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Oxycodone is a semi—synthetic opioid synthesized from poppy—derived thebaine. It is a narcotic analgesic generally indicated
for relief of moderate to severe pan. Although developed in an attempt to improve on the existing opioids, the adverse
effects of oxycodone are those that are typically found in opioids. In recent years, the use of the opioid oxycodone has
increased markedly and replacing morphine as the first line choice of opioid in several countries. There are formulations for
oral immediate, oral extended release and intravenous use. In 2013, intravenous oxycodone was approved for marketing by
Ministry of Food and Drug Safety (MFDS), with the indication of postoperative intravenous patient—controlled analgesia (IV
PAC). Simulation study of oxycodone demonstrated that minimum effective analgesic concentration (MEAC) of oxycodone was
most quickly reached with higher loading dose and IV PCA with background infusion, which may reduce the necessity of
rescue analgesics during immediate postoperative period. Previous studies for postoperative pain management with intravenous
oxycodone are limited in sample size, mostly less than 100 patients, which may not be large enough to assess safety of
intravenous oxycodone. The effectiveness and tolerability of IV PCA with oxycodone should, therefore, be evaluated in large
scale clinical trials in Korean populations.
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Fig. 1. A schematic overview of the metabolism of oxycodone
and its main metabolites with the major metabolic
pathway CYP3A4 and the minor metabolic pathway
CYP2D6. The oxycodone metabolism through the CYP3A
pathway should represent well over half of the
metabolism of oxycodone in most patients.
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oxycodone =2 (exposure) = H Ao ot 33]. 1 Table 1. Non—compartmental pharmacokinetic parameters of
- oxycodone
27] wszoll Zi7HQInke} 53] Q15X+ oxycodone®]
~ Parameter Values
A &35 Agshe glo] Tasith tyz (min) 222 + 139°
Vs (L/kg) 2.60 + 0.52°
6. o] duks Cl (L/min) 0.78 + 0.33°
Clg (L/min) 0.07 + 0.02°
olafAble] HFA2 48] oxyeodonedl A v Cn (8D b
Intramuscular 34 + 10
ok HR](25-30%), MI2A-e(25-30%) L2]al 84(25%) Oral 38 + 14°
- - tmax (h)
©] 71 E=E Al 7P 724821t 35]. Oxyeodone s 7ot Intramuscular 111 + 0.40°
:iﬁj‘-x}-g 5—15%01]/\1 ——rLE /\0]:7":1'— o]z Eq_-o] JJ—Z]'E]T;]— }\LQ_ Oral 0.83 + 0.22°

AUC (ng/ml/h)

s, VPR, s, AL 3 A, ek e, e Intramuscular 208 + 49"

TRAZ, B2k 71 BAAE 5] 5% nwelA] ekl Oral 245 + 81°

Oral bioavailability 60 + 20°

O =0 - ylQ = Ry , K R . .

Oxycodones 35 %]: - o %‘:ﬁ }\]'%0}7 4]/]' O}J‘j This data are obtained from single (intravenous, intramuscular, and
15 o = N oral) dose studies in young adult patients and volunteer. a: after
AR 17kl Sl Eo A AR A9 S5AS) A, 0.07 mg/kg IV to postsurgical patients, b: after 0.14 mg/kg IM
=17 LAS) DB Bes Aol B3 2 to heal@hy Volunteers,. ¢ aft_er 0.28 mg/kg PQ to heal_ﬂly volunteers,
FaL ek s, Fo, AR, i, o A d: relative to IM administration. ti;: elimination half—life, Vi: volume
35 AA], AP So] UERG 4 9)\‘“4'- 2 of distribution in the steady state, Cl: systemic clearance, Clg: renal

clearance, Chme maximum plasma concentration, tmx. time to reach
Cmax, AUC: area under the time curve.

Table 2. Non—compartmental pharmacokinetic parameters for oxycodone and noroxycodone in patients undergoing orthopedic

surgery
Dru Cl Vs - Crnax t12 AUCi,
Age g%up (ml/min/kg) (L/kg) t(h) (ng/ml) (1) (ug-min/mp)  AUCW/AUG,
Oxycodone
20-40 y 11.9 £ 3.5 3.7 + 0.7 0.083 29.2 £ 16.0 4.0 £ 0.8 5.0 + 1.3°
(n=11) (6.7-17.6) (2.7-4.9) (0.042, 1.0)  (10.7-60.2) (3.0-5.5) (3.1-7.6)
60-70 y 8.6 + 1.3% 3.4 + 05 0.042 31.4 + 234 46 + 05 6.4 + 1.27
(n=10) (7.0-11.2) (2.6-4.0) (0.042, 1.5)  (10.8—86.5) (3.9-5.3) (5.1-8.4)
70-80 y 8.6 2.6% 3.7 + 07 0.062 22.8 £ 11.4 49 £+ 1.1 6.9 + 1.7"
(n=10) (6.0-14.7) (2.8-4.8)  (0.042, 0.083)  (9.9-45.0) (3.0-6.6) (4.4-9.1)
80-90 y 7.9 + 2.2% 3.2 + 0.2 0.042 427 £ 276 49 + 1.0 9.0 +
(n=10) (5.8-12.7) (2.8-3.5)  (0.042, 0.083) (17.9-96.8) (3.4-6.4) (5.2-11.9)
P—value® 0.004 0.097 0.073d 0.195 0.067 < 0.001
Noroxycodone
20-40 y 4.0 2.2 £ 0.6 8.1 £ 3.0 2.2 £ 09" 043 +0.12
(n=11) (0.75, 8.0) (1.3-3.4) (2.9-15.1) (1.0-4.0)  (0.13-0.78)
60-70 y 6.0 2.4 + 0.8 8.8 £ 1.2 2.7+ 0.9 042 £ 0.12
(n=10) (1.0, 8.0) (1.5-4.0) (6.8-11.3) (1.8—4.4)  (0.22-0.84)
70-80 y 5.5 2.9+ 1.1 10.1 £ 3.2 3.7+ 1.7 055 % 0.18
(n=10) (4.0, 10.0) (1.4-4.6) (5.7-15.4) (1.8-7.2)  (0.19-1.38)
80-90 y 7.0 3.8+ 15 9.7 + 3.2 4.8 £ 27  0.55 % 0.24
(n=10) (0.75, 10.0)  (2.1-7.4) (6.6-17.5) (2.3-12.8)  (0.29-2.89)
P—value® 0.172¢ 0.007 0.29 0.006 0.178

Four groups of 10-11 patients, aged 20-40, 60-70, 70-90 years, undergoing orthopaedic surgery, were given intravenous oxycodone (5
mg). Data are expressed as mean SD (range) except where stated others. b: values are median (range), ¢: determined by ANOVA unless
otherwise stated, d: determined by Kruskall—Wallis test. AUCyy : area under the plasma concentration—time curve from time zero to infinity,
AUC,/AUC, : metabolite—to—parent drug area under the plasma concentration—time curve ratio, Cl: apparent total body clearance from
plasma, Cpax : maximum plasma concentratlon ti2 ¢ elimination half—life, tmax : time to reach Cumax, Vs volume of distribution at steady
state. *P < 0.05 vs. group 20-40 vy, P < 0.05, P < 0.001 vs. group 80-90 vy.

1. http://app.purduepharma.com/xmlpublishing/pi.aspx?id=o0. Last access: 2013—06—07.
2. http://app.purduepharma.com/xmlpublishing/pi.aspx?id=o0. Last access: 2013—06—07.
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Parameters Values
Vi, L 161 + 5.0 < (LBM—54.58)
Vs, L 124
Cl, L/h 48.1 + 0.547 (LBM—54.58) — 0.1777

X (age—44.81)
Q, L/h 982

LBM: lean body mass, calculated by James formulation
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8.1.1. IV bolus loading at the end of surgery

Tar 28 A A BolxE oxycodone 2 mge A7)
At Hararsieolste] @ eE Helvk 12, 01
mg/kg (60 kg #219] Z-F- 6 mg) 2] oxycodone %
za _7,5_ 1/\]2_} ;<4_1,:_77}z _4/\[“(1:-‘3&;} o g;q&:m:é
BN} Saari 5l 28PH AAATS oxycodone2] F4
|40 T3t FragolH, o]2 Q18| James fomula® AVt
F AT o] YA L o EelAE o T
5 ti=f 1ARPRA19] oxycodone®] 7 557 7 VR
o} webA g T ARl FodE = oxycodone®] -t
B BN SR = - 55 3l flalA
2hH 2 mg ok 01 mghkes AFeh= Zlo] ¥ AgshtaL
2o}, o}&714], oxycodone?] 7 85 Tl T4 A
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By LBM
104 — 89y, Female

— 54y, Female
— 19y, Female

— 89y, Male
— 54y, Male
— 19y, Male

Plasma concentr ation of oxycodone (ng/ml)

0.0 0.1 0.2 0.3 0.4 05 1 2 3 4

Time (h)

Fig. 2. Predicted concentration of oxycodone in the plasma
over time after an intravenous bolus of 2 mg. Body
weights and heights of all individuals are 60 kg and 165
cm, respectively. Pharmacokinetic model by Saari et al.
was applied to this simulation. LBM: lean body mass (kg)
calculated by James formula.

3. http://www.fitdnm.org/index.php?mid=download_ap&document_srl=5041. Last access: 2013—06—08.
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A=

el kg
8.1.1.1. An intravenous bolus of 2 mg (Fig. 2)
8.1.1.2. An intravenous bolus of 0.1 mg/kg (Fig. 3)
8.1.2. IV bolus loading followed by IV PCA
o] simulation studyol41= IV oxycodone?] 53} -8
o] F=Fa AlRdel FAHIAL IV PCA7} 78l &5 7o
5% F AlEE S
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ojg Fop S EEEhE 4 F 4ol 247 B
55 98% 919 7 AFAVE 1a 4 ok 90% 9
Ao ERe7EAe) ARES: 2 mee) Hakge} vl
'5‘}93\% o] =2 535} 80.1 mgkg, 6 mg)olA] t
v 1 mhhe] AEFololls s v et 3
o= %‘—’3%%%54 &t *o °l background in—
fusiono] A= 73-77F 1A 82 7-ET O] E9kk A

;:‘;

45

40
By LBM
— 89y, Female

— 54y, Female
— 19y, Female

35
30-

25
— 89y, Male

— 54y, Male
— 19y, Male

20

15

10

Plasma concentration of oxycodone (ng/ml)

0.0 0.1 0.2 0.3 0.4 05 1 2 3 4

Time (h)

Fig. 3. Predicted concentration of oxycodone in the plasma
over time after an intravenous bolus of 0.1 mg/kg. Body
weights and heights of all individuals are 60 kg and 165
cm, respectively. MEC: minimum effective concentration.
Pharmacokinetic model by Saari et al. was applied to
this simulation. LBM: lean body mass (kg) calculated by
James formula.

— 89 v, Female
~ = 89y, Male
- — 54y, Female
— 54, Male
m — 19y, Female
= 19y, Male

Plasma concentration of oxycodone (ng/ml)

16 24 32 40 48

Time (h)

— 89y, Female

: - 89y, Male

v — 54y, Female
— 54y, Male

— 19y, Female
= 19 ¥, Male

AL

Plasma concentration of oxycodone (ng/ml)

.
'
'
'
.
4

H H 1o 12

Time (h)

— 19y, Female
= 19 y. Male
— 54y, Female
— 54y, Male
— 89 y. Female
~— 89y, Male

Percent of steady state
plasma concentration of oxycodone (%)

Time (h)

Fig. 4. Predicted concentration of oxycodone in the plasma over time after
an intravenous bolus of 2 mg followed by demand bolus of 1 mg
every 15 min. Upper panel: the entire time—concentration curve,
middle panel: time—concentration curve to highlight time to reach
MEAC, lower panel: time—concentration curve to focus on the time
to reach 90% steady state concentration of oxycodone. Body weights
and heights of all individuals are 60 kg and 165 cm, respectively.
MEAC: minimum effective analgesic concentration. MEC: minimum
effective concentration. Demand bolus, background infusion rate
and lock—out time of postoperative intravenous patient—controlled
analgesia (IV PCA) are set at 1 ml, 0 m/h, and 15 min, respectively.
The concentration of oxycodone in IV PCA is 1 mg/ml. Pharmacokinetic
model by Saari et al. was applied to this simulation. Vertical dotted
lines indicated time to reach MEAC (4 h) and 90% of steady—state
concentration (11-16 h). Time 0 indicated the end of surgery.

Table. 5. Time to MEAC and 90% SS, and SS in IV PCA with oxycodone

IV bolus loading of 2 mg

IV bolus loading of 0.1 mg/kg

Background infusion of 1 ml/h -

Time to MEAC (h) 4
Time to 90% SS (h) 11-16
SS (ng/ml) 79-113

+ - +
2.7 2.5 2
11-16 9-14 9-14
99—-142 79—113 99—-142

IV: intravenous, PCA: patient—controlled analgesia, SS: steady—state concentration of oxycodone.
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8.1.2.1. An intravenous bolus loading of 2 mg followed by
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Fig. 5. Predicted concentration of oxycodone in the plasma over time after
an intravenous bolus of 2 mg followed by demand bolus of 1 mg
every 15 min. Upper panel: the entire time—concentration curve,
middle panel: time—concentration curve to highlight time to reach
MEAC, lower panel: time—concentration curve to focus on the time
to reach 90% steady state concentration of oxycodone. Body weights
and heights of all individuals are 60 kg and 165 cm, respectively.
MEAC: minimum effective analgesic concentration. MEC: minimum
effective concentration. Demand bolus, background infusion rate
and lock—out time of postoperative intravenous patient—controlled
analgesia (IV PCA) are set at 1 ml, 0 ml/h, and 15 min, respectively.
The concentration of oxycodone in IV PCA is 1 mg/ml. Pharmacokinetic
model by Saari et al. was applied to this simulation. Vertical dotted
lines indicated time to reach MEAC (4 h) and 90% of steady—state
concentration (11-16 h). Time 0 indicated the end of surgery.
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demand bolus of 1 mg every 15 min (no background
infusion) (Fig. 4)

8.1.2.2. An intravenous bolus loading of 0.1 mg/kg followed

Percent of steady state
plasma concentration of oxycodone (%o )

Plasma concentration of oxycodone (ng/ml)

Plasma concentration of oxycodone (ng/ml)

by demand bolus of 1 mg every 15 min (no

background infusion) (Fig. 5)
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Fig.

6.

Predicted concentration of oxycodone in the plasma over time after
an intravenous bolus loading of 2 mg followed by demand bolus
of 1 mg every 15 min and background infusion of 1 mg/h. Upper
panel: the entire time—concentration curve, middle panel:
time—concentration curve to highlight time to reach MEAC, lower
panel: time—concentration curve to focus on the time to reach 90%
steady state concentration of oxycodone. Body weights and heights
of al individuals are 60 kg and 165 cm, respectively. MEAC: minimum
effective analgesic concentration. MEC: minimum effective con—
centration. Demand bolus, background infusion rate and lock—out
time of postoperative intravenous patient—controlled analgesia (IV
PCA) are set at 1 ml, 1 mlh, and 15 min, respectively. The concentration
of oxycodone in IV PCA is 1 mg/ml. Pharmacokinetic model by Saari
et al. was applied to this simulation. Vertical dotted lines indicated
time to reach MEAC (2.7 h) and 90% of steady—state concentration
(11-16 h). Time 0 indicated the end of surgery.
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8.1.2.3. An intravenous bolus loading of 2 mg followed by

demand bolus of 1 mg every 15 min and background
infusion of 1 mg/h (Fig. 6)

8.1.2.4. An intravenous bolus loading of 0.1 mg/kg followed
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Fig. 7.

174

Predicted concentration of oxycodone in the plasma over time after
an intravenous bolus of 0.1 mg/kg followed by demand bolus of
1 mg every 15 min and background infusion of 1 mg/h. Upper panel:
the entire time—concentration curve, middle panel: time—
concentration curve to highlight time to reach MEAC, lower panel:
time—concentration curve to focus on the time to reach 90% steady
state concentration of oxycodone. Body weights and heights of all
individuals are 60 kg and 165 cm, respectively. MEAC: minimum
effective analgesic concentration. MEC: minimum effective con—
centration. Demand bolus, background infusion rate and lock—out
time of postoperative intravenous patient—controlled analgesia (IV
PCA) are set at 1 ml, 1 mlh, and 15 min, respectively. The concentration
of oxycodone in IV PCA is 1 mg/ml. Pharmacokinetic model by Saari
et al. was applied to this simulation. Vertical dotted lines indicated
time to reach MEAC (2 h) and 90% of steady—state concentration
(9—14 h). Time 0 indicated the end of surgery.
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by demand bolus of 1 mg every 15 min and

background infusion of 1 mg/h (Fig. 7)

8.2. Fentanyl
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Fig. 8. Predicted concentration of fentanyl in the plasma over time after

an intravenous bolus of 2 ug/kg followed by demand bolus of 15
ug every 15 min and background infusion of 15 ug/h. Upper panel:
the entire time—concentration curve, middle panel: time—
concentration curve to highlight time to reach MEAC, lower panel:
time—concentration curve to focus on the time to reach 90% steady
state concentration of fentanyl. MEAC: minimum effective analgesic
concentration. MEC: minimum effective concentration. Demand bolus,
background infusion rate and lock—out time of postoperative
intravenous patient—controlled analgesia (IV PCA) are set at 1 ml,
1 ml/h, and 15 min, respectively. The concentration of fentanyl in
IV PCA is 15 pg/ml. Pharmacokinetic model by Scott et al. was
applied to this simulation. Vertical dotted lines indicated time to
reach MEAC (6 h) and 90% of steady—state concentration (18,5 h).
Time 0 indicated 1 h before the end of surgery.
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g =] YA H(Table 6).
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