)
28.6+33.7 <0.001°
(0-380)
19 (34.5)  0.66
33(60.0)  0.81
13(23.6)  0.77

12(21.8) 096

13(23.6)  0.53°



Loxoprofen 5(9.6) 10 (18.9) 8 (13.3) 7 (13.7) 7(12.7) 0.74°
Naproxen 4(7.7) 3(5.7) 4 (6.7) 3(5.9) 2 (3.6) 0.93°
Others 2(3.8) 3.7 1(1.7) 1(2.0) 50.1) 0.30°
None 30 (57.7) 31 (58.5) 39 (65.0) 34 (66.7) 29 (52.7) 0.57°
Adjuvant analgesics
Corticosteroids 14 (26.9) 21 (39.6) 21(35.0) 15(29.4) 21 (38.2) 0.58°
Gabapentinoids 8(15.4) 8 (15.1) 9 (15.0) 12 (23.5) 10 (18.2) 0.75°
SNRI 5(9.6) 4(7.5) 1(1.7) 1(2.0) 6(10.9) 0.14°
Others 2 (3.8) 4(7.5) 1(1.7) 2(3.9) 0(0.0) 0.24°
None 25 (48.1) 21 (39.6) 32 (53.5) 27 (52.9) 26 (47.3) 0.61°
BMAs
Zoledronic acid 4(7.7) 50.4) 5(8.3) 6 (11.8) 4(7.3) 0.93°
Denosumab 2 (3.8) 1(1.9) 1(1.7) 0(0.0) 2 (3.6) 0.66°
None 46 (88.5) 47 (88.7) 54 (90.0) 45 (88.2) 49 (89.1) 0.99°
Laboratory values at the start of
each opioid therapy, median (IQR)
AST (U/L) 25.5 22.0 21.0 31.0 25.0 0.13¢
(8.0-160.0)  (10.0-125.0)  (7.0-175.0)  (10.0-150.0)  (9.0-163.0)
ALT (U/L) 14.0 15.0 15.0 16.0 15.5 0.73¢
(5.0-63.0) (6.0-65.0) (5.0-49.0) (5.0-98.0) (5.0-97.0)
v-GTP (U/L) 39.0 51.0 49.5 435 62.0 0.67¢
(10.0-934.0)  (7.0-768.0)  (7.0-1041.0) (11.0-931.0) (12.0-1144.0)
Scr (mg/dL) 0.67 0.58 0.80 0.69 0.67 0.23¢
(0.30-1.43) (0.20-2.12) (0.39-2.08) (0.38-1.75) (0.18-2.26)
eGFR (mL/min) 71.8 78.0 64.1 70.4 70.5 0.55¢
(35.9-169.4) (21.5-138.8)  (19.4-133.1)  (30.0-148.1)  (16.5-239.7)
BUN (mg/dL) 16.2 14.4 17.3 14.5 17.7 0.32¢
(5.4-50.6) (5.4-47.9) (5.3-65.9) (5.9-51.6) (4.8-60.6)

aSingle-factor ANOVA; Pchi-square for independence test; “Kruskal-Wallis test. Abbreviations: SD, standard deviation; BMI,
body mass index; ECOG PS, Eastern Cooperative Oncology Group Performance Status; BI, Barthel Index; N.A., not available;
MEDD, morphine-equivalent daily dose; NSAIDs, nonsteroidal anti-inflammatory drugs; SNRI, serotonin-norepinephrine
reuptake inhibitor; BMAs, bone modifying agents; IQR, interquartile range; AST, aspartate transaminase; ALT, alanine
transaminase; y-GTP, y-glutamyl transpeptidase; Scr, serum creatinine; eGFR, estimated glomerular filtration rate; BUN, blood

urea nitrogen.
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Figure 6. Change in the mean NRS scores on pain in patients with numbness
The NRS scores were investigated at baseline and after administering each opioid (on

days 0, 1, 2, 3, 5, 7, and 14) in patients with numbness.
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Figure 7. Change in the mean NRS scores on pain in patients without numbness
The NRS scores were investigated at baseline and after administering each opioid (on

days 0, 1, 2, 3, 5, 7, and 14) in patients without numbness.
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Table 9. A multivariate logistic regression analysis of factors affecting the

effectiveness of treatment for pain resulting from spinal metastases

Variables Odds ratio 95% CI p-value
Age 0.98 0.95-1.02 0.36
Sex 0.58 0.25-1.34 0.20
ECOG PS 0.81 0.55-1.21 0.31
BI 0.86 0.55-1.36 0.53
Use of tapentadol 10.73 3.39-33.99 <0.001
Use of methadone 6.64 2.30-19.20 <0.001
Use of hydromorphone 1.09 0.36-3.29 0.88
Use of oxycodone 1.16 0.32-4.15 0.82
Use of fentanyl 0.61 0.18-2.09 0.43
MEDD of pre-treatment opioids 0.99 0.98-1.01 0.47
NRS score at baseline 1.07 0.89-1.30 0.46
With pathologic fracture 0.42 0.17-1.03 0.06
With numbness 0.22 0.09-0.54 <0.001
With a history of radiotherapy 0.55 0.19-1.58 0.26

Abbreviations: CI, confidence interval; ECOG PS, Eastern Cooperative Oncology Group Performance

Status; BI, Barthel Index; MEDD, morphine-equivalent daily dose; NRS, numerical rating scale.
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Table 10. Decreases of the NRS scores compared to before starting each opioid

Day 1 Day 2 Day 3 Day 5 Day 7 Day 14
Patients with numbness
Tapentadol (n = 36), mean + SD 239+2.19 322+235 4.61+237 5.04+250 557+2.87 5.70+2.98
Methadone (n = 37), mean + SD 1.87+1.66 2.61+137 4.04+229 448+2.56 491+2.66 5.22+2.70
Hydromorphone (n = 40), mean + SD 0.82+140 1.14+139 132+1.73 136+1.73 145157 1.59+£1.50
Oxycodone (n = 35), mean + SD 1.05+£1.64 1.10£186 1.25+180 125+£1.77 125+1.62 125+1.71
Fentanyl (n = 33), mean + SD 0.75+1.26 0.83+120 0.88+145 1.08+1.67 1.17+1.61 1.29+1.85
p-value (tapentadol vs. methadone) 0.67 0.55 0.73 0.77 0.70 0.88
p-value (tapentadol vs. hydromorphone) < 0.001 <0.001 <0.001 <0.001 <0.001 <0.001
p-value (tapentadol vs. oxycodone) <0.001 <0.001 <0.001 <0.001 <0.001 <0.001
p-value (tapentadol vs. fentanyl) <0.001 <0.001 <0.001 <0.001 <0.001 <0.001
p-value (methadone vs. hydromorphone) 0.22 0.033 <0.001 <0.001 <0.001 <0.001
p-value (methadone vs. oxycodone) 0.49 0.033 <0.001 <0.001 <0.001 <0.001
p-value (methadone vs. fentanyl) 0.15 0.004 <0.001 <0.001 <0.001 <0.001
Patients without numbness
Tapentadol (n = 16), mean + SD 191+221 3.64+2.16 455+288 482+2.64 491+259 491+251
Methadone (n = 16), mean + SD 208+2.57 2.75+242 383+255 392+247 433+2.67 5.17+3.35
Hydromorphone (n = 20), mean + SD 136 £1.96 2.45+£216 3.64+£1.69 3.64+1.69 4.09+£230 4.09+2.70
Oxycodone (n = 16), mean + SD 1.50+£2.14 2.63+2.50 3.88+3.60 3.88+3.60 4.13+348 4.13+3.44
Fentanyl (n = 22), mean + SD 093+144 236+134 243+224 3.00+£2.08 3.64+1.50 3.79+2.26
p-value (tapentadol vs. methadone) 0.99 0.70 0.91 0.80 0.95 0.99
p-value (tapentadol vs. hydromorphone) 0.93 0.49 0.82 0.63 0.85 0.90
p-value (tapentadol vs. oxycodone) 0.98 0.69 0.95 0.83 0.90 0.94
p-value (tapentadol vs. fentanyl) 0.59 0.37 0.14 0.22 0.52 0.72
p-value (methadone vs. hydromorphone) 0.92 0.99 0.99 0.99 0.99 0.89
p-value (methadone vs. oxycodone) 0.97 0.99 0.99 0.99 0.99 0.93
p-value (methadone vs. fentanyl) 0.62 0.99 0.64 0.88 0.95 0.73

Dunnett's test. Abbreviations: SD, standard deviation; vs., versus.
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Figure 8. Change in the mean number of opioid rescue doses use in patients with
numbness

The usage counts of rescue doses were investigated at baseline and after administering
each opioid (on days 0, 1, 2, 3, 5, 7, and 14) in patients with numbness. When multiple

types of rescue doses were used, the total usage counts were determined.
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Figure 9. Change in the mean number of opioid rescue doses use in patients without
numbness

The usage counts of rescue doses were investigated at baseline and after administering
each opioid (on days 0, 1, 2, 3, 5, 7, and 14) in patients without numbness. When multiple

types of rescue doses were used, the total usage counts were determined.
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Table 11. Decreases of the usage counts of opioid rescue doses compared to before

starting each opioid

Day 1 Day 2 Day 3 Day 5 Day 7 Day 14
Patients with numbness
Tapentadol (n = 36), mean + SD 142+124 158+124 1.67+089 1.67+1.30 192+1.16 2.08+1.00
Methadone (n = 37), mean + SD 0.61+1.12 126+142 130+146 157+1.73 1.83+1.59 2.04+1.52
Hydromorphone (n = 40), mean + SD 0.39+0.70 0.67+0.77 0.72+0.96 0.83+0.99 0.89+132 1.00+1.24
Oxycodone (n = 35), mean + SD 0.18+0.40 0.27+047 0.82+098 0.82+098 0.82+1.25 091+1.22
Fentanyl (n = 33), mean + SD 031+0.70 0.38+0.62 0.69+125 0.75+1.24 0.81+1.33 0.94+1.39
p-value (tapentadol vs. methadone) 0.047 0.77 0.78 0.99 0.99 0.99
p-value (tapentadol vs. hydromorphone) 0.011 0.047 0.10 0.26 0.14 0.10
p-value (tapentadol vs. oxycodone) 0.006 0.011 0.24 0.34 0.17 0.11
p-value (tapentadol vs. fentanyl) 0.007 0.010 0.10 0.21 0.12 0.08
p-value (methadone vs. hydromorphone) 0.94 0.36 0.52 0.41 0.20 0.10
p-value (methadone vs. oxycodone) 0.70 0.77 0.79 0.55 0.28 0.15
p-value (methadone vs. fentanyl) 0.85 0.72 0.50 0.34 0.17 0.09
Patients without numbness
Tapentadol (n = 16), mean + SD 025+0.50 125+1.89 2.00+1.83 225+1.50 225+£150 2.25+1.50
Methadone (n = 16), mean + SD 0.56+0.73 1.22+148 156+194 1.67+1.50 1.89+1.69 2.33+2.29
Hydromorphone (n = 20), mean + SD 1.00£1.53 1.57+140 1.71+1.60 1.86+1.46 2.00+1.41 2.00+1.41
Oxycodone (n = 16), mean + SD 0.88+1.13 1.50+093 150+093 1.75+0.89 1.75+1.04 1.88+0.64
Fentanyl (n = 22), mean + SD 1.00£0.71 1.40+0.89 2.00+0.71 220+0.84 220+0.84 2.20+0.45
p-value (tapentadol vs. methadone) 0.95 0.99 0.95 0.83 0.97 0.99
p-value (tapentadol vs. hydromorphone) 0.55 0.98 0.99 0.95 0.99 0.99
p-value (tapentadol vs. oxycodone) 0.67 0.99 0.94 0.89 0.91 0.98
p-value (tapentadol vs. fentanyl) 0.61 0.99 0.99 0.99 0.99 0.99
p-value (methadone vs. hydromorphone) 0.91 0.98 0.99 0.99 0.99 0.99
p-value (methadone vs. oxycodone) 0.97 0.99 0.99 0.99 0.99 0.97
p-value (methadone vs. fentanyl) 0.94 0.99 0.98 0.94 0.99 0.99

Dunnett's test. Abbreviations: SD, standard deviation; vs., versus.
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Table 12. Improvement rates for each movement within 7 days after starting each

opioid
Tapentadol, Methadone, Hydromorphone, Oxycodone, Fentanyl, p-value
n (%) n (%) n (%) n (%) n (%)

Patients with numbness
Walking without support 20/22 (90.9) 17/19 (89.5) 7/25 (28.0) 522 (22.7) 4/15(26.7)  <0.001
Walking with support 15/18 (83.3) 11/14 (78.6) 5/25 (20.0) 3/18 (16.7) 3/20 (15.0) < 0.001
Stair climbing 17/21 (81.0) 14/20 (70.0) 5/20 (25.0) 3/21 (14.3) 4/17 (23.5) <0.001
Standing up 27/32 (84.4) 17/22 (77.3) 7/28 (25.0) 4/22 (18.2) 7/28 (25.0) < 0.001
Maintaining steady upright ~ 24/27 (88.9) 13/17 (76.5) 6/27(22.2) 4/22 (18.2) 7/27(25.9) <0.001
standing
Maintaining sitting without  21/24 (87.5) 17/22 (77.3) 9/22 (40.9) 7/20 (35.0) 7/18 (38.9) <0.001
support
Rising from a bed 24/29 (82.8) 19/26 (73.1) 9/29 (31.0) 7/23 (30.4) 7/22 (31.8) < 0.001
Repositioning without 21/22 (95.5) 17/19 (89.5) 4/22 (18.2) 4/22 (18.2) 4/21 (19.0) <0.001
support
Sleeping well at night 30/31 (96.8) 32/34 (94.1) 11/28 (39.3) 11/32 (34.4) 8/26 (30.8) < 0.001
Taking a bath without 22/24 (91.7) 19/20 (95.0) 14/26 (53.8) 13/25 (52.0) 12/23 (52.2) <0.001
support
Taking a bath with support  11/13 (84.6) 14/17 (82.4) 7/18 (38.9) 5/15(33.3) 8/21 (38.1) 0.002
Shopping in the hospital 27/32 (84.4) 25/32 (78.1) 12/35 (34.3) 8/33 (24.2) 11/32 (34.4) <0.001
setting
Discharging from the 22/27 (81.5) 19/27 (70.4) 13/33 (39.4) 9/30 (30.0) 12/32 (37.5) <0.001
hospital or going out for
several hours
Patients without numbness
Walking without support 8/9 (88.9) 8/9 (88.9) 9/13 (69.2) 7/13 (53.8) 9/14 (64.3) 0.29
Walking with support 10/10 (100.0) 8/9 (88.9) 7/12 (58.3) 6/11 (54.5) 7/11 (63.6) 0.08
Stair climbing 7/8 (87.5) 7/9 (77.8) 5/12 (41.7) 4/10 (40.0) 7/14 (50.0) 0.13
Standing up 11/12 (91.7) 12/13 (92.3) 11/15 (73.3) 9/14 (64.3) 14/19 (73.7) 0.31
Maintaining steady upright  11/11 (100.0) 12/13 (92.3) 11/16 (68.8) 10/15 (66.7) 12/17 (70.6) 0.13
standing
Maintaining sitting without 12/12 (100.0) 8/9 (88.9) 11/14 (78.6) 8/11 (72.7) 13/17 (76.5) 0.39
support
Rising from a bed 13/14 (92.9) 14/16 (87.5) 11/16 (68.8) 8/12 (66.7) 8/13 (61.5) 0.21
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Repositioning without

support

Sleeping well at night
Taking a bath without

support

Taking a bath with support
Shopping in the hospital

setting

Discharging from the

hospital or going out for

several hours

11/11 (100.0)

13/13 (100.0)
11/11 (100.0)

8/8 (100.0)
14/14 (100.0)

9/10 (90.0)

10/10 (100.0)

14/14 (100.0)
9/10 (90.0)

9/9 (100.0)
15/16 (93.8)

8/10 (80.0)

11/15 (73.3)

15/18 (83.3)
8/11 (72.7)

8/12 (66.7)
11/15 (73.3)

7/11 (63.6)

8/12 (66.7)

12/15 (80.0)
8/13 (61.5)

6/9 (66.7)
10/14 (71.4)

6/10 (60.0)

11/15 (73.3)

14/17 (82.4)
10/15 (66.7)

9/13 (69.2)
15/20 (75.0)

8/14 (57.1)

0.10

0.23
0.14

0.13
0.13

0.40

Chi-square for independence test.
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Supplemental Table 1. Dose of opioids and morphine-equivalent daily dose of

opioids
Day 7 Day 14

Dose of MEDD of Dose of MEDD of

opioids opioids opioids opioids
Patients with numbness
Tapentadol (n = 36), mean + SD 95.8+66.9  28.8+20.1 1083+68.1 32.5+204
Methadone (n = 37), mean + SD 193+10.5 - 22.1+153 -
Hydromorphone (n = 40), mean + SD 6.00£6.60 30.0£33.0 8.00£826 40.0+41.3
Oxycodone (n = 35), mean + SD 2124221 31.8+332 249+250 373+£375
Fentanyl (n = 33), mean + SD 1.10£0.65 33.1£19.5 1.45+093 43.6+27.9
p-value (tapentadol vs. hydromorphone) - 0.99 - 0.64
p-value (tapentadol vs. oxycodone) - 0.94 - 0.88
p-value (tapentadol vs. fentanyl) - 0.85 - 0.37
Patients without numbness
Tapentadol (n = 36), mean + SD 82.8+£522 248+£157 953+£579 28.6+174
Methadone (n = 37), mean + SD 16.4+7.6 - 18.1+10.2 -
Hydromorphone (n = 40), mean + SD 448+380 224+19.0 480+396 24.0+19.8
Oxycodone (n = 35), mean + SD 15.7+15.1 23.6 £22.7 17.3£16.5 26.0+24.8
Fentanyl (n = 33), mean + SD 0.80+0.37 24.0+11.1 094+041 28.1+124
p-value (tapentadol vs. hydromorphone) - 0.95 - 0.80
p-value (tapentadol vs. oxycodone) - 0.99 - 0.96
p-value (tapentadol vs. fentanyl) - 0.99 - 0.99

Dunnett's test. Abbreviations: MEDD, morphine-equivalent daily dose; SD, standard deviation; vs., versus.
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Supplemental Table 2. The morphine-equivalent daily dose of opioid rescue doses

Day 0 Day 3 Day 5 Day 7 Day 14
Patients with numbness
Tapentadol (n = 36), mean + SD 21.1+123 9.2+109 79+84 7.1+11.3 48+92
Methadone (n = 37), mean + SD 30.5+£39.0 21.2+36.7 19.8+393 125+262 10.0+258
Hydromorphone (n = 40), mean + SD 21.0+26.5 16.0+179 159+18.1 15.6+129 147+153
Oxycodone (n = 35), mean + SD 222+169 165+13.7 165+153 16.0+18.8 154+17.8
Fentanyl (n = 33), mean + SD 220+173 169+148 16.0+154 152+18.0 13.8+16.8
p-value (tapentadol vs. methadone) 0.36 0.39 0.45 0.83 0.84
p-value (tapentadol vs. hydromorphone) 0.87 0.83 0.78 0.56 0.41
p-value (tapentadol vs. oxycodone) 0.87 0.85 0.80 0.52 0.45
p-value (tapentadol vs. fentanyl) 0.84 0.78 0.79 0.61 0.52
p-value (methadone vs. hydromorphone) 0.91 0.96 0.99 0.99 0.94
p-value (methadone vs. oxycodone) 0.97 0.98 0.99 0.97 0.94
p-value (methadone vs. fentanyl) 0.95 0.98 0.99 0.99 0.97
Patients without numbness
Tapentadol (n = 36), mean + SD 17.5+15.7 5.0+10.0 5.0+£10.0 5.0+10.0 25+£5.0
Methadone (n = 37), mean + SD 25.6+28.7 11.8+17.1 103=+12.8 6.4+ 8.8 3.6+6.6
Hydromorphone (n = 40), mean + SD 17.5+7.2 7.5+10.1 6.1+8.6 4.6+8.7 3.6+63
Oxycodone (n = 35), mean + SD 17.8£21.8 7.0+15.6 6.6+ 158 52+104 33+5.5
Fentanyl (n = 33), mean £+ SD 17.0+54 7.5+75 7.5+7.5 53+73 3.8+£6.5
p-value (tapentadol vs. methadone) 0.71 0.78 0.84 0.99 0.99
p-value (tapentadol vs. hydromorphone) 0.99 0.99 0.99 0.99 0.99
p-value (tapentadol vs. oxycodone) 0.99 0.99 0.99 0.99 0.99
p-value (tapentadol vs. fentanyl) 0.99 0.99 0.99 0.99 0.99
p-value (methadone vs. hydromorphone) 0.70 0.97 0.96 0.99 0.99
p-value (methadone vs. oxycodone) 0.69 0.95 0.97 0.99 0.99
p-value (methadone vs. fentanyl) 0.80 0.98 0.99 0.99 0.99

Dunnett's test. Abbreviations: SD, standard deviation; vs., versus.
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% Table 13 |Z/:7,

ZDOobH, AA, AG, GG F vV

TIEZENZENRL 4., 744, 614 THY, GT LIVHEIZ 047 TH-oT-,

Table 13. Baseline patient background

(n=1222)
Age (years), mean =+ SD (range) 75.6 £12.4 (35-97)
Sex, male, n (%) 89 (40.1)

BMI (kg/m?), mean + SD (range)
ECOG PS, n (%)
4
3
2
<l
Primary cancer site, n (%)
Colon
Lung
Breast
Liver
Blood
Stomach
Prostate
Pancreas
Ovary
Esophagus
Others

Type of pain, n (%) (including duplicate answers)

Nociceptive pain

Neuropathic pain
Pre-treatment opioids, n (%)

Oxycodone

Hydromorphone

69

19.6 + 3.8 (12.0-30.1)

64 (28.8)
59 (26.6)
44 (19.8)
55 (24.8)

37 (16.7)
35 (15.8)
33 (14.9)
22 (9.9)
22 (9.9)
16 (7.2)
16 (7.2)
11 (5.0)
6(2.7)
5(2.3)
19 (8.6)

172 (77.5)
90 (40.5)

36 (16.2)
32 (14.4)



Tramadol 27 (12.2)

Fentanyl 17 (7.7)
Morphine 17 (7.7)
Tapentadol 10 (4.5)
Naive 83 (37.4)
MEDD of pre-treatment opioids (mg/day), mean + SD (range) 30.4 £39.6 (0-180)
Concomitant medications, n (%) (including duplicate answers)
Acetaminophen 73 (32.9)
NSAIDs 62 (27.9)
Adjuvant analgesics 97 (43.7)
Laboratory values at the start of each opioid therapy, median (IQR)
AST (U/L) 24.5 (7.0-113.0)
ALT (U/L) 14.0 (5.0-94.0)
v-GTP (U/L) 38.0 (3.0419.0)
Scr (mg/dL) 0.69 (0.33-1.95)
eGFR (mL/min) 67.8 (22.2-191.2)
BUN (mg/dL) 16.9 (5.9-68.7)

Abbreviations: SD, standard deviation; BMI, body mass index; ECOG PS, Eastern Cooperative
Oncology Group Performance Status; MEDD, morphine-equivalent daily dose; NSAIDs,
nonsteroidal anti-inflammatory drugs; IQR, interquartile range; AST, aspartate transaminase;
ALT, alanine transaminase; y-GTP, y-glutamyl transpeptidase; Scr, serum creatinine; eGFR,

estimated glomerular filtration rate; BUN, blood urea nitrogen.

W, HA A A FBEIARTRICR T 5. 2 24 BeISRER L 72 S o5& R i
FEDOHERS % Figure 10 1281, K54 A4 NEARTOMWE 24 FRRREHRRER L 72
BIDEIFHRE L AA, AG, GG ¥ VT THLIZEZA, BTOFEAA R
THBEZIIR -T2 (XX F F—/L,p=099; A% F,p=089; & RuE/L
Tx2,p=098; XA R, p=098; 7= H =), p=0.96), ETDHOAEA

A RIZHoOWT, AA, AG. GG X+ U 7\ HicBW T BPI-SF 2 22 7 3 i

70



(A) Tapentadol (B) Methadone
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Figure 10. Change in the average BPI-SF scores

The average pain intensities were investigated at baseline and after administering each opioid (on days 0, 1, 2, 3, 5, 7, and 14) using the

BPI-SF in patients treated with (A) tapentadol, (B) methadone, (C) hydromorphone, (D) oxycodone, or (E) fentanyl.
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IZHERTAGF ¥ U T (222%) & GG Fv V7T (12.5%) THEIZIK) -7 (p=
0.010), 7 = Z = NEREETHRERIZ, AA v U T (64.3%) (2T AG
¥ UT 23.1%) & GG X+ U T (22.7%) THEIZIE»>7= (p<0.001),

BRI R EIZDOWT, {444 FBG%R 7 AR L 14 HHD PGIC 227 %
AA. AG, GG X v U THTHIE LIz Z A, XU R—)b, A% R a2
L7ZBE TR I BB TAEEREN o=’ B REELT 30 A% a R,
T A= VEEHLTEEETIEIAG, GCGHF Y UT DB AA XY I T XD G
PGIC 2 a7 REREICKE . TR EE MR- T,

BAEFA FBIGTR 7 HUWNIZE T S, BPI-SF 2 27 D 50%LL LD
BERFTRFZRALICT DO, ZEERTVAT 4 v 7 BRI EIT -
72 (Supplemental Table 3 ), IETERZRERRN TRE O T, EEOIEHE
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73



Table 14. Decrease in the pain scores compared with the pain scores before the initiation of each opioid therapy

p-value
Tapentadol
Decrease in pain score from baseline ~ Average pain Least pain Average pain Least pain Average pain Least pain  Average pain Least pain
On day 3, mean = SD 3.80+1.14 2.78 £1.30 3.63+1.19 2.71 £1.50 3.57+1.13 2.67+1.51 0.91 0.99
On day 5, mean = SD 430+ 1.16 3.00+1.73 3.75+1.39 2.86 £1.57 3.71+1.11 2.67+1.21 0.54 0.92
On day 7, mean = SD 440+ 1.17 3.00+1.73 4.29+1.80 2.86 £1.57 4.00+1.15 2.83+1.33 0.84 0.97
On day 14, mean + SD 444 +1.33 3.11+1.54 433 +£1.75 3.00+1.79 429+243 3.00+1.26 0.98 0.99
PGIC score
On day 7, mean = SD 1.70 £ 1.06 1.71 £0.76 1.71 £0.95
On day 14, mean + SD 1.56 £1.01 1.67 £0.82 1.43 +£0.79
Methadone
Decrease in pain score from baseline ~ Average pain Least pain Average pain Least pain Average pain Least pain  Average pain Least pain
On day 3, mean = SD 4.25+1.28 2.88 £1.55 3.88 +1.73 2.86 +£1.95 3.63+2.07 2.50 £2.27 0.77 0.91
On day 5, mean = SD 4.50 £ 1.41 3.00+1.41 438 +1.85 3.00+1.73 425+£2.25 2.88 +£2.47 0.96 0.99
On day 7, mean = SD 4.75+1.75 3.13+1.64 4.63 £1.60 3.00+1.73 4.50 +2.39 2.88 +£2.47 0.97 0.97
On day 14, mean + SD 5.13+1.89 3.13+1.89 5.00 £ 1.53 3.00+£2.00 4.88+2.23 2.88 £2.47 0.97 0.97
PGIC score
On day 7, mean = SD 1.50 +0.53 1.50+£0.76 1.50+£0.76
On day 14, mean + SD 1.38 £0.74 1.43 +£0.79 1.38 £0.52
Hydromorphone
Decrease in pain score from baseline  Average pain Least pain Average pain Least pain Average pain Least pain  Average pain Least pain
On day 3, mean + SD 3.13+1.60 2.29+1.10 0.74 £0.93 0.65 +£0.86 0.68 £0.95 0.35+0.61 <0.001 <0.001
On day 5, mean + SD 3.60+1.50 2.56 £1.25 1.28 £1.07 1.13+£1.02 1.11+1.33 1.00 £ 0.87 <0.001 <0.001
On day 7, mean + SD 3.86 +1.74 2.58 £1.12 1.56 £ 1.62 1.50 £1.55 1.53 +£1.35 1.29+1.05 <0.001 0.007
On day 14, mean + SD 420+ 1.61 2.61+1.14 1.63 £1.61 1.71 £ 1.49 1.59+1.42 1.33+£1.29 <0.001 0.021
PGIC score
On day 7, mean = SD 1.71 £0.90 3.06 +0.87 3.32+1.00 <0.001
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On day 14, mean + SD

1.70 £ 0.92

3.05+0.85

3.18+1.01

<0.001

Oxycodone

Decrease in pain score from baseline ~ Average pain Least pain Average pain Least pain Average pain Least pain ~ Average pain Least pain
On day 3, mean + SD 311+ 145 238+ 1.41 0.75+1.04 0.25+0.71 0.50+£0.55 0.20+0.45 <0.001 <0.001
On day 5, mean + SD 3.57+1.81 2.67+1.37 1.50 £2.38 0.75+0.96 1.00 £0.89 0.60 +£0.55 0.040 0.012
On day 7, mean + SD 4.00 £ 1.55 3.00£1.22 1.80 £2.68 1.00 +1.22 1.14+£1.07 0.83+0.75 0.031 0.010
On day 14, mean + SD 4.40+0.89 3.00+1.41 2.00+£2.55 1.00 +1.22 1.57+1.51 0.83+0.41 0.039 0.015
PGIC score
On day 7, mean + SD 1.83+0.98 3.40+0.55 3.57+0.53 0.001
On day 14, mean + SD 1.60 +0.89 3.40+£0.89 3.57+0.53 0.001
Fentanyl
Decrease in pain score from baseline ~ Average pain Least pain Average pain Least pain Average pain Least pain ~ Average pain Least pain
On day 3, mean + SD 1.96 +1.19 1.55+1.18 0.85+0.73 0.52+0.60 0.42+0.69 0.15+0.38 <0.001 <0.001
On day 5, mean + SD 244 +1.50 1.71 £1.31 1.30+0.86 0.81+0.66 0.84+0.90 0.46 +£0.52 <0.001 0.002
On day 7, mean + SD 3.06 +£1.65 2.07+1.03 1.70 £ 1.08 1.00 +0.52 1.19+1.22 0.73 £0.65 <0.001 <0.001
On day 14, mean + SD 3.69 +£1.55 2.33+£1.15 2.11+£1.18 1.38+0.72 1.73£1.62 1.25+1.28 0.003 0.029
PGIC score
On day 7, mean + SD 1.94+1.12 290+ 1.12 3.06 +1.00 0.009
On day 14, mean + SD 1.77+0.93 2.89+0.90 291+1.14 0.005

Single-factor ANOVA. Abbreviations: SD, standard deviation; PGIC, Patient Global Impression of Change.
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Figure 11. Change in the mean number of opioid rescue doses use
The usage counts of rescue doses were investigated at baseline and after administering each opioid (on days 0, 1, 2, 3, 5, 7, and 14) in
patients treated with (A) tapentadol, (B) methadone, (C) hydromorphone, (D) oxycodone, or (E) fentanyl. When multiple types of rescue

doses were used, the total usage counts were determined.
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Table 15. Decreases in the usage counts of opioid rescue doses compared with the

usage counts before the initiation of each opioid therapy

AA AG GG p-value
Tapentadol
On day 3, mean = SD 0.80 £ 1.30 0.86 £1.21 0.83+£1.17 0.99
On day 5, mean £+ SD 0.80 £ 1.30 1.00 + 1.41 0.83+£1.17 0.96
On day 7, mean £+ SD 1.00+1.73 1.17 £ 1.47 1.00 + 1.55 0.98
On day 14, mean + SD 1.50 £2.38 1.40 £ 2.07 1.50 £ 1.64 0.99
Methadone
On day 3, mean £+ SD 1.13+0.83 1.25+1.28 0.88 £ 0.64 0.73
On day 5, mean = SD 1.38+1.19 1.38 +1.30 1.13+0.64 0.87
On day 7, mean = SD 1.50 £ 1.69 1.63 £ 1.60 1.50 £ 0.76 0.98
On day 14, mean + SD 1.75+1.75 1.86 +£1.57 1.75+0.46 0.99
Hydromorphone
On day 3, mean + SD 1.00 £ 1.00 0.50 +£1.03 0.38 +£1.31 0.28
On day 5, mean + SD 1.25+0.97 0.73 £0.88 0.63 £0.96 0.20
On day 7, mean + SD 1.42+1.38 0.80 +1.37 0.63 £ 0.89 0.23
On day 14, mean + SD 1.50 £ 1.62 0.80 +1.37 0.69 £0.75 0.25
Oxycodone
On day 3, mean + SD 0.67 £0.87 0.29 £ 0.49 0.29 £ 0.49 0.42
On day 5, mean + SD 0.88 £0.99 0.40 +£0.55 0.29 £0.76 0.37
On day 7, mean £+ SD 1.00 £ 1.00 0.50 £0.84 0.43£0.79 0.44
On day 14, mean = SD 1.20+1.10 0.50 £0.84 0.43£0.79 0.32
Fentanyl
On day 3, mean £+ SD 0.60 £ 0.83 0.20 £ 0.42 0.18 £0.40 0.17
On day 5, mean £+ SD 0.82 £1.08 0.29 £ 0.49 0.27+£0.79 0.28
On day 7, mean £+ SD 0.90 £1.10 0.43 £0.53 0.33+£0.71 0.32
On day 14, mean = SD 1.00 + 1.53 0.50 £ 0.55 0.50+1.00 0.68

Single-factor analysis of variance. Abbreviations: SD, standard deviation.
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Table 16. Incidence of adverse events within 14 days after the initiation of each

opioid therapy
AA AG GG p-value
Tapentadol
Incidence of AEs, n (%) 3 (30.0) 4 (44.4) 3(33.3) 0.792
Daytime sleepiness 2 (20.0) 2(22.2) 2(22.2)
Nausea-vomiting 1(10.0) 2(22.2) 1(11.1)
Discontinuation due to AEs, n (%) 0(0.0) 2(22.2) 1(11.1) 0.292

Maximum PRO-CTCAE frequency score, mean+SD 0.60+0.97 0.78+0.97 0.67+1.00 0.92%
Maximum PRO-CTCAE severity score, mean+SD  0.70 +1.16  0.89+1.17 0.78+1.20  0.94°

Time to onset of AEs (days), mean + SD 467+058 425+150 433+252 095°
Methadone
Incidence of AEs, n (%) 4(44.4) 5(62.5) 4(50.0) 0.752
Daytime sleepiness 3(33.3) 3(37.5) 3 (37.5)
Nausea-vomiting 1(11.1) 2 (25.0) 1 (12.5)
Discontinuation due to AEs, n (%) 0 (0.0) 1(12.5) 0(0.0) 0.332

Maximum PRO-CTCAE frequency score, mean+SD 1.22+1.56 1.25+1.16 1.13+1.36 0.98°
Maximum PRO-CTCAE severity score, mean+ SD  1.22+148  1.13£1.13 1.13+£1.25 0.98"

Time to onset of AEs (days), mean + SD 425+096 420+1.10 4.00+0.82 0.93°
Hydromorphone
Incidence of AEs, n (%) 20 (80.0) 8(36.4) 7 (35.0) 0.002*
Daytime sleepiness 9 (36.0) 4(18.2) 3 (15.0)
Nausea-vomiting 7 (28.0) 2.1 2 (10.0)
Constipation 4 (16.0) 2(9.1) 2 (10.0)
Discontinuation due to AEs, n (%) 8(32.0) 0(0.0) 1(5.0) 0.002?

Maximum PRO-CTCAE frequency score, mean+SD 1.76 +1.09 0.55+0.86 0.50+0.83 <0.001®
Maximum PRO-CTCAE severity score, mean+SD 228 +1.31  0.73+1.03  0.65+0.99 <0.001°

Time to onset of AEs (days), mean + SD 385+£2.60 6.13+£1.55 643+1.99 0.015°
Oxycodone

Incidence of AEs, n (%) 8(88.9) 3(33.3) 2 (25.0) 0.015*
Daytime sleepiness 3(33.3) 1(11.1) 1(12.5)
Constipation 2(22.2) 1(11.1) 1(12.5)
Nausea-vomiting 2(22.2) 1 (11.1) 0(0.0)
Over-sedation 1(11.1) 0(0.0) 0(0.0)

Discontinuation due to AEs, n (%) 4(44.4) 0(0.0) 0(0.0) 0.0122
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Maximum PRO-CTCAE frequency score, mean+SD 2.56 + 1.13
Maximum PRO-CTCAE severity score, mean+ SD  2.67 £ 1.32

Time to onset of AEs (days), mean + SD 3.50+0.53
Fentanyl

Incidence of AEs, n (%) 20 (71.4)
Daytime sleepiness 10 (35.7)
Nausea-vomiting 6(21.4)
Constipation 2(7.1)
Pruritus 2(7.1)

Discontinuation due to AEs, n (%) 12 (42.9)

Maximum PRO-CTCAE frequency score, mean+ SD 1.86 &+ 1.35
Maximum PRO-CTCAE severity score, mean+ SD  2.07 = 1.54
Time to onset of AEs (days), mean + SD 3.85+2.72

0.56 = 0.88
0.56 £ 0.88
6.67 +£2.52

8 (30.8)
4(15.4)
2(7.7)
1(3.8)
1(3.8)
2(7.7)

0.58 = 0.99

0.73 +1.28

6.25 + 1.49

0.50+0.76 <0.001°
0.50+0.76 <0.001°
7.00 £2.00  0.004°

7(31.8)  0.003°

3 (13.6)

2(9.1)

1 (4.5)

1 (4.5)

2(9.1)  <0.001°
0.55+0.91 <0.001b
0.68+1.09 <0.001b
6.86+2.54  0.011°

3Chi-square for independence test; ®single-factor analysis of variance. Abbreviations: AE, adverse event; PRO-CTCAE,

Patient-Reported Outcomes version of the Common Terminology Criteria for Adverse Events; SD, standard deviation.
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Supplemental Table 3. A multivariate logistic regression analysis of > 50% BPI-SF

pain score reduction within 7 days after initiating opioid therapy

Variables Odds ratio 95% CI p-value
Age 1.01 0.98-1.04 0.40
Sex 0.80 0.40-1.57 0.51
Use of multi-mechanistic opioids 27.18 7.06—104.65 <0.001
MEDD of pre-treatment opioids 1.00 0.99-1.01 0.73
BPI-SF score at baseline 0.82 0.64-1.06 0.13
A118G polymorphism 0.14 0.07-0.29 <0.001

Abbreviations: CI, confidence interval; MEDD, morphine-equivalent daily dose; BPI-SF, Brief Pain

Inventory-Short Form.

Supplemental Table 4. Dose of each opioid

AA AG GG p-value
Tapentadol
On day 1, mean + SD 105.0+68.5 1083+ 1159  105.6+88.2 0.99
On day 3, mean + SD 110.0£69.9  1194+119.8 127.8+87.0 0.92
On day 7, mean + SD 1250+ 85.8  125.0+122.5 127.8+87.0 0.99
On day 14, mean + SD 130.0+ 88.8  125.0+122.5 1389+1024 0.96
Methadone
On day 1, mean + SD 16.1+13.4 16.9+7.0 16.3+11.9 0.99
On day 3, mean + SD 16.1+13.4 16.9+7.0 16.3+11.9 0.99
On day 7, mean £+ SD 16.1+12.2 16.9+7.0 16.3+12.5 0.99
On day 14, mean + SD 17.2+12.0 16.3+6.9 21.9+18.1 0.66
Hydromorphone
On day 1, mean + SD 3.36£3.35 3.27+2.73 3.40 £3.68 0.99
On day 3, mean + SD 3.36+3.35 3.27+2.73 3.50£3.66 0.97
On day 7, mean + SD 3.28+3.36 3.91+£3.83 430+6.27 0.75
On day 14, mean + SD 3.28+£3.36 4.18+3.90 4.40+6.24 0.68
Oxycodone
On day 1, mean + SD 13.9+9.9 13.3+10.0 17.5+14.9 0.74
On day 3, mean + SD 13.9+9.9 13.3+£10.0 17.5+14.9 0.74
On day 7, mean + SD 15.6 £10.1 14.4+10.1 18.8+14.6 0.74
On day 14, mean + SD 15.6 £10.1 15.6 £ 10.1 18.8+14.6 0.81
Fentanyl
On day 1, mean + SD 0.68 £ 0.41 0.69 £ 0.45 0.64 +0.35 0.89
On day 3, mean + SD 0.68 £0.41 0.69 +0.45 0.64 +0.35 0.89
On day 7, mean + SD 0.77 £0.48 0.77 £0.45 0.76 £ 0.36 0.92
On day 14, mean + SD 0.77 £0.48 0.77 £0.45 0.78 £0.39 0.95

Single-factor analysis of variance. Abbreviations: SD, standard deviation.
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Supplemental Table S. Baseline patient background

AA AG GG p-value
Tapentadol (n=10) (n=9) (n=9)
Age (years), mean = SD (range) 76.2+6.2 759+13.4 73.1£11.9  0.80%
(64-84) (62-89) (57-86)
Sex, male, n (%) 5(50.0) 4 (44.4) 4 (44.4) 0.96°
BMI (kg/m?), mean + SD (range) 21.5+£3.8 20.9£5.7 22.6+£6.3 0.79%
(16.4-28.6) (15.7-30.1) (17.1-25.3)
ECOG PS, n (%)
4 2 (20.0) 2(22.2) 4 (44.4) 0.75°
3 4 (40.0) 3(33.3) 1(11.1)
2 1 (10.0) 2(22.2) 1(11.1)
<l 3 (30.0) 2 (22.2) 3(33.3)
Primary cancer site, n (%)
Blood 2 (20.0) 1(11.1) 1(11.1) N.A.
Liver 2 (20.0) 1(11.1) 1(11.1)
Lung 2 (20.0) 1(11.1) 1(11.1)
Breast 1(10.0) 3(33.3) 1(11.1)
Colon 1(10.0) 1(11.1) 1(11.1)
Others 2 (20.0) 2 (22.2) 4 (44.4)
Type of pain, n (%) (including duplicate answers)
Nociceptive pain 8 (80.0) 7(77.8) 7(77.8) 0.99°
Neuropathic pain 4 (40.0) 4 (44.4) 3(33.3) 0.89°
Pre-treatment opioids, n (%)
Hydromorphone 2 (20.0) 3(33.3) 1(11.1) N.A.
Tramadol 2 (20.0) 1(11.1) 2(22.2)
Oxycodone 1(10.0) 1(11.1) 2(22.2)
Fentanyl 1(10.0) 1(11.1) 0(0.0)
Naive 4 (40.0) 3(33.3) 4 (44.4)
MEDD of pre-treatment opioids (mg/day), mean £ SD  25.6 + 34.1 26.3+32.9 26.8+33.2  0.99°
(range) (0-112) (0-100) (0-90)
Concomitant medications, n (%) (including duplicate
answers)
Acetaminophen 3 (30.0) 2 (22.2) 2(22.2) 0.90°
NSAIDs 2 (20.0) 3(33.3) 2(22.2) 0.78°
Adjuvant analgesics 4 (40.0) 4 (44.4) 4 (44.4) 0.97°
Laboratory values at the start of each opioid therapy,
median (IQR)
AST (U/L) 29.0 25.0 28.0 0.65¢
(14.0-66.0) (11.0-53.0) (16.0-58.0)
ALT (U/L) 16.0 12.0 17.0 0.11°
(8.0-43.0) (5.0-35.0) (11.0-33.0)
v-GTP (U/L) 55.0 31.0 44.0 0.59¢
(10.0-110.0)  (12.0-396.0) (14.0-419.0)
Scr (mg/dL) 0.62 0.69 0.79 0.49¢
(0.42-1.10) (0.45-1.43) (0.42-1.49)
e¢GFR (mL/min) 76.8 69.8 53.5 0.33¢
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(37.0-105.7)  (36.5-129.9) (35.8-149.9)
BUN (mg/dL) 16.6 15.3 17.5 0.76¢
(13.3-27.4) (6.8-40.6) (7.3-27.4)
Methadone (n=9) (n=298) (n=28)
Age (years), mean =+ SD (range) 76.7 £ 8.6 65.5+16.0 67.1+9.3 0.12*
(64-87) (49-80) (55-80)
Sex, male, n (%) 4 (44.4) 2 (25.0) 5(62.5) 0.32°
BMI (kg/m?), mean = SD (range) 179+24 19.8+4.7 193+2.6 0.50°
(15.8-20.7) (14.8-20.8) (16.4-21.4)
ECOG PS, n (%)
4 2(22.2) 2 (25.0) 3 (37.5) 0.90°
3 3(33.3) 2 (25.0) 2 (25.0)
2 3(33.3) 3(37.5) 1(12.5)
<l 1(11.1) 1(12.5) 2 (25.0)
Primary cancer site, n (%)
Prostate 2(22.2) 1(12.5) 0 (0.0) N.A.
Colon 1(11.1) 2 (25.0) 3 (37.5)
Breast 1(11.1) 2 (25.0) 0 (0.0)
Lung 0 (0.0) 2 (25.0) 3 (37.5)
Others 5(55.6) 1(12.5) 2 (25.0)
Type of pain, n (%) (including duplicate answers)
Nociceptive pain 7(77.8) 5(62.5) 7 (87.5) 0.50°
Neuropathic pain 4 (44.4) 4 (50.0) 3 (37.5) 0.88°
Pre-treatment opioids, n (%)
Oxycodone 2(22.2) 3(37.5) 3 (37.5) N.A.
Hydromorphone 2(22.2) 2 (25.0) 2 (25.0)
Fentanyl 2 (22.2) 1(12.5) 1(12.5)
Morphine 2 (22.2) 0 (0.0) 0 (0.0)
Tapentadol 1(11.1) 2 (25.0) 2 (25.0)
MEDD of pre-treatment opioids (mg/day), mean £ SD  83.3 +75.2 95.0 £63.7 74.1+£533  0.81*°
(range) (30-160) (30-180) (30-180)
Concomitant medications, n (%) (including duplicate
answers)
Acetaminophen 3(33.3) 2 (25.0) 2 (25.0) 0.91°
NSAIDs 2(22.2) 3(37.5) 2 (25.0) 0.76°
Adjuvant analgesics 3(33.3) 3 (37.5) 3(37.5) 0.98°
Laboratory values at the start of each opioid therapy,
median (IQR)
AST (U/L) 15.0 18.0 21.5 0.61°
(12.0-41.0) (13.0-23.0) (11.0-49.0)
ALT (U/L) 10.0 12.0 15.0 0.48¢
(5.0-28.0) (10.0-20.0) (8.0-33.0)
v-GTP (U/L) 49.0 42.0 47.0 0.25¢
(16.0-69.0)  (22.0-112.0)  (32.0-65.0)
Scr (mg/dL) 0.60 0.57 0.89 0.37¢
(0.51-1.66) (0.33-1.95) (0.55-1.60)
eGFR (mL/min) 81.8 76.8 65.2 0.24¢
(24.2-110.4) (26.6-191.2) (36.4-115.2)
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BUN (mg/dL) 15.4 14.1 12.5 0.81°¢
(7.2-28.2) (6.9-28.1) (6.0-30.3)
Hydromorphone (n=25) (n=22) (n=20)
Age (years), mean = SD (range) 759+119 76.0+12.8 76.6 £13.1 0.98*
(46-95) (46-93) (46-97)
Sex, male, n (%) 9 (36.0) 10 (45.5) 8 (40.0) 0.80°
BMI (kg/m?), mean = SD (range) 189+3.5 192+34 19.4+33 0.90?
(13.8-23.5) (14.8-22.7) (14.7-23.7)
ECOG PS, n (%)
4 9 (36.0) 5(2.7) 6 (30.0) 0.75°
3 4 (16.0) 8 (36.4) 6 (30.0)
2 5(20.0) 5(2.7) 3 (15.0)
<l 7 (28.0) 4(18.2) 5(25.0)
Primary cancer site, n (%)
Liver 5(20.0) 29.1) 2 (10.0) N.A.
Lung 4 (16.0) 3 (13.6) 2 (10.0)
Pancreas 4(16.0) 3(13.6) 0(0.0)
Blood 3(12.0) 4(18.2) 3 (15.0)
Colon 2 (8.0) 3 (13.6) 5(25.0)
Breast 2 (8.0) 3 (13.6) 3 (15.0)
Others 5(20.0) 4(18.2) 5(25.0)
Type of pain, n (%) (including duplicate answers)
Nociceptive pain 21 (84.0) 17 (77.3) 16 (80.0) 0.84°
Neuropathic pain 8(32.0) 8 (36.4) 7 (35.0) 0.95°
Pre-treatment opioids, n (%)
Oxycodone 4 (16.0) 1(4.5) 2 (10.0) N.A.
Tramadol 2 (8.0) 3(13.6) 3(15.0)
Morphine 2 (8.0) 3 (13.6) 1(5.0)
Fentanyl 2 (8.0) 1(4.5) 3(15.0)
Tapentadol 2 (8.0) 0(0.0) 1(5.0)
Naive 13 (52.0) 14 (63.6) 10 (50.0)
MEDD of pre-treatment opioids (mg/day), mean £ SD  17.1 +£25.7 16.6 £22.7 22.8+33.7 0.73*
(range) (0-100) (0-80) (0-150)
Concomitant medications, n (%) (including duplicate
answers)
Acetaminophen 6 (24.0) 5(22.7) 5(25.0) 0.99°
NSAIDs 7 (28.0) 5(22.7) 6 (30.0) 0.86°
Adjuvant analgesics 12 (48.0) 11 (50.0) 10 (50.0) 0.99°
Laboratory values at the start of each opioid therapy,
median (IQR)
AST (U/L) 27.0 21.5 25.0 0.61°
(8.0-88.0) (9.0-86.0) (11.0-79.0)
ALT (U/L) 21.0 12.0 18.0 0.16¢
(8.0-51.0) (8.0-41.0) (7.0-58.0)
v-GTP (U/L) 36.5 36.0 32.0 0.19¢
(13.0-104.0)  (16.0-248.0)  (9.0-182.0)
Scr (mg/dL) 0.69 0.72 0.73 0.64¢
(0.35-1.69) (0.44-1.41) (0.37-1.46)
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eGFR (mL/min) 69.5 66.6 61.2 0.87¢
(22.2-128.5) (26.8-139.6) (27.2-124.7)
BUN (mg/dL) 19.1 16.2 18.8 0.41°
(7.8-65.9) (5.9-58.7) (9.0-65.9)
Oxycodone (n=9) (n=9) (n=218)
Age (years), mean + SD (range) 70.0 £ 15.2 74.2+10.2 73.6+13.7 0.77°
(46-84) (49-83) (55-86)
Sex, male, n (%) 3(33.3) 3(33.3) 2 (25.0) 0.91°
BMI (kg/m?), mean + SD (range) 20.0+4.0 19.7+£2.6 21.6+34 0.49*
(15.8-25.9) (16.3-23.7) (16.7-25.4)
ECOG PS, n (%)
4 3(33.3) 3(33.3) 3 (37.5) 0.90°
3 2(22.2) 3(33.3) 2 (25.0)
2 3(33.3) 1(11.1) 1(12.5)
<1 1(11.1) 2(22.2) 2 (25.0)
Primary cancer site, n (%)
Breast 3(33.3) 2(22.2) 1(12.5) N.A.
Colon 2(22.2) 1(11.1) 2 (25.0)
Lung 1(11.1) 3(33.3) 3 (37.5)
Prostate 1(11.1) 2(22.2) 0(0.0)
Others 2(22.2) 1(11.1) 2 (25.0)
Type of pain, n (%) (including duplicate answers)
Nociceptive pain 7(77.8) 7(77.8) 6 (75.0) 0.99°
Neuropathic pain 3 (33.3) 4 (44.4) 3 (37.5) 0.89°
Pre-treatment opioids, n (%)
Tramadol 2 (22.2) 2 (22.2) 2 (25.0) N.A.
Fentanyl 2 (22.2) 2(22.2) 1(12.5)
Morphine 1(11.1) 1(11.1) 1(12.5)
Tapentadol 1(11.1) 0(0.0) 0(0.0)
Hydromorphone 0(0.0) 1(11.1) 1(12.5)
Naive 3(33.3) 3(33.3) 3 (37.5)
MEDD of pre-treatment opioids (mg/day), mean £ SD  25.1 +24.0 32.5+£26.1 233+20.6 0.70°
(range) (0-75) (0-75) (0-60)
Concomitant medications, n (%) (including duplicate
answers)
Acetaminophen 2(22.2) 3(33.3) 3(37.5) 0.78°
NSAIDs 4 (44.4) 3(33.3) 3 (37.5) 0.89°
Adjuvant analgesics 3(33.3) 3(33.3) 2 (25.0) 0.91°
Laboratory values at the start of each opioid therapy,
median (IQR)
AST (U/L) 19.5 22.0 18.0 0.95¢
(8.0-50.0) (12.0-39.0) (9.0-88.0)
ALT (U/L) 10.5 13.0 17.0 0.30¢
(5.0-49.0) (5.0-32.0) (9.0-33.0)
v-GTP (U/L) 38.5 33.0 29.0 0.45¢
(11.0-106.0)  (14.0-72.0)  (11.0-133.0)
Scr (mg/dL) 0.61 0.75 0.68 0.54¢
(0.39-1.36) (0.49-1.13) (0.51-0.98)
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eGFR (mL/min) 76.8 64.8 65.6 0.62¢
(36.5-100.2)  (31.0-119.9)  (51.0-87.8)
BUN (mg/dL) 16.6 16.2 13.9 0.72¢
(11.4-25.7) (6.9-254) (9.6-21.6)
Fentanyl (n=28) (n=26) (n=22)
Age (years), mean + SD (range) 77.8+13.3 79.0 +12.7 77.5+122  0.90°
(44-95) (35-93) (46-97)
Sex, male, n (%) 11 (39.3) 10 (38.5) 9 (40.9) 0.98°
BMI (kg/m?), mean + SD (range) 194+£3.6 18.3+£3.1 19.8 £3.6 0.29%
(12.0-26.2) (13.5-25.2) (14.7-25.4)
ECOG PS, n (%)
4 8 (28.6) 7 (26.9) 5(22.7) 0.98°
3 7 (25.0) 5(19.2) 7 (31.8)
2 5(17.9) 6 (23.1) 4(18.2)
<l 8 (28.6) 8 (30.8) 6 (27.3)
Primary cancer site, n (%)
Colon 6(21.4) 4 (15.4) 3 (13.6) N.A.
Breast 5(17.9) 3 (11.5) 3 (13.6)
Liver 4(14.3) 2(7.7) 29.1)
Stomach 3(10.7) 4(15.4) 4(18.2)
Blood 3(10.7) 4 (15.4) 1(4.5)
Lung 3(10.7) 3 (11.5) 4(18.2)
Others 4(14.3) 6 (23.1) 522.7)
Type of pain, n (%) (including duplicate answers)
Nociceptive pain 21 (75.0) 20 (76.9) 16 (72.7) 0.95°
Neuropathic pain 12 (42.9) 11 (42.3) 12 (54.5) 0.64°
Pre-treatment opioids, n (%)
Hydromorphone 8 (28.6) 4(15.4) 6(27.3) N.A.
Oxycodone 6(21.4) 6 (23.1) 5(22.7)
Tramadol 3(10.7) 3(11.5) 2(9.1)
Morphine 1(3.6) 3 (11.5) 2(9.1)
Tapentadol 1(3.6) 0(0.0) 0(0.0)
Naive 9 (32.1) 10 (38.5) 7 (31.8)
MEDD of pre-treatment opioids (mg/day), mean £ SD  26.1 &+ 36.2 25.1+27.7 26.6 +33.5  0.99°
(range) (0-120) (0-90) (0-112)
Concomitant medications, n (%) (including duplicate
answers)
Acetaminophen 12 (42.9) 12 (46.2) 11 (50.0) 0.88°
NSAIDs 7 (25.0) 6 (23.1) 7 (31.8) 0.78°
Adjuvant analgesics 13 (46.4) 12 (46.2) 10 (45.5) 0.99°
Laboratory values at the start of each opioid therapy,
median (IQR)
AST (U/L) 24.0 26.0 27.0 0.35¢
(7.0-101.0) (9.0-110.0)  (12.0-113.0)
ALT (U/L) 14.0 14.0 16.5 0.22¢
(5.0-94.0) (5.0-60.0) (5.0-82.0)
v-GTP (U/L) 38.0 45.5 32.0 0.31¢
(6.0-323.0) (3.0-323.0)  (11.0-356.0)
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Scr (mg/dL) 0.68 0.69 0.72 0.92¢
(0.41-1.67)  (0.33-1.73)  (0.38-1.78)

¢GFR (mL/min) 69.7 60.9 63.9 0.51¢
(23.7-105.7)  (24.3-127.4)  (22.9-108.5)
BUN (mg/dL) 18.1 213 18.8 0.75¢

(8.6-65.9)  (7.2-553)  (9.6-68.7)

aSingle-factor analysis of variance; °chi-square for independence test; ‘Kruskal-Wallis test. Abbreviations: SD,
standard deviation; BMI, body mass index; ECOG PS, Eastern Cooperative Oncology Group Performance Status;
N.A., not available; MEDD, morphine-equivalent daily dose; NSAIDs, nonsteroidal anti-inflammatory drugs;
IQR, interquartile range; AST, aspartate transaminase; ALT, alanine transaminase; y-GTP, y-glutamyl
transpeptidase; Scr, serum creatinine; eGFR, estimated glomerular filtration rate; BUN, blood urea nitrogen.
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Appendix

Appendix 1. Mechanisms of action of opioids
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Appendix 2. Eastern Cooperative Oncology Group Performance Status
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Appendix 3. Barthel Index
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