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1.0 Executive Summary
1.1  Recommendation:

The submission is acceptable from a Clinical Pharmacology and Biopharmaceutics
paspwﬁveprovidedthatamummﬂysaﬁsmyagwemeMcmbemhedbetweenﬂne
sponsorandﬂleAgencyregm'dingthelanguagcinmepackagei:m

' 1.2 Phase 4 commitments:

From the Clinical Pharmacology perspective, no Phase 4 commitment is applicable to
this NDA. ,

13 Summary of important Clinical Pharmacology findings:

The NDA for codeine sulfate tablets (15, 30 and 60 mg) immediate release tablets was
submitted under 505(b)(2) regulations. These tablets have been marketed as unapproved
products by the sponsor since 1980s under the brand name Codeine Sulfate (Immediate
Release) Tablets.

Through the 505 (b) (2) route, the sponsor is relying on Agency’s previous findings of
safety and efficacy of codeine in Tylenol® with codeine # 3 (ANDA 85-055) containing
30 mg of codeine phosphate. Sponsor conducted a bioequivalence study linking the
codeine sulfate tablets and codeine in Tylenol® with codeine # 3. In addition, data from
four other Clinical Pharmacology studies assessing dose proportionality, dosage form
proportionality, steady state pharmacokinetics and food effect were submitted. Several
related published articles were also submitted. No new information related to special
populaﬁonssuchashepaticandmnal impairmentwaSsubmittedbylhe sponsor. Instead,
sponsor is relying on the existing language in the package insert of Tylenol® with
codeine # 3 for all other Clinical Pharmacology aspects not specifically acquired for this
product. : :

No new Clinical safety and efficacy studies were conducted in support of this NDA.
However, to support the efficacy of their product,mesponsorhasexnacteddataﬁ'om
published randomized, controlled clinical trials during the time period of 1960-2007. The
clinical review team identified six published articles from a total of 159 articles submitted
as specifically supportive of efficacy of codeine sulfate tablets for the proposed
indication. These include three major clinical trials, Study #20 (30 mg codeine, single-
dose), Study #69 (60 mg codeine, single-dose) and Study #56 (60 mg codeine, multiple-
dose) and three supportive clinical trials Study #78 (30 mg codeine [single-dose] and 60
mg codeine [multiple-dose]), Study #24 (60 mg codeine, multiple-dose) and Study #65
(65 mg codeine, multiple-dose).

A brief summary of the assessment of the above mentioned clinical trials from the
Clinical review is extracted and shown below (See Clinical review dated 12/22/08 by Dr.
Carolyn Yancey):



“The pain models, patient populations, and study designs across the three major clinical
trials include: a randomized, double-blind, placebo-controlled, single-dose trial with 30
mg codeine in patients with episiotomy pain (Study #20); a randomized, double-blind,
placebo-controlled, single-dose, 60 mg codeine trial in post oral surgery patients (Study
#69); and a randomized, double-blind, placebo-controlled, multiple-dose trial with 60 mg
codeine in post oral surgery patients (Study #56). In the supportive clinical trials, the pain
models, patient populations, and study designs include: a randomized, double-blind,
placebo-controlled, crossover trial with 30 mg codeine (single-dose phase) and 60 mg
codeine (multiple-dose phase) in patients with diverse chronic pain conditions (Study
#78); a randomized, double-blind, placebo-controlled, multiple-dose trial with 60 mg
codeine in patients with episiotomy (Study #24); and a randomized, double-blind,
placebo controlled, crossover trial with 65 mg codeine in post orthopedic surgery
patients.

The efficacy endpoints included standard measures of patient reported pain assessment
including pain intensity (0-100 mm on a visual analogue scale/VAS), pain intensity
difference (PID), the largest PID (PEAKPID) score, and the sum of pain intensity (SPID),
as well as pain relief; total pain relief (TOPAR), and the largest pain relief (PEAKREL)
score, andﬂxeﬁmetoremedicaﬁoninthemulﬁple—dosetrials.lneuchoftbe individual
trials reviewed, codeine demonstrated superiority over placebo in relieving mild to
moderately severe pain. The well-known placebo effect reported in analgesia clinical
trials was also reported in several of these trials, specifically, in the post oral surgery pain
populations.”

The following are the brief study designs and summary of the five Clinical Pharmacology
and Biopharmaceutics studies conducted by the sponsor:

13.1. Study Designs:

Study CODE-T15-30-60-PVFS-1: Dose Proportionality Study
This is a a single-dose, 3-period, 3-treatment, 6-sequence, 3-way crossover study of the
dose linearityofcodeineslﬂfatetablets under fasting conditions.

Study CODE- T60-PVFS/FD-1: Food Effect Study

This is a single-dose, open-label, randomized, 2-treatment, 2-period, crossover study to
evaluate the effect of food on the absorption of codeine from Roxane Laboratories’
codeine sulfate 60 mg tablets.

Study CODE-T15-PVFS-1: Steady State Study

This is a steady state, 1-period, 1-treatment study of codeine sulfate 15 mg tablets under
steady state conditions to characterize the steady-state pharmacokinetics of codeine and
its metabolites morphine, morphine-3-glucuronide (M3G), and morphine-6-glucuronide
(M6G) after oral administration of codeine sulfate tablets administered at a dose of 15 mg
Q4H x 5 days.



Study CODE-T30-PVFS-1: Comparative Bioavailabﬂity Study
This is a single-Dose, 2-period, 2-treatment, 2-way crossover comparative bioavailability
study of codeine 30 mg tablets and Tylenol® #3 tablets under fasting conditions.

Study CODE-T60-PLFS-1: Comparative Bioavailability Study of Codeine

Sulfate Tablet Formulations Under Fasted Conditions

This is a single dose, 3-period, 3-treatment, 6-sequence crossover pharmacokinetic and
comparative bioavailability study of codeine sulfate tablet formulations under fasted
conditions.

132 Summary of Results:

In all these studies the plasma concentrations of the parent drug morphme, morphine-3-
glucuronide (M3G) and morphine-6-glucuronide (M6G) metabolites were measured.

1.3.2.1 Dose Linearity

Study CODE-T15-30-60-PVFS-1 examined the dose linearity of 15 mg, 30 mg, and 60
mg codeine sulfate tablets under fasted conditions.

Mean plasma concentrations of codeine after administration of codeine as 1 x 15 mg, 1 x
30 mg, and 1 x 60 mg tablets increased in proportion to the increase in dose. Mean values
for Cmax, AUC(0-t) and AUC(inf) also increased in proportion to dose (Table 1.3.2.1.1).
The associated 90% confidence intervals for all comparisons among tablet strengths were
within the 80% to 125% equivalence window (Table 1.3.2.1.2), demonstrating dose
proportionality among the three tablet strengths with respect to codeine. The
linearity is further illustrated in Figure 1.3.2.1.3 (log-log plots of the mean Cmax and
AUC(inf) versus dose).

Table 1.3.2.1.1: Summary of pharmacokinetic parameters for codeine after oral
administration of 1 x 15mg, 1 x 30 mgand 1 x 60 mg doses of Roxane Laboratories'
codeine tablets to healthy volunteers under fasted conditions.

1xISmg 1x30mg 1x60mg
385414533) | 812221309 | 167446904
125(3%) T 10139 1.00(34)

. {0.50~2.00] _ (050~2.50] [0.50— 1.50]
AUCO-) (hxng/ml) 1495449 (33) 308 £93.3 (34) 653%172(39)
AUCGaf) (h>ng/ml) 154 £45.1 (33) 3134953(33) 654156 (32)

1 02761 £0.0369 (33)} 02580 +:0.0329 (33)| 02041 £ 0.0634 (32)
255%034 (33) 273+£040(33) 3.76£1.26(32)
359+£034(33) 4344034039 508029 (34)
496£030(33) | 569:030034) | 6454026034

) L) __5.0040.29(33) 5.704030(33) GASx024 ‘
1 Arichanefic mcen & standsrd devistion (N) except for Tmax for which the medias (N) [Raage] is
reposted.




Table 1.3.2.1.2: Statistical comparison of pharmacokinetic parameters for codeine after
oral administration of 1 x 15 mg, 1 x 30 mg and 1 x 60 mg doses of Roxane Laboratories’
codei:_xe tablets to healthy volunteers under fasted conditions.

: Geometric Mean Ratio (%)’ Within Subject
1x15mgvs.1x30mg

Cmax 95.04 8828 - 10232 1814
AUCO) 951 e - 103 1166 -
AUC(inf) 9838 9376 -—» 1823 11682
1x15mgvs. I1x60mg

Cmax 90.88 8442 -» NA 18.14
AUC(01) 8993 8575 -» MR 11.66
AUC(inf) 9258 8819 —-» 9118 11.62
1x30mg vs. 1 x60mg

Coax 95.62 2890 - 10235 18.14
AU01) 93.18 8890 —» 9767 | 1166
|_AUCGED oo | e o> wm| ue

'Mamammwu&mnhwuu

Figure 1.3.2.1.3: Relatlonshxps between the mean Cmax and AUC(inf) of codeine and
the dose of codeine after oral administration of 1 x 15 mg, 1 x 30 mg and 1 x 60 mg doses

of Roxane Laboratories' codeine tablets to healthy volunteers under fasted conditions.
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Further, the increases in Cmax, AUC(0-t), and AUC(inf) after oral administration of 1 x
15mg 1x30mg,and 1 x 60 mg doses of Roxane Laboratories’ codeine tablets were
dose linear with respect to the other two metabolites measured, morphine and M6G.

1.3.2.2 Food Effect

Study CODE- T60-PVFS/FD-1 assessed the effect of food on the absorption of codeine
from a 60 mg codeine sulfate tablet employing the Agency recommended high-fat
breakfast.

Mean plasma concentrations of codeine after administration of Roxane Laboratories’
Codeine Sulﬁtemmgmbletwmoomparableaﬁeradminismﬁonmderfedandfasted
conditions. There was a 50% increase in the median Tmax, from 1.00hto 1.54 h (Table
1.3.22.1), and an 11% decrease in Cmax, suggesting a slight decrease in the rate of
absorption under fed conditions. However, the 90% confidence intervals for Cmax,
AUC(0-t), and AUC(inf) were within the 80% to 125% equivalence window (Table
1.3.2.2.2), demonstrating no effect of food on the bicavailability with respect to
codeine.

Table 1.3.2.2.1.: Summary of pharmacokinetic parameters for codeine after oral
administration of Roxane Laboratories' Codeine Sulfate Tablet 60 mg to healthy
volunteers under fed and fasted conditions.

Pamamster Pasted Fed
Cmax (ng/ml) 167 +£54.0 (36) 149492 (36)
Tmax (b) 1.00 (36) 1.54 (36)
[0.50— 2.50] - [025-400)
AUC(O-t) (bxng/nil) 6294175 (36) 711 +211 (36)
AUC(inf) (hxng/ml) 639 175 (36) 720+212 (36)
Az@) 0.2163 4 0.0490 (36) | 02174+ 0.0436 (36)
t% (h) 3.4140.93 (36) 333£0.75(36)
La(Comx) 5.064 0.35 (36) 495036 (36)
La[AUC(0-)] 6.41 4 0.2836) 6.52+032(36)
LafAUC(nf)] .| 642+027(36) 6.534031 (36

_’Aﬁmﬁcmimﬁddmmwﬁt‘fmﬁrmmﬂ
* medisn (N) [Range] is reported.



Table 1.3.2.2.2.: Statistical comparison of pharmacokinetic parameters for codeine after
oral administration of Roxane Laboratories’ Codeine Sulfate T: ablet 60 mg to healthy
volunteers under fed and fasted conditions.

Parametar Estimate 90% Confidence Interval
Cmax 89.34 81.18 - 9331
AUCO-) 111.98 10527 - 1912
AUC(nf) . 113 | 10520 —» 11886

'Based on anslysis of natural log-transformed data.
1.3.2.3 Multiple-Dose Pharmacokinetics

"Study CODE-T15-PVFS-1 characterized the steady-state pharmacokinetics of codeine

and its metabolites morphine, M3G, and M6G after oral administration of Roxane
Laboratories' codeine sulfate tablets administered at a dose of 15 mg Q4H x 5 days.

1323.1 Attainment of Steady State

The mean pre-dose plasma concentrations for all the four moicties measured were
relatively constant from Day 3 - 48 hours after beginning dosing and 48 hours prior to the
steady-state day - through the last dose on Day 5 (Figure 1.3.2.3.1.1). This indicates that
steady-state had been reached by Day 3.

Fiéure 1.3.2.3.1.1.: Mean + standard deviation pre-dose plasma concentrations of codeine
during oral administration of Roxane Laboratories' 15 mg codeine sulfate tablets Q4H x 5
days tablets to healthy volunteers.
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13232

Pharmacokinetics at Steady State

The mean plasma concentration-time profiles for all the four moieties measured were
relatively consistent across the six doses administered on Day 5 (Table 1.3.2.3.2.1)

Table 1.3.2.3.2.1..: Summary of Cmax, Tmax, and AUC (0-4) for codeine, morphine,
M3G, and M6G for individual doses on Day 5 during oral administration of Roxane
Laboratories' 15 mg codeine sulfate tablets Q4H x 5 days tablets to healthy volunteers.

Pacameter’ Codeine Morphine M3G _M$G _
First Dose .
Caux ) 683£27.8032) | 190£1.08(32) | 512+£252(32) | 945243332
Tmax 1502 1332 15032 1502
AUC (hxng/mL) 216883 (32) | 21638+393(32)| 216+101(32) | 2164%163(32)
Second Dose
Cmax (ng/mL) 702227702 | 203413332 | 50832261032 | 9.19+443(32)
Tmex (b 50032) 45(32) 30032 50032
T::cwu.) 184:762(32) | 490+3.16(32) | 165+857(2) | 2992147(32)
Cmax (ogfml) 556:229032) | 176210132 | 5322272(2) | 1052527(2)
Tmax 9.0(32) 35032 9.0(32) 9.5(32)
.‘:,".f"”“""""’ 156727032 | 507+327(32) | 1711£892(32) | 323x163(2)
Doss
Camax (ng/mL) 539:24002) | 17111932 | 49.1x2540(32) | 953:478(GY
Tmax (h)* 135032 13.5(32) 140 (32) 14.0 (32)
m;pgmwm:.) 154:709(32) | 536+3.63(32) | 165+866(32) | 31.0:156(2)
Cmax ) 512+159032) | 1.86%121(32) | 5302269(32) | 102438(32)
Tmax () 17502 17332 17502 17532
AUC (lomg/mL) 1644+59.1(32) | 6.10:399(32) | 1814957(32) | 34.1x172(32)
|Sixth Dose
Cmax (ng/ml) 6234£280032) | 228214432 | 573%303(32) | 1083%539(2)
Tmax (b)* 21.5(32) 20.5(32) 213(32) 21.5(32)
AUC (loag/ml) 191+87,132) | 691£436(32) | 192103032 | 352+17.5(32)

$ Arithmetic mean + standaed deviation (N) except for Tmax for which the medisa (N) [Rasgs] is seported.
3max relstive 1o the first doss on Day 5.

1.3.2.4 Relative Bioavailability

Study CODE-T30-PVFS-1 assessed relative bioavailabilty of codeine from codeine
sulfate 30 mg tablets to reference product Tylenol® #3 (acetaminophen 300 mg with
codeine phosphate 30 mg) under fasted conditions.

Difference in Base Content of Codeine:

Roxane Laboratories' Codeine Sulfate 30 mg tablet contains '~ of codeine base b{(4)




while Tylenol® #3, with 30 mg of Codeine Phosphate, contains-————.of codeine b(@}
base. This difference, approximately—, was not taken into account in the statistical
comparisons conducted by the sponsor.

Mean plasma concentrations of codeine after administration of Roxane Laboratories'
Codeine Sulfate 30 mg tablet and Tylenol® #3 (Codeine Phosphate 30 mg) were
essentially super imposable despite the____ difference in base content. Mean values for all
kinetic parameters were comparable for both formulations with geometric mean
ratios for Cmax, AUC(0-t), and AUC(inf) of approximately 100% (Table 1.3.2.4.2). All
of the associated 90% confidence intervals were within the 80% to 125% equivalence
window (Table 1.3.2.4.2), demonstrating bioequivalence between products with
respect to codeine. After inspection, Division of Scientific Investigations in their final
assessment recommended that the study results can be accepted.
Table 1.3.2.4.1.: Summary of pharmacokinetic parameters for codeine after oral

administration of Roxane Laboratories’ Codeine Sulfate Tablet 30 mg and Tylenol® #3
(Codeine Phosphate 30 mg) to healthy volunteers under fasted conditions.

1

Parameter Roxane 30 mg Tylenol #3

|Cmx (ng/ml) 72:23934) 70.1+£21.9(36)

Trmax(h) 125G 1256
[0.50-2.50] [0.50--3.00]

AUCO-t) (oang/ml) 28298034 272:484.8 (36)
AUCGnf) (h>ag/ml) 289::98.6(34) 2794863 (36)

az@™) | 02580:0.0448 (30 | 02620 £0.0419 36
YD) 2.77 051 (34) 2714043 (36)
La(Croax) 4212034 (34) 420031 (36)
LafAUQ0-)] 5.58:035(349) 556031 (36)
LofAUC(nD] 5.61 034 (34) 5.59+0.30 (36)

! Arithmetic mean + stendard deviation (N) except for Tmax for which the
median (N) [Range] is reported.

Table 1.3.2.4.2.: Statistical comparison of pharmacokinetic parameters for codeine after
oral administration of Roxane Laboratories’ Codeine Sulfate Tablet 30 mg and Tylenol®
#3 (Codeine Phosphate 30 mg) to healthy volunteers under fasted conditions.

 |___ Geometric Mean Ratio (%)’
Cmax 100.80 9406 -» 10802
AUC(0-t) 103.13 9829 -» 10821
AUC(inf) 10280 | 9s11 - 1007

'Based on analysis of natural log-transformed data.

10
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1.3.2.5 Dosage Form Bioequivalence

Study CODE-T60-PLFS-1 assessed the comparative bioavailability of Roxane
Laboratries’ codeine sulfate tablets after oral administration of 60 mg doses as 1 x 60 mg,
2 x 30 mg and 4 x 15 mg under fasted conditions. Study CODE-T60-PLFS-1 is also
considered to be developmental because an additional objective of this study was to
optimize the study design for a pivotal relative bioavailability study of the relative
bioavailability of the three tablet strengths.

Mean plasma concentrations of codeine after administration of 60 mg of codeine as 1x
60 mg, 2 x 30 mg, and 4 x 15 mg tablets were essentially super imposable. Mean values
for all pharmacokinetic parameters were comparable for all three treatments (Table
1.3.2.5.1) with geometric mean ratios for Cmax, AUC(0-f), and AUC(inf) of
approximately 100% for all comparisons (Table 1.3.2.5.2). Al of the associated 90%
confidence intervals were well within the 80% to 125% equivalence window (Table
1.3.2.5.2), demonstrating bioequivalence among the three tablet strengths with
respect to codeine.

Table 1.3.2.5.1.: Summary of pharmacokinetic parameters for codeine after oral
administration of 60 mg doses of Roxane Laboratories’ codeine tablets as 1 x 60 mg, 2 x

30 mg, and 4 x 15 mg tablets to healthy volunteers under fasted conditions.

lpam‘ 1x60mg | " 2x30mg 4x15mg
‘|omax (ng/mil) 169:465(18) | 157237908 | 192415019
Trnax(h) 1.13(19) 1.00(19) 1.00(18)

L [0.25-1.50] [0.50—2.00] {0.50-2.00]
AUC(0-4) (h>ag/ml) 614146 (189) 6244136 (18) 626+ 140 (18)
AUC(Gnf) (hxog/mL) 623 % 146 (1%) 633+136(18) | 634+141(18)

raz@™) 0.2358 + 0.0376 (18) | 0.2287+0.0391 (18)] 0.2162 + 0.0442 (18)
% () 301:049(18) | 3.11+052(18) | 334:071(18)
Ln(Coax) 509:029(18) | 503:023(18) | 5.03+026(18)
LafAUC(0-)} 639£026(18) | 641x021(18) | 6421023019
La[AUCGf)] 6412026018 | 643202108 | 6432023018

!Arithmetic mean & standard deviation (N) except for Tmax for which the median (N) [Range] is
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Table 1.3.2.5.2: Statistical comparison of pharmacokinetic paramcteré for codeine after
oral administration of60 mg doses of Roxane Laboratories' codeine tablets as 1 x 60 mg,
2 x 30 mg, and 4 x 15 mg tablets to healthy volunteers under fasted conditions.

1

oan Within Subject

Im Estiomte | 90% Confidence Intesval CV (%)
2x30mg vs. 1 x60mg . -

Comax 94.06 8498 — 10410 18.11

AUCO0-t) 10246 -9465 - 11090 14.10

AUCGnf) 10243 946 — 11030 1398
4x150g vs. 1 x6Omg

Coax - 94.12 8304 — 10416 i1t .

AUCOY 10258 9474 — 11101 14.10

TAUC@nD - 102.24 94.51. - 11059 13.98

4x15mg vs.2x30mg

Cmax 100.06 %041 — 11074 1811

AUCO-) 100.09 9247 — 1083s 14.10
|_AUCKiaf) 99.81 9227 -—» 107.97 .13.98

‘B.dumly&dmw&

1.4  Special Populations:

No formal studies were conducted in special population in this NDA. However, based on
historical data, clinical experience, and the well know metabolic and excretion pathways
of codeine and its metabolites, the sponsor included in the draft labeling a language
similar to that already in Tylenol® #3 (acetaminophen 300 mg with codeine phosphate
30 mg) approved label to caution the use of codeine morphine in pregnant and nursing
women as well as for patients with hepatic or renal insufficiency (see also QBR section).

1.5  Pediatric Indication:

In the pre-IND meeting held on September 12, 2006 (IND # 74,041), the sponsor was

e —— T Tty

advised that the

‘= A pediatric plan submitted by the sponsor on January 29, 2009

as follows:

F sunimarized

1. Objective: to evaluate the efficacy, safety, and pharmacokinetics (after single and

multiple-doses) of immediate release codeine sulfate in a pediatric popul
with { —————————————  An age-appropriate formulation will

for the younger pediatric subjects.
2. Three (3) studies will be conducted with subjects divided into the following age

groups: 1 month — 2 years, 2 years — 12 years and 12 years - -

= v -

3. Efficacy studies will be designed as superiority trials.
4. A deferral for the pediatric studies was requested until after approval of codeine
for the adult indication.

5. The estimated timeline is as follows:

12

b(4)

boused D(4)

b(4)



Study Protocol Study Initiation Final Report
Number Submission Submission
Study #1 November 2009 April 2010 October 2011
Study #2 January 2010 June 2010 December 2011
Study #3 May 2010 QOctober 2010 April 2012

The Division presented the agreed upon Pediatric Plan to PeRC on March 11, 2009.
Concurrence was obtained from the committee at that time.

1.6  Overall Summary aund Conclusions:

Theextentandrateofexposmeofcodeinewasdosepmporﬁonalaﬁeroml
administrationoflxISmg,1x30mg,andlxmmgdosasofCodeineSulfateTablets.

Oral administration of Codeine Sulfate Tablet 60 mg under fed conditions resulted in no
clinically significant change in the rate or extent of absorption of codeine when compared
to fasted conditions.

Oral administration of Codeine Sulfate Tablet 15 mg Q4H x 5 days resulted in steady-
state plasma concentrations of codeine within 48 hours. Mean plasma concentrations and
mean values for Cmax and AUC(0-4) for codeine were consistent across the six
individual doses on Day 5. Codeine comprised the largest portion of circulating material
(~55%) followed by M3G (~36%), M6G (~6%), and morphine (~2%) respectively.

Codeine Sulfate Tablet 30 mg was bioequivalent to reference product Tylenol® #3
(Codeine Phosphate 30 mg) with respect to codeine.

Afier oral administration at a total dose of 60 mg, the 15 mg, 30 mg, and 60 mg codeine
sulfate tablets demonstrated formulation bioequivalence with respect to codeine.

Overall, there are no approval related Clinical Pharmacology and Biopharmaceutics
issues with this product.

13



2. Question Based Review

2.1  General Attributes/Background:

2.1.1 What pertinent regulatory background or history contributes to the current
assessment of the clinical pharmacology and biopharmaceutics of this drug?

The 505(b) (2) NDA 22-402 for Codeine Sulfate Tablets was submitted to the Agency on
July 1, 2008.

1980s: Roxane has marketed Codeine Sulfate Tablets, USP, 15 mg, 30 mg, and 60 mg for
the relief of mild to moderate severe pain since the early 1980s.

Jauuary 24, 2007, Type-B Meeting: The FDA agreed that a 505(b)(2) application could
be submitted for Codeine Sulfate Tablets, USP, 15 mg, 30 mg, and 60 mg. For additional
details, see the meeting minutes dated February 8, 2007 under IND 75,764. The safety of
Roxane’s codeine sulfate tablets would be supported by the Agency’s previous findings

of safety for Orange Book Listed Tylenol® with Codeine # 3 product. Agency agreed
that Tylenol® with Codeine # 3 may be an acceptable reference to support the safety as
long as 1) the codeine doses used in the combination product are the same or higher doses
than used in the proposed doses of the codeine sulfate oral tablets, and 2) as long as the
pharmacokinetics of codeine in the reference product are similar to those of Roxane
Labs’ codeine.

2.1.2 'What are the highlights of the chemistry and physical-chemical properties of
the drug substance, and the formulation of the drug product as they relate to
clinical pharmacology and biopharmaceutics review?

Codeine Sulfate is a trihydrate Crystalline powder or crystals. One gram of codeine
sulfate dissolves in 30 ml water, 6.5 ml water at 80° or 1300 ml alcohol. Codeine is
insoluble in chloroform or ether (Merck Index). The pka of codeine is 8.2 (Casarett &
Doull, 1980).

Codeine Sulfate USP active pharmaceutical ingredient has a molecular formula of

(C1sH2iNOs)2 H2SO; 3H,0 and the chemical name is Morphinan-6-ol, 7, 8-didehydro-4,
5-epoxy-3-methoxy-17-methyl-,(Sa, 6a)-, sulfate (2:1) (salt), trihydrate

H,S0, " 31,0

14



2.1.3 What are the proposed mechanism(s) of action and therapeutic indication(s)?
Mechanism of Action:

Codeine sulfite is an opioid analgesic, related to morphine, but with less potent analgesic
properties. Codeine is selective for the mu receptor, but with a much weaker affinity than
morphine. The analgesic properties of codeine have been speculated to come from its
conversion to morphine, although the exact mechanism of analgesic action remains
unknown.

Indications:
Codeine sulfate tablets are indicated for the relief of mild to moderately severe pam.
2.1.4 What are the proposed dosage(s) and route(s) of administration?
Codeine Sulfate Tablets: 15 mg, 30 mg, and 60 mg.
e Usual adult dosage: 15 to 607115upto evefy4homshsneeded_nottoexceed360
mg per day.
] Dosesabove60mgmayfailtogivecommensumtepainrelic£andmaybe
associated with an increased incidence of undesirable side effects.
2.1.5 What is codeine sulfate to-be-marketed formulation?

Codeihe Sulfate Tablets, USP, 15 mg, 30 mg and 60 mg will be manufactured and
packaged in bottles of 100 tablets (30 mg and 60 mg) and 25 tablets x 4 unit dose blisters
(15 mg and 30 mg).

Each 15 mg tablet for oral administration contains: codeine sulfate 15 mg and is a white,
biconvex tablet scored on one side with “15” debossed on the scored side and product
identification “54 613" debossed on the other side.

Each 30 mg tablet for oral administration contains: codeine sulfate 30 mg and is a white,
biconvex tablet scored on one side and product identification “54 783" debossed on the
other side.

Each 60 mg tablet for oral administration contains: codeine sulfate 60 mg and is a white,

_ biconvex tablet scored on one side and product identification “54 412” debossed on the

other side.

22  General Clinical Pharmacology

2.2.1 What are the design features of the clinical pharmacology and clinical studies
used to support dosing or claims?

15



In this NDA, five studies conducted by the sponsor were submitted. The pivotal study is
the BE study to determine bioavailability of the proposed codeine sulfate tablets to the
referenced Tylenol® with Codeine # 3 tablets (Study T30-PVFS-1).

The other four studies include a dose proportionality study, a food effect study, a steady
state study and a dosage form equivalence study.

No new clinical studies were conducted by the sponsor in support of this product. The
approval of this product relies on the bioavailability comparisons with the approved
Tylenol® with Codeine # 3 tablets and historical data summarized from the literature.

No biological biomarker was used in this.NDA. All data in this NDA were presented as
comparative PK.

222 What are the known PK characteristics of codeine and its metabolites?

Cytochrome P-450 2D6 is the major enzyme mediating O-demethylation of codeine to
morphine. Appmximately%%ofﬂletomldoseofeodeineisexaetedthmughthe
kidneys, of which approximately 10% is unchanged codeine. Codeine has been reported
to have an apparent volume of distribution of approximately 3-6 L/kg, indicating
extensive distribution of the drug into tissues. About 7-25% of codeine, reportedly, is
bound to plasma proteins.

From the studies submitted in this NDA, maximum plasma concentrations of codeine are
observed at about ~1 h and the half-life of codeine in plasma is about 2-4 h. :

Codeine is metabolized by Phase 1 UGT, CYP2D6 and CYP3A4 enzymes to a variety of
metabolites (Shown in Figure below).
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The major metabolites of codeine are: codeine-6-glucuronide (a UGT metabolite-
approximately 70-80% of administered dose), morphine (a CYP2D6 metabolite-
approximately 5-10% of administered dose) and norcodeine (a CYP3A4 metabolite-
approximately 10% of administered dose). Morphine is further metabolized by
conjugation with glucuronic acid to morphine-3-glucuronide (M3G) and morphine-6-
glucuronide (M6G). As agreed in the pre-IND meeting, the sponsor characterized the
parent drug codeine, active metabolite morphine and its two metabolites, M3G and M6G
in the plasma samples.

| From the studies submitted in this NDA, morphine was found to exhibit maximum
plasma concentrations within 30-60 min of oral administration and its half life was
observed to be 2-3 h.
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2.23 Exposure Response

2.2.3.1 What are the characteristics of the exposure-response relationships for
efficacy? :

No formal PK/PD study was conducted in this NDA to establish the relationship between
exposure and response/efficacy.

2232 What are the characteristics of the exposure-response relationships for
safety?

No formal PK/PD study was conducted in this NDA to establish the relationship between
exposure and safety. . '

2.2.3.3 Does this drug prolong the QT or QTc¢ Interval?

No formal QT¢ study was conducted in this NDA to establish the effect of morphine on
QTec.

2.2.4 What are the PK characteristics of the drug?

2.2.4.1 What are the single and multiple dose PK parameters of codeine? How do
the PK parameters change with time following chronic dosing?

General PK: Codeineismdﬂyabsorbedﬁomﬂlegas&ointcsﬁnalnact“ﬁmmaximum
plasma concentration occurring 60 minutes post administration. At therapeutic doses, the
andgasiceﬁectreachmapeakwiﬁinZhandpersistsbetween4and6h

Single dose PK: Following smgle oral dose administration of codeine in healthy
volunteers, codeine reached maximum plasma concentrations within ~1-2 h. Plasma half
life of codeine was found to be 2-4 h in the studies submitted in this NDA.

Multiple dose PK: After a 15 mg Q4H x 5 days administration of codeine sulfate in
healﬂly volunteers (Study CODE-T15-PVFS-1), the exposure levels of codeine after all
the six doses administered on the fifth day were comparable indicating no significant
changes in PK parameters of codeine after chronic dosing (See individual study reviews).

2.2.4.2 Are the PK of codeine and its metabolites linear and dose-proportional?

In the Study CODE-T15-30-60-PVFS-1 conducted by the sponsor to determine the dose
proportionality between 15 mg, 30 mg and 60 mg tablets after a single dose in healthy

subjects after fasting conditions, the plasma concentrations of codeine and its metabolites -

increased in proportion to the increase in dose

Mean plasma concentrations of codeine after administration of codeine as 1 x 15mg, 1 x
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-



30mg,and 1 x60mgtabletsmcrwsedmpropomontothemcrwse in dose. Mean values
for Cmax, AUC(0-t) and AUC(inf) also increased in pmportnon to dose (Table 2.2.4.2.1).
The associated 90% confidence intervals for all comparisons among tablet strengths were
within the 80% to 125% equivalence window (Table 2.2.4.2.2), demonstrating dose
pmporhonalﬂyamngthethreetabletshengthsmﬂnrespeettoeoddne.]‘he
linearity is further illustrated in Figure 2.2.4.2.3 (log plots of the mean Cmax and
AUC(inf) versus dose were linear with slopes of 1.06 and 1.04, respectively).

Table 2.2.4.2.1. Summary of pharmacokinetic parameters for codeine after oral
administration of 1 x 15 mg, 1 x 30 mg and 1 x 60 mg doses of Roxane Laboratories’
codeine tablets to healthy volunteers under fasted conditions.

1x15ny _1x30mg 1x60mg

385:145(33) | 812+£273(39) 167:469(34)
12533 10139 100 (34)
[0.50-2.00] _ [0.50-2.50) {0.50— 1.50
149£449(33) 308£933 (39 63 172(38)
154£45.1(33) 313+953(33) 654156 (32)
"1 02761 £0.0369 (33)] 02580+ 0.0329 (33)] 02041 +0.0634 (32)
2,55:+034 (33) 273£040033) 3.76:126(32)
3.99%0.34(33) 434403439 5.08:029(34)
496:030(33) | 569£030(349) | 645+026(39)
500029 (33) 5.70+03003) 645:0.24 (32)

’Mm*wmmmhrmhmmnﬁ-mmu

Table 2.2.4.2.2. Statistical comparison of pharmacokinetic parameters for codeine after
oral administration of 1 x 15mg, 1 x30mgand 1 x&mgdomofRomeLabomtones
codeine tablets to healthy volunteers under fasted conditions.

. Estinate | 90% Confidencolnterval]  CV(%) |
1x15mgvs.1x30mg )
Cmax 9504 8828 ~» 1232 1314
AUC(0-1) 96.51 20 - 10123 11.66
AUC(inf) 9838 NnwE -» 10323 11.62
1x15Smgvs. I x60mg
Cmax 90.88 unL -» 9IN 18.14
AUC(04) 8993 875 —-» M2 11.66
AUC(af) 92.58 8819 ~» 918 1L62
1230mgvs. 1 x60mg
Coax 95.62 8390 —»> 10285 18.14
AUQ04) ’ 93.18 8890 —-» 9967 11.66
9410 | %963 - 987 1.62

'Mamdmwm&mmumuum
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Figure 2.2.4.2.3. Relationships between the mean Cmax and AUC(inf) of codeine and the
dose of codeine after oral administration of 1 x 15 mg, 1 x 30 mg and 1 x 60 mg doses of
Roxane Laboratories' codeine tablets to healthy volunteers under fasted conditions.

1000

Omn(nml-)orAl?C(int) (hxng/mL)
8

Cmax
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! = 1.000
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10 100
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Further, the increases in Cmax, AUC(0-t), and AUC(inf) after oral administration of 1 x
15 mg, 1 x 30 mg, and 1 x 60 mg doses of Roxane Laboratories' codeine tablets were
dose proportional with respect to M3G and dose linear with respect to the other two
metabolites measured, morphine and M6G (See individual study reviews).

23 Intrinsic factors

23.1 Does age, weight, race, or disease state affect the PK of the drug? What
' dosage regimen adjustments are recommended for the subgroups?

No formal studies were conducted in special populations in this NDA.

Based on historical data, clinical experience, and the well known metabolic and excretion
pathways of codeine and its metabolites, the sponsor proposed in the drafi labeling that
caution should be exercised when administering codeine in patients with hepatic or renal
insufficiency. No formal studies have been conducted in patieats with hepatic impairment -
so the pharmacokinetics of codeine sulfate in this patient population are unknown. Based
on some literature reports, clearance may be reduced and half-life increased and the

" metabolites codeine glucuronide, morphine, and morphine glucuronide may accumulate
to much higher plasma levels compared to patients with normal renal function after
multiple doses of codeine are administered.
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Furthermore, based on extensive clinical experience, literature reports and their own
experience with Morphine Sulfate Tablets, the sponsor included a language in the
proposed label to reflect the following:

e The safety and effectiveness and the pharmacokinetics of Codeine Sulfate Tablets
in pediatric patients below the age of 18 have not been established.
e Sedating drugs may cause confusion and over-sedation in the elderly. In general,
dose selection for an elderly patient should be cautious, usually starting at the low
end of the dosing range, reflecting the greater frequency of decreased hepatic,
renal, or cardiac function, and of concomitant disease or other drug therapy.
] Codeincissecretedintohumanmilk.lnwmnenwiﬂmmmaloodeinemetaboﬁsm
(normal CYP2D6 acﬁvity),theamountofcodeinesecretedintohumanmilkis
low and dose-dependent. Caution should be exercised when codeine is
administered to a nursing woman — — b4

&

- ———————  The risk of infant exposure to codeine and morphine
ﬂnoughbreastmilkshouldbeweighedagainstdlebeneﬁsofbmastfeedingfor
both the mother and the baby.

] Aswithotheropioids,codeinesulfateshouldbeusedwiﬂwauﬁonineldeﬂyor
debilitated patients

e Codeine sulfate should be used during pregnancy only if the potential benefit
justifies the potential risk to the fetus.

e Codeine sulfate is metabolized to pharmacologically active metabolites by the
cytochrome P-450 2D6 and 3A4 isoenzymes. The prevalence of the CYP2D6
phenotypevarieswidelyandhasbeenestimatedatO.Stol%inChinmand
Japanese,O.Stol%inHispanics,ltolO%inCatmsians,3%inAﬁ'ican
Americans,and16toZ8%inNorﬂxAﬁicans,Ethiopians,andAmbs.Dataarenot
available for other ethnic groups.

Regarding the sponsor’s proposed plan to study this product in the pediatric population,
Roxane Labs has requested a deferral of pediatric studies until after approval has been
granted for codeine sulfate products in adult patients in accordance with 21 CFR

314.55(b) Deferred Submission. This pediatric deferral is requested for the following b ( 4}
pediatric populations: infants (> 1 month to <2 years), children (= 2 years to < 12 years)
and adolescent (> 12 yearstc .~ [ - The sponsor requests deferral of all pediatric '
ages until after the approval has been granted for oral codeine sulfate tablets (15, 30 and b{4)

60 mg), after which, the sponsor proposes to study the pediatric populatiop——
17 years of age.

In the pre-IND meeting held on Septémber 12, 2606 (IND# the sponsor was
advised that th: & - b(4)
—

A revised pediatric plan was submitted to the Division on January 29, 2009 which is
summarized as follows:
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6. Objective: to evaluate the efficacy, safety, and pharmacokinetics (after single and
multiple-doses) of immediate release codeine sulfate in a pediatric population
with — . An age-appropriate formulation will be used
for the younger pediatric subjects.

7. Three (3) studies will be conducted with subjects divided into the following age
groups: 1 month —2 years, 2 years — 12 years and 12 years— __——

8. Efficacy studies will be designed as superiority trials.

9. A deferral for the pediatric studies was requested until after approval of codeine

for the adult indication.
10. The estimated timeline is as follows: |
Study Protocol Study Initiation Final Report
Number Submission Submission
Study #1 November 2009 April 2010 October 2011
Study #2 January 2010 June 2010 December 2011
Study #3 May 2010 October 2010 April 2012

The Division presented the agreed upon Pediatric Plan to PeRC on March 11.
Concmencewasqbtaimdﬁ'omtheoommitteeatthattime.

2.4  Extrinsic factors

241 What extrinsic factors (drugs, herbal products, diet, smoking, and alcobol
use) influence exposure and/or respomse and what is the impact of any
differences in exposure on pharmacodynamics?

The effects of herbal products, smoking and alcohol on codeine use were not evaluated.
However, based on the clinical experience other CNS depressant drugs such as alcohol,
other opioids or illicit drugs may have additive effect on codeine. The sponsor conducted
a specific study to investigate the effect of food on the PK of IR tablet. This will be
discussed in the next section below.

2.5  General Biopharmaceutics

2.5.1 What is the BCS Class classification for codeine?

This information is not available.

252 What is the effect of food on the BA of codeine?

In a Study CODE- T60-PVFS/FD-1 conducted by the sponsor to investigate the effect
of presence of a high fat (approximately 50% of total caloric content of the meal), high
calorie (approximately 1000 calories) meal on the PK of Roxane Laboratories’ 60 mg
codeine sulfate tablet, presence of food was not found to alter the PK of codeine.

Mean plasma concentrations of codeine after administration of Roxane Laboratories’

b(4)
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Codeine Sulfate 60 mg tablet were comparable after administration under fed and fasted
conditions. There was a 50% increase in the median Tmax, from 1.00 h to 1.54 h (Table
2.5.2.1), and an 11% decrease in Cmax, suggesting a slight decrease in the rate of
absorption under fed conditions. However, the 90% confidence intervals for Cmax,
AUC(0-t), and AUC(inf) were within the 80% to 125% equivalence window (Table
2.5.2.2), demonstrating no effect of food on the bioavailability with respect to codeine.

Table 2.5.2.1.: Summary of pharmacokinetic parameters for codeine after oral
administration of Roxane Laboratories' Codeine Sulfate Tablet 60 mg to healthy
volunteers under fed and fasted conditions.

W' Fasted Fed

Cmax (ng/rl) 167 +54.0 (36) 1494492 (36)

Troax () 1.00 (36) 1.54(36)
[0.50-250] - [0.25 - 4.00]

AUC(O-4) (ag/nil) | 629175036 711211 (36)
AUC(nS) (hxng/ml) 639+ 175 (36) 720+ 212 (36)

Az @) 0.2163 : 0.0490 (36) | 02174 0.0436 (36)
tis (h) 3.41£093(36) 333:0.75(36)
Lo(Cmax) 5.06+ 0.35 (36) 4,95 036 (36)
LafAUC(0-)] 6.41 £ 02836) 6.52+ 032 (36)
La[AUC(inf)] 6.42 4 0.27 (36) 6.53+031(36)
JArithmetic mean  standard deviation (N) except for Tmax for which the
median (N) [Range] is reported.

Table 2.5.2.2.: Statistical comparison of pharmacokinetic parameters for codeine after
oral administration of Roxane Laboratories’' Codeine Sulfate Tablet 60 mg to healthy
volunteers under fed and fasted conditions.

Geometric Mcan Ratio (%)’
Paramstor Estimate 90% Confidence Interval
Ceracx 89.34 8118 —» 9831
AUC(0-) 11198 10527 - 11912
AUCGnf) s 10520 -—» 11886

Based on anslysis of natural log-transformed data.

The same trend was seen for metabolites morphine, M3G and M6G (See individual study
review for details).
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2.53 Was the to-be-marketed formulation used in the PK/Clinical trials?

For tablets, per the sponsor, all lots were manufactured using the same formula,
manufacturing site, equipment and process. There are no differences in the manufacturing
process or equipment between the commercial/registration lots used in the biostudies.

254 What are the biopharmaceautical characteristics of the products?
The formulation compositions for tablets are shown in Table 2.5.4.1.

The 15 mg and 30 mg tablets are not compositionally proportional. Microcrystalline
Cellulose, NF was reduced by ——— in the 30 mg tablet to keep the tablet weight M&)
constant (Table 2.5.4.1). However, the 30 mg and 60 mg tablets are compositionally
proportional. There were no differences in the manufacturing process or equipment

between the commercial/registration lots used in the biostudies and the historical

commercial lots.

Table 2.5.4.1. Codeine Formulation Composition For 15 mg, 30 mg and 60 mg Tablets

. Quality Amount
Ingredients Purpose mg per tablet
1Smg 30 mg 60 mg
tablets tablets tablets
USP;
. . BIRI Spec.
Codeine Sulfute, USP m‘;::l‘;e # No. 150mg | 300mg | 60.0mg
, ¢ 6081700R-
. 01-02 ’ :
Microcrystalline B =7 i -1
Cellulose, NF " ~——— NF :
= _ :
Pregelatinized Starch, NF NF h@'}
Colloidal Silicon ’ ; .
Dioxide, NF | ~———— NF |
-‘ —_—
Stearic Acid, NF ~NF
Theoretical Tablet ] ;
Weight L 2 e >
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2.6 Analytical Section

Plasma concentrations of codeine, morphine, morphine-3-glucuronide (M3G), and
morphine-6-glucuronide (M6G) were measured using an LC/MS/MS method validated

under various different project codes by— . The method is applicable for the
quantitation of codeine within the nominal range of 1.00 to 100 ng/mL, morphine within

the nominal range of 0.200 to 20.0 ng/mL, morphine-38-glucuronide (M3G) within the
nominal range of 2.00 to 200 ng/mL, and morphine- 6B-glucuronide (M6G) within the

nominal range of 0.500 to 50.0 ng/mL from a 250-pL human plasma aliquot, containing

Table 2.6.1 Inter- and Intra- Assay Precision and Accuracy

Inter-Assay Intra-Assay
Analyte Precision | Accuracy | Precision | Accuracy
. (%) (%) (%) (%)
. -0.0522-
Codeine 2.79-7.24 121 0.328-12.0 -2.59-3.47
- Morphine 3.15-10.5 <3.33-.537 1.18-12.8 -9.23-3.29
Morphine-3- -3.56- ‘
! “de 2.61-5.85 0.0285 1.40-8.43 -4,01-2.31
Morphine6- | , s 701 | 0259264 | 1.50-107 | 4.60-5.88
| _glucuronide '
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42 Individual Study Reviews:

42.1. Study CODE-T15-30-60-PVFS-1: Dose Proportionality Study

Study title ' A single-dose, 3-period, 3-treatment, 6-
sequence, 3-way crossover study of the
dose linearity of Codeine Sulfate Tablets

Clinical site Cedra Clinical Research LLC
2455 N.E Loop 410 Suite 150
| San Antonio TX 78217
Principal Investigator _ Frederick A. Bieberdorf, M.D., CP1
Dosing dates Subjects 201 through 232 dosed on March
: 19, 2008, March 26, 2008, and April 02,

2008. Subjects 233 and 234 dosed on
March 26, 2008, April 02, 2008, and April

: 09, 2008.
Analytical site T
- b
— 4
Analytical Director pa———
Analysis dates April 18, 2008 — May 30, 2008
Objective:

To examine the dose linearity of Roxane Laboratories’ 15 mg, 30 mg, and 60 mg codeine
sulfate tablets under fasted conditions.

Study design:

Thirty-three of 34 study participants were administered a single 15 mg, 30 mg, and 60 mg
oral dose of all the following treatments in a randomized, sequenced fashion. Please note
that the randomization was changed in a protocol amendment sent to CEDRA by Roxane
Labs. dated February 8, 2008.

Treatment A: Codeine Sulfate (1 x 15 mg tablet)
Roxane Laboratories'

Lot # 079089A

Mfg Date: 09/19/2007

Treatment B: Codeine Sulfate (1 x 30 mg tablet)
Roxane Laboratories'

Lot # 757701A

Exp Date: October 2010
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Treatment C: Codeine Sulfate (1 x 60 mg tablet)

Roxane Laboratories'
Lot# 757627A

Exp Date: September 2010

Demographic Profile:

284469

282+68

282£638

Age Mean < SD
(ears) | Range 19.0 - 45.0 19.0- 450 19,0 - 45.0
Age <18 0 (0.00%) 0 (0.00%) 0 (0.00%)
Groups | 1840 30 (90.91%) 31 (91.18%) 31 (91.18%)
4164 3 (9.09%) 3 (3.82%) 3 (8.82%)
65-175 0 (0.00%) 0 (0.00%) 0 (0.00%)
>75 0 (0.00%) 0 (0.00%) 0 (0.00%)
Sex Female 10 (30.30%) 10 (29.41%) 10 (29.41%)
Male 23 (65.70%) 24 (70,59%) 24 (70.59%)
Race Asian 0 (0.00%) 0 (0.00%) | 0 (0.00%)
Black 12 {36.36%) 12 (35.29%) 12 (35.29%)
Caucasian 21 (63.64%) 22 (64.71%) - 22 (64.71%)
Hispanic 0 (0.00%) 0 {0.00%) 0 (0.00%)
Other 0(0.00%) 0 (0.00%) 0 (0.00%)
BMI Mean  SD 243+3.4 24433 244433
Gg/m") | Range 18.4 - 29.8 18.4-29.8 184-29.8
Height Mean + SD 173.0 % 10.0 172.8+9.9 172.8+99
(em) Range 153.5- 192.5 153.5- 192.5 153.5-192.5
Weight | Mean+ SD 727+11.1 7274109 7274109
¢2 Range 464 -94.6 46.4 - 94.6 464 - 94.6

Blood Samples for PK Analysis:

Blood samples were collected before dose and at 5, 10, 15, 30, 45 minutes, and 1, 1.25,
1.5,2,2.5,3,4,6, 8,10, 12, 16, 24, 30, 36, and 48 hours after dosing. Please note that

this is the finalized blood sampling schedule included in a protocol amendment sent to

CEDRA by Roxane Labs. dated February 8, 2008.

Bioanalytical Analysis:

Plasma concentrations of codeine, morphine, morphine-3-glucuronide (M3G), and
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morphine-6-glucuronide (M6G) were measured using an LC/MS/MS method validated
under the project code “EKR2” by-—— The method is applicable to the quantitation of
codeine within a nominal range of 1.00 to 100 ng/mL, morphine within a nominal range
of 0.200 to 20.0 ng/mL, morphine-38-glucuronide within a nominal range of 2.00 to 200
ng/mL, and morphine-68-glucuronide within a nominal range of 0.500 to 50.0 ng/mL and
requires a 250-uL human plasma aliquot containing sodium heparin. The lower limit of
quantitation was the lowest non-zero concentration level that was quantified with
acceptable accuracy and precision. For this validation, the lower limit of quantitation was
nominally 1.00 ng/mL for codeine, 0.200 ng/mL for morphine, 2.00 ng/mL for morphine-
38-glucuronide and 0.500 ng/mL for morphine-68-glucuronide.

PK and Statistical Analyses:

The pharmacokinetic and statistical analyses were done by *
r — B : AllPK
parameters were calculated using non-compartmental analysis. Only those plasma v
concenn'ationsequalmorgreaterthanﬂchOQs(oodeinc-lnymL;morphine-O.ZO
ng/mL; M3G - 2.0 ng/mL; M6G - 0.5 ng/mL) were used in the analysis. Actual sampling
times were used in all pharmacokinetic analyses.

Population for PK Analysis:

Thirty-four (34) subjects were enrolled into the study. Subject #214 did not retum for
Period 3 (1 x 15 mg) but was included in the analyses of the other two treatments. The
analysis population was therefore comprised of 34 subjects - 33 subjects completed all
three treatments and one (1) subject completed two of three treatments. For Subject #205,
all plasma morphine concentrations for all treatments and all plasma M3G and M6G
concentrations for the 15 mg and 30 mg treatments were lesser than LOQ. No
pharmacokinetic analyses were done for that subject for those analytes for those
treatments. '

a. Codeine

Mean plasma concentrations of codeine after administration of codeineas 1 x 15mg, 1 x
30 mg, and 1 x 60 mg tablets increased in proportion to the increase in dose (Figure
4.2.1.1). Mean values for Cmax, AUC(0-t) and AUC(inf) also increased in proportion to
dose (Table 4.2.1.2). The associated 90% confidence intervals for all comparisons among
tablet strengths were within the 80% to 125% equivalence window (Table 42.13),
demonstrating dose proportionality among the three tablet strengths with respect to
codeine. The linearity is further illustrated in Figure 4.2.1.4 (log plots of the mean Cmax
and AUC(inf) versus dose were linear with slopes of 1.06 and 1.04, respectively).
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Figure 4.2.1.1: Mean plasma concentrations of codeine after oral administration of 1 x 15
mg, 1 x30mg, and 1 x60mgdosesofRomeLaboratories'codeinetabletstohenlthy
volunteers under fasted conditions - linear axes.

Table 4.2.1.2: Summary of pharmacokinetic parameters for codeine after oral
administration of 1 x 15mg, 1 x30 mgand 1 x 60 mg doses of Roxane Laboratories'
codeine tablets to healthy volunteers under fasted conditions.

Parameter’ 1x1So% 1x30mg 1x60mg
Comax (ag/mil) 185414533 | 812+21300) | 16744690340
Trax(h) 125(3%) 101 (34) 1.00 (39

. {0.50--2.00}  [0:50-2.50) {0.50 1.50}
AUC(0-) (hxng/ml) 149244903 | 08+£9330349 653£172(34)
AUCGD (omg/ml) 154£451(33) | 3134953(3) 654+156(32)
hz@™) { 0.2761 00369 (33)] 0:2580 +0.0329 (33)| 02041 £ 0.0634 (32
‘ 255+034(33) | 273+040(3) 3.76+126(32)
359£034(33) | 434+034(34) | 508:02904)
496+£030033) | 56920300349 | 645+026(34)

LafA 50002903 | 57003003 | 645+024(2)

'Mmmtmdmm)whrwh'ﬁﬁbmﬁnm) [Range] is
reported.




Table 42.1.3: Statistical comparison of pharmacokinetic parameters for codeine after
oral administration of 1 x 15 mg, 1 x 30 mg and 1 x 60 mg doses of Roxane Laboratories’
codeine tablets to healthy volunteers under fasted conditions.

: Geometric Moan Ratio (%)’ | Within Subjoct
1x15mgvs. 1x30mg
Cmax _ 95.04 8328 - 10232 1814
AUC(0+) 9651 206 -» 10123 11.66
AUC(nf) 9838 876 - 1323 .62
{1x15mgvs.1x60mg
Cmax . '90.88 UL -» 9NHN 1814
AUCO-9) 8993 8575 —» 9432 11.66
AUC(nf) 92.58 8819 —» 918 1
1x30mg vs. 1 x60ng
Caax 95.62 8890 -» 10285 1814
AU 93.18 8890 - 9167 11.66
| AUC(ind) 94.10 2963 - 9879 1.62

'Mu.dyﬁldmﬂdbg&uﬁndhhnhwﬁﬂhbﬁc”um

Figure 4.2.1.4: Relationships between the mean Cmax and AUC(inf) of codeine and the
dose of codeine after oral administration of 1 x 15 mg, 1 x 30 mg and 1 x 60 mg doses of
Roxane Laboratories’ codeine tablets to healthy volunteers under fasted conditions.
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b. Morphine

Mean plasma concentrations of morphine after administration of codeine as 1 x 15 mg,

1 x30mg,and1x60mgtabletsincwasedinpropoﬁiontotheinmseindose(ﬁgure
42.1.5 - linear axes). Mean values for Cmax increased in proportion to dose (Table
4.2.1.6) and the associated 90% confidence intervals for all comparisons among tablet
strengths were within the 80% to 125% equivalence window (Table 4.2.1.7,
demonstrating dose proportionality among the three tablet stremgths with respect to
morphine. The linearity is further illustrated in Figure 4.2.1.8 (a log plot of the mean
Cmax versus dose was linear with a slope of 1.06). There were dose-related but
somewhat more than dose-proportional increases in AUC(0-t) and AUC(inf) (Table
4.2.1.7), with least squares geometric mean ratios for-the comparisons of the lower to the
higher doses ranging from 47% to 86% and associated 90% confidence intervals below
the 80% to 125% equivalence window (Table 4.2.1.7). This is also shown in Figure
4.2.1.8 in which the mean AUC(inf) versus dose was linear but with a slope of 1.26,
suggesting a greater than dose-proportional increase. The sponsor reasons that the more
than dose proportional increases in morphine concentrations observed with the different
dose strengths was most likely an artifact of the inability to follow morphine
concentrations for the same period of time at the 15 mg dose compared to the 30 mg and
60mgdosesraﬂ1erﬂmmauuenomlinearityinmephmmmkineﬁc&1hisexplmaﬁm
seems reasonable.

Figure 4.2.1.5: Mean plasma concentrations of morphine after oral administration of 1 x
15mg, 1x30mg,and 1 X 60 mg doses of Roxane Laboratories' codeine tablets to
healthy volunteers under fasted conditions - linear axes.
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Table 4.2.1.6: Summary of pharmacokinetic parameters for morphine after oral
administration of 1 x 15 mg, 1 x 30 mg, and 1 x 60 mg doses of Roxane Laboratories’
codeine tablets to healthy volunteers under fed and fasted conditions.

Parsmeter’ 1x15mg 1x30mg 1x60nmg ‘

Cmax(ng/ml) L08£070G2) | 24014203 | 468:28909)
Tmax(h) 0.66(32) 0.50(33) 075 (33

(025-2000 | [025-25%] | [025-125]
AUC(0-) (hong/ml) 289:251(32) | 825464133 | 199+12303)
 AUC(Gf) (oag/ml) 42%236(19) | 736£533(18) | 242+203(10

xaz(™) 02830 £ 0.0872 (19)| 0.2213 £0.0840 (18) | 0.1837 £ 0.1478(10)
t%4 (h) 265+£081(19) | 371%x176(18) | 825=728(10)
La(Conx) 010062032 0.66+:0.73 (33) 134£0.68 (33)
La[AUC(04)] 065:1.0932) | 192106(33) | 273+0.84(33)

, 132+ 048(19) 1.78+0.68 (18) 2,67 4£1.20(10)
1 Arithmetic mesn  standard doviation (N) except for Tmax for which the median (N) [Range] is
reported. _

Table 4.2.1.7: Statistical comparison of phaimacokinetic parameters for morphine after
oral administration of 1 x 15mg, 1x30mgand 1 x 60 mg doses of Roxane Laboratories'
codeine tablets to healthy volunteers under fed and fasted conditions.

Geometric Mean Ratio %) | Within Subject

[Parametor Estipmte _| 90% Confidencs Interval]  CV(%)
1x15mgvs.1x30mg

Cmax - 9042 8088 - 10108 27.18

AUCO4) ’ 66.99 5725 -» 7840 35.05

AUC(nf) 8647 M9 - 10696 7mn
1x15mgvs. 1 x60mg

Cmax 90.95 8137 - 10166 27.18

AUC(0-t) 4132 404 > 5537 39.05

AUC(in) 6196 | 5054 —» N4 21.72
1x30mg vs. 1 x60mg

Cooax 100.59 - 9012 - 11228 27.18

AUC(0-) 70.63 04 —» 248 3905

AUC(f) 78.60 5803 —» 10646 2172

15ased on analysis of satursl log-transformed data after oreulization % the 30 mg doso.
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Figure 4.2.1.8: Relationships between the mean Cmax and AUC(inf) of morphine and the
dose of codeine after oral administration of 1 x 15mg, 1 x 30 mg and 1 x 60 mg doses of
Roxane Laboratories' codeine tablets to healthy volunteers under fasted conditions.
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c. Morphine-3-glucuronide

Mean plasma concentrations of morphine-3-glucuronide after administration of codeine
as1x15mg, 1x30mgand1 x60mgtablelsincreasedinproporﬁontoﬂ1eincremein
dose (Figure 4.2.1.9 - linear axes). Mean values for Cmax, AUC(0-), and AUC(inf)
increased in reasonable proportion to dose (Table 4.2.1.10). The associated 90%
confidence intervals for all comparisons among tablet strengths for Cmax were within the
80% to 125% equivalence window (Table 4.2.1.11) and the slope of a log-log plot of the
mean Cmax versus dose was linear with a slope of 0.963 (Figure 42.1.12) ‘
dmonmaﬁngdoseﬁnuﬁtyamongthethmubletstmngthswithnspecttomc.
Although the lower limits of some of the 90% confidence intervals for AUC(0-t) and/or
AUC(inf) were less than 80.00%, a log-log plot of the mean AUC(inf) versus dose was
linear with a slope of 1.113 (Figure 4.2.1.12), suggesting a linear increase in exposure
with the dose of codeine.
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Figure 4.2.1.9: Mean plasma concentrations of M3G after oral administration of 1 x 15
mg, 1 x30mgand 1 x60mgdosesproxaneLaboratories'eodeinetabletstohealﬂxy
volunteers under fasted conditions - linear axes.
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Table 4.2.1.10; Summary of pharmacokinetic parameters for M3G after oral
administration of 1 x 15 mg, 1 x 30 mgand 1 x 60 mg doses of Roxane Laboratories’
codeine tablets to healthy volunteers under fasted conditions.

Papameter’ T _1xisng 1x0ng |  1x60mg

Corax(ng/ml) UELI55(Y | 469477(3Y | 93563304

Trax(h) 12502 125(33) 12504
[0.75—2.50] o75-25] |- (075-2.50]

AUCDO Gng/m) | 1354818G2) | 300x17703) |. 625+38604
AUC(nf) (hxag/ml) 12210103 | 321903@) | T0:0109

azh™) ) 0.1535 £ 0.0797 (23)] 0.0784 + 0.0455 (23) 0.0624 +:0.0431 28)
t% (h) 6332453(23) 1L1:4.7223) 13.1+385Q28) -
La(Crax) .3.084£051 (32) 367406433 426+0.86(34)
LafAUC(0-t)] . 4673079032 548+076(33) 6.14x103(34)

LafAUCGRD] s77+09Q) | S56sx076a) | 628+098
Aridimetic moen & staadard deviation (N) encept foe Tamax for which tho median (N) [Range] is
reported.
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Table 4.2.1.11: Statistical comparison of pharmacokinetic parameters for M3G after oral
administration of 1 x 15 mg, 1 x 30 mg and 1 x 60 mg doses of Roxane Laboratories’
codeine tablets to healthy volunteers under fasted conditions.

1

Geometric Mean Ratio Within Subject
|Parameter Estimate | 90% Confidence Interval CV(%)
1x15mgvs. [x30ng
Coex 101.60 955 -~ 10802 wn
AUC4) $5.00 7882 —» 9166 1823
AUC(inf) 382 7578 > . 20 18.59
1x15mgvs. 1 x60mg .
Crmax 101.92 9586 —» 10836 14.77
AUC(04) 7665 noey —» 866 ‘1823
AUC(nf) ‘8046 7291 > 3B 18.59
1x30mg vs. 1 x60mg :
Cmax 10031 9443 - 10657 1477
AUQ1) 90.18 8N > 9713 1823
| AvcGs | 9se0 ] e7m -» 0550} 189

'Based on analysis of nstural log-transformed dsts after nonmalization to the 30 mg dose.

Figure 4.2.1.12: Relationships between the mean Cmax and AUC(inf) of morphine-3-
glucuronide and the dose of codeine after oral administration of 1 x15mg, 1 x30mg,
and 1 x 60 mg doses of Roxane Laboratories’ codeine tablets to healthy volunteers under
fasted conditions. '

Cimax (ag/ml.) or AUC(inf) (ag/mL)
g
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d. Morphine-6-glucuronide

Mean plasma concentrations of morphine-6-glucuronide after administration of codeine
as1x15mg 1x30mg,and 1 x 60 mg tablets increased in proportion to the increase in
dose (Figure 4.2.1.13 - linear axes). Mean values for Cmax, AUC(0-t), and AUC(inf)
increased in reasonable proportion to dose (Table 4.2.1.14). The associated 90%
confidence intervals for all comparisons among tablet strengths for Cmax were within the
80% to 125% equivalence window (Table 4.2.1.15) and the slope of a log plot of the
mean Cmax versus dose was linear with a slope of 0.961 (Figure 4.2.1.16)
demonshaﬁngdoseﬁnuﬁtyamongthethreehbletstreng&swﬁlrespedtoMGG.
Although the lower limits of some of the 90% confidence intervals for AUC(0-t) and/or
AUC(inf) were less than 80.00, a log plot of the mean AUC(inf) versus dose was linear
with a slope of 1.144 (Figure 4.2.1.16), suggesting a linear increase in exposure with the
dose of codeine. '

. Figure 4.2.1.13: Mean plasma concentrations of M6G after oral administration of 1 x 15
mg, 1 x30 mg, and 1 x 60 mgdoscsofRoxaneLabomtia'codeinembletstohealthy
volunteers under fasted conditions - linear axes.
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Table 4.2.1.14: Summary of pharmacokinetic parameters for M6G after oral
administration of 1 x 15 mg, 1 x 30 mg and 1 x 60 mg doses of Roxane Laboratories'
codeine tablets to healthy volunteers under fasted conditions.

Parameter’ 1x15mg 1x30mg 1x60mg
Crmax (ng/mil) 5.16%321(32) 9.55::4.87(33) 19.5*12.9(34),
Tulx((:) 1.50(32) 1.50(33) 1.50(34)

ey | At | 0 | iZmsch
PA=143GY | 513+312

iuc(mt;((::glni.) 257%173@D | 596356(0) | 1254751@1)

az(™) 0.19740.1129 (ZN] 0.1242 £ 0.0918 (20)| 0.0916 3-0.0899 21)

sA0£411(2) | 8962610Q0 | 108=476Q1)

148 +£0.57(32) 2.124+:057(33) 275073 (34)

2.86+0.79(32) 3.20+077(33) 445090 (34)

300:07427) | 385207800 | 4530290l
‘Ammeﬁcm*mammmhhuﬁrwm“mmw“

Table 4.2.1.15: Statistical comparison of pharmacokinetic parameters for M6G after oral
administration of 1 x 15mg, 1 x30 mgand 1 x60mgdos&sofRoxaneLaboratones
codeine tablets to healthy volunteers under fasted conditions.

Geometric Mean Ratio (%)’ Within Subject

1x1Smgvs. [ x30mg :

Cmax 102.23 9666 —» 1812 1348

AUC(O+4) -82.18 7646 —» 8833 1243

AUC(@nf) 90.88 8220 —» 10048 18.03
1x15mgvs.1x60mg

Cmx 100.64 9516 — 10643 1348

AUC(0R) 7046 655 —» 71573 1143

AUC(inf) 8320 7485 - 9248 1803
1x30mg vs. 1 x60 mg :

Coax 9845 9316 - 10404 1348

AUCO-H) 85.74 984 - 9207 1743

AUCQnf) 91.55 22 - 10093 lm___ ‘

'MmWMMWMMMthmM
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Figure 4.2.1.16: Relationships between the mean Cmax and AUC(inf) of morphine-6-
glucuronideandthedoseofoodeineaﬁeroral administration of 1 x 15 mg, 1 x30 mg,
and 1 x 60 mg doses of Roxane Laboratones' codeine tablets to healthy volunteers under
fasted conditions.
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AUC Ratios:

The differences in the AUC(0-t) ratios for morphine-to-codeine (Figure 42.1.17), M3G-
" to-morphine (Figure 4.2.1.18), and M6G-to-morphine (Figure 4.2.1.19) after oral -
administration of 1 x 15mg, 1 x30 mg, and 1 x 60 mg doses of Roxane Laboratories'
codeine tablets were not statistically different. This indicates that the extent of
metabolism of codeine to morphine and then morphine to the two glucuronides was
not affected by the dose.
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Figure 4.2.1.17: Individual subject AUC(inf) ratios, of morphine-to-codeine, after oral
administration of 1 x 15mg, 1 x30 mg, and 1 x 60 mg doses of Roxane Laboratories’
codeine tablets to healthy volunteers under fasted conditions.
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Figure 4.2.1.18: Individual subject AUC(inf) ratios, of M3G to-morphine, after oral
administration of 1 x 15mg, 1 x30mg, and 1 x 60 mg doses of Roxane Laboratories'
codeine tablets to healthy volunteers under fasted conditions.
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Figure 42.1.19: Individual subject AUC(0-t) ratios, of M6G to-morphine, after oral
administration of 1 x 15 mg, 1 x 30 mg, and 1 x 60 mg doses of Roxane Laboratories'
codeine tablets to healthy volunteers under fasted conditions.
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Reviewer’s comments:

1. The increases in Cmax, AUC(0-t), and AUC(inf) after oral administration of 1 x
15mg, 1x30mg, and 1 x 60 mg doses of Roxane Laboratories' codeine tablets
were dose proportional with respect to the parent, codeine and major metabolite
measured, M3G.

2. The increases in Cmax, AUC(0-t), and AUC(inf) after oral administration of 1 x
15mg, 1 x30 mg, and 1 x 60 mg doses of Roxane Laboratories’ codeine tablets
were dose linear with respect to the other two metabolites measured, morphine
and M6G.

3. 15mg, 1 x 30 mg, and 1 x 60 mg doses of Roxane Laboratories' codeine tablets
can be considered dose proportional with respect to codeine or dose linear with
respect to all the four moieties measured.
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4.2.2. Study CODE- T60-PVFS/FD-1: Food Effect Study

Study title A single-dose, open-label, randomizeéd, 2-
treatment, 2-period, crossover study to
evaluate the effect of food on the
absorption of codeine from Roxane
Laboratories' Codeine Sulfate 60 mg tablets

Clinical site Cedra Clinical Research LLC

: 2455 N.E.Loop 410 Suite 150
San Antonio TX 78217

Principal Investigator Jolene K. Berg, M.D.

Dosing dates Period I: Jan 12 2008
Period 2: Jan 19 2008

Analytical site _— v
~ -3

. & 2
Analysis dates | February 27, 2008 — March 26, 2008
Objective:

To assess the effect of food on the absorption of codeine from Roxane Laboratories’ 60
mg Codeine Sulfate tablet.

Study design:

Thirty-six of 36 study participants were administered a single 60 mg oral dose of both the
following treatments in a randomized, sequenced fashion on January 12, 2008 and
January 19, 2008.

Test Product: Treatment A
Fasting conditions

Codeine Sulfate (1 x 60 mg tablef)
Roxane Laboratories, Inc.

Lot #757627A

Mfg Date 9/24/2007

Reference Product: Treatment B
Fed conditions

Codeine Sulfate (1 x 60 mg tablet)
Roxane Laboratories, Inc.

Lot# 757627A

Mfg Date 9/24/2007

h(4)



Demographic Profile:

22 females; 14 males

31 caucasian; 2 black; 1 asian; 2 others
Mean age =29 + 7 years
Mean BMI =24.6 + 3 kg/m2

Mean weight = 67.6 + 10 kg

Fasting/meals

Fasting arm: Fast overnight for at least 10 hours prior to dosing.

Fed arm: After the overnight fast, the following high fat (approximately 50% of total
caloric content of the meal), high calorie (approximately 1000 calories) breakfast was
served starting approximately 30 minutes prior to dosing.

2 eggs fried in butter

2 strips of bacon

2 slice of toast with butter

4 ounces of hash brown potatoes
8 ounces of whole milk

This meal contains approximately 150 protein calories, 250 carbohydrate calories, and
500-600 fat calories.

Blood Samples for PK Analysis:

Blood samples were collected before dose and at 5, 10, 15, 30, 45 minutes and 1, 1.25,
1.5,2,25,3,35,4,6, 8, 10, 12, 16, 24, 36 and 48 hours after dosing.

Bioanalytical Analysis:

Plasma concentrations of codeine, morphine, morphine-3-glucuronide (M3G), and
morphine-6-glucuronide (M6G) were measured using an LC/MS/MS method validated b (4}.
under the project code “JHS” by~ ‘

PK and Statistical Analyses:

Thepha:macokineﬁcandstatistical analyses were done by .. ——— . b(4)
— AllPK

pammete:s were calculated using non-compamnental analysls Only those plasma

concentrations equal to or greater than the LOQs (codeine - 1 ng/mL; morphine - 0.20

ng/mL; M3G - 2.0 ng/mL; M6G - 0.5 ng/mL) were used in the analysis. Actual samplmg

times were used in all pharmacokinetic analyses.

67



Population for PK Analysis:

Thirty-six subjects were enrolled into and all subjects completed both periods of the
study and comprise the analysis population.

a. Codeine

Mean plasma concentrations of codeine after administration of Roxane Laboratories’
Codeine Sulfate 60 mg tablet were comparable after administration under fed and fasted
conditions (Figure 4.2.2.1 - linear axes). There was a 50% increase in the median Tmax,
from 1.00 h to 1.54 h (Table 4.2.2.2), and an 11% decrease in Cmax, suggesting a slight
decrease in the rate of absorption under fed conditions. However, the 90% confidence
intervals for Cmax, AUC(0-t), and AUC(inf) were within the 80% to 125% equivalence
window (Table 4.2.2.3), demonstrating no effect of food on the bioavailability with
respect to codeine.

Figure 4.2.2.1: Mean plasma concentrations of codeine after oral administration of
Roxane Laboratories’ Codeine Sulfate Tablet 60 mg to heaithy volunteers under fed and
fasted conditions - linear axes.

~O— Fasted
3~ Fed

2
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Table 4.2.2.2: Summary of pharmacokinetic parameters for codeine after oral
administration of Roxane Laboratories' Codeine Sulfate Tablet 60 mg to healthy
volunteers under fed and fasted conditions.

Parameter' Fasted Fed
Crax (ng/ml) 167+54.0 (36) 149 492 (36)
Tmax(h) 1.00 (36) 1.54 (36)
{0.50— 2.50] - [025—4.00}
AUC(0+) (homg/miL) 629+ 175 (36) 711£211(36)
AUCGaf) (hxng/mL) 639+ 175 (36) 720.£212 (36)
rz(h”) 0.2163 £ 0.0490 (36) | 0.2174+0.0136 36)
134 () 3.41 0.93 (36) 333:£0.75(36)
Ln(Cmax) 5,06 0.35 (36) 495036 (36)
ILafauc(o-t)] 641+ 028 (36) 6.524032(36)
AUC(nf)] 6.424 027 (36) 6.53+03106) _

3 Arithmetic mesn + standard devistion (N) except for Tmax for which the
median (N) [Raage] is reported.
Table 4.2.2.3: Statistical comparison of pharmacokinetic parameters for codeine after oral

administration of Roxane Laboratories' Codeine Sulfate Tablet 60 mg to healthy
volunteers under fed and fasted conditions.

Geometric Moan Ratio (%)’
Paramster _| Estimate 90% Confidence Interval
Croax 89.34 8118 - 9831
AUC(0-t) 111.98 105.27 -> 119.12
AUC(nf) g | 10520 > 11886

18430d on snalysis of natural log-transformed
b. Morphine |

Mean plasma concentrations of morphine over the initial two to three hours after
administration of 60 mg of codeine sulfate under fed conditions were substantially
reduced compared to administration under fasted conditions (Figure 4.2.2.4 - linear axes).
There was a 30% reduction in Cmax under fed conditions, consistent with the 7-fold
increase in Tmax (Table 4.2.2.5), with a 90% confidence interval for the geometric mean
ratio for Cmax below the 80% to 125% equivalence window (Table 4.2.2.5)
demonstrating significant effect of food on the bioavailability with respect to
morphine. However, the geometric mean ratio for AUC(0-t) was essentially 100% with a
confidence interval of 84.94% to 119.80%, indicating no effect of food possibly on the
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extent of conversion of codeine to morphine. Taking into account that AUC(inf)
parameter could only be calculated for both treatments for a limited number of subjects,
the results were consistent with those observed for AUC(0-t) (Table 4.2.2.6). Overall, the
data indicate a decrease in the rate of formation of morphine from codeine, consistent
with the slightly decreased absorption rate observed with codeine (as seen with codeine.
in Part a) but no change in the extent of conversion of codeine to morphine when codeine
was administered under fed conditions.

Figure 4.2.2.4: Mean plasma concentrations of morphine after oral administration of
Roxane Laboratories' Codeine Sulfate Tablet 60 mg to healthy volunteers under fed and
fasted conditions - linear axes.

am

Time (b)

Table 4.2.2.5: Summary of pharmacokinetic parameters for morphine after oral
administration of Roxane Laboratories’ Codeine Sulfate Tablet 60 mg to healthy
volunteers under fed and fasted conditions.

Parameter’ Fasted | Fed

" [Comx (ng/ml) 4.07%3.20 (36) 2.832.01(36)
Tmax(h) 0.75 (36) 1.28(36)

.. {0.17-2.00] . [025-8.00}

AUC(0-t) (hxng/ml) 174+ 13.9(36) .173%13.1(36)
AUC(inf) (axng/mlL) 21.0x151(014) - 24414907 -
az@™) 0.1506+ 0.1244 (14) | 0.1012%0.0781 (17)
t¥a (h) 9.53::7.20 (14) 115776 (17)
La(Cmax) 1.10+0.88 (36) 0.74=0.87 (36)
LafAUC(0-8)] 239130 (36) 240 1.17(36)
La[AUC(GnD} 260+09804) | 295+081(17)

‘Anﬁmﬂcnmtsmdnddwumm)m&r'mnxfuwhwhm
medisa (N) [Range] is reposted. ;
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Table 4.2.2.6: Statistical comparison of pharmacokinetic parameters for morphine after
oral administration of Roxane Laboratories' Codeine Sulfate Tablet 60 mg to healthy
volunteers under fed and fasted conditions.

Parameter Estimate _ 90% Confidence Intezval
Croax ’ 69.69 6043 - 8036
AUC(0-t) 100.88 84.94 - 11980
AUC(Gnf) 11698 . 91.18 - 15006

Based on analysis of natural log-transformed date.
¢. Morphine-3-glucuronide

The mean plasma concentrations of the major metabolite measured, M3G were lower
after administration of Roxane Laboratories’ Codeine Sulfate 60 mg tablet under fed
conditions than under fasted conditions (Figure 4.2.2.7 - linear axes). The lower limit of
the 90% confidence interval for Cmax was below 80% (Table 6) and Tmax increased 1.7-
 fold (Table 4.2.2.8), indicating a slight decrease in the rate of formation of the metabolite.
The geometric mean ratios for AUC(0-t) and AUC(inf) were essentially 100% and the
associated 90% confidence intervals were within the 80% to 125% equivalence window
(Table 4.2.2.9), demonstrating no change in the extent of formation of M3G in the
presence of food. The data indicate a slight decrease in the rate but no change in the
extent of formation of M3G from morphine when codeine was administered under fed
conditions.

Figure 4.2.2.7: Mean plasma concentrations of M3G after oral administration of Roxane
Laboratories' Codeine Sulfate Tablet 60 mg to healthy volunteers under fed and fasted
conditions - linear axes. :
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Table 4.2.2.8: Summary of pharmacokinetic parameters for M3G after oral

administration of Roxane Laboratories' Codeine Sulfate Tablet 60 mg to healthy

volunteers under fed and fasted conditions.

Parameter’ Fasted Fed
Cmax (ng/ml) 2.0+ 50.1 (36) 683::472(36)
Tmax ) 13206) 225 36)
[1.00—2.50 [1.00— 8.00]
AUC(0-¢) (bxng/ml) 553 & 320 (36) 585 + 381 (36)
AUC(f) (hxng/ml) 621+ 261 (25) 632 £ 407 (29)
az@™) 0.0667 0.0265 25) | 0.0764+0.0460 (29)
1% (h) 11.643.59(25) 10.9+3.90(29)
La(Cnad) 414:087(36) | 3.94:0.86(36)
[LafAUCE-)] 5994 1.07 (36) 6.04+1.01 (36)
LafAUC(nD) 6.31+05825) 6.14+096 29)

Arithmetic mean + standsrd dovistion (N) except for Tmax for which the
median (N) [Range] is reported.

Table 4.2.2.9: Statistical comparison of pharmacokinetic parameters for M3G after oral
administration of Roxane Laboratories’ Codeine Sulfate Tablet 60 mg to healthy
-volunteers under fed and fasted conditions.

Parameter Estimate 90% Confidencs Interval |
Cmax 7 7618 - 87
AUCOH) 10428 9501 - 11445
AUCGeH) | 10113 22 _-» 11054

'mmmlysia of natural log-teansformed data.
d. Morphine-6-glucuronide

The mean plasma concentrations of M6G were lower after administration of Roxane
Laboratories’ Codeine Sulfate 60 mg tablet under fed conditions than under fasted
conditions (Figure 4.2.2.10 - linear axes). The lower limit of the 90% confidence interval
for Cmax was below 80% (Table 4.2.2.11) and Tmax increased 1.7- fold (Table
4.2.2.11), indicating a slight decrease in the rate of formation of the metabolite. The 90%
confidence intervals for the geometrc mean ratios for AUC(0-t) and AUC(inf) were
within the 80% to 125% equivalence window (Table 4.2.2.12), demonstrating no
change in the extent of formation of M6G in the presence of food. The data indicate a
slight decrease in the rate but no change in the extent of formation of M6G from
morphine when codeine was administered under fed conditions.



- Figure 4.2.2.10: Mean plasma concentrations of M6G after oral administration of Roxane
Laboratories’ Codeine Sulfate Tablet 60 mg to healthy volunteers under fed and fasted
conditions - linear axes.

Time ()

Table 4.2.2.11: Summary of pharmacokinetic parameters for M6G after oral
administration of Roxane Laboratories' Codeine Sulfate Tablet 60 mg to healthy
volunteers under fed and fasted conditions. :

Parameter’ Fasted - Fed
Coex(ng/nil) 1824 10.1 (36) 14.2£9.57 (36)
Tmax (h) 1.50 (36) 2.50 (36)
[1.00—2.50} 11.25 - 8.00]
AUC(0-t) (hxng/ml) 103 £ 57.4 (36) 104 652 (36)
AUCGnf) (ag/ml) | ~ 1224711 (20) 129+70.5 (25)
az@h) - 0.0988  0.0878 (20) | 0.0786 £ 0.0519 (25)
Ity () 110 5.61 (20) 11.0:4.12 (25
Lan(Conx) 270 0.71 (36) 241077 (36
LafAUC(0-t)] 439+ 0.87 (36) 436091 (36)
LafAUC(inf)] _449+ 1.02 (20) 4.66+ 0.75 (25)

'thwmmmﬁrm&rﬁ;ﬂﬁn
raedian (N) [Range] is reported. .



Table 4.2.2.12: Statistical comparison of pharmacokinetic parameters for M6G after oral
administration of Roxane Laboratories’ Codeine Sulfate Tablet 60 mg to healthy
volunteers under fed and fasted conditions.

: Qmmc Mean Ratio g_!g ‘
Paramster Mconﬁdmmhmal )
Comax | mes | @3 > M
AUC01) 97.65 ’ 90.66 - 105.26
AUCGED) 111.19 10290 > 12015

'Basod on analysis of astursl log-transformed data. |
AUC Ratios:

There were essentially no differences in the AUC(inf) ratios for morphine-to-codeine
(Figure 4.2.2.13), M3G-to-morphine (Figure 4.2.2.14), and M6G-to-morphine (Figure
4.2.2.15) after oral administration of Roxane Laboratories' Codeine Sulfate Tablet 60 mg
under fed and fasted conditions. This indicates that the extent of metabolism of codeine
to morphine and then morphine to the two glucuronides was not affected by
administration under fed conditions.

Figure 4.2.2.13: Individual subject AUC(inf) ratios, of morphine-to-codeine, after oral
administration of Roxane Laboratories’ Codeine Sulfate Tablet 60 mg to healthy
volunteers under fed and fasted conditions.
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Figure 4.2.2.14: Individual subject AUC(inf) ratios,'of M3G to-morphine, after oral
administration of Roxane Laboratories’ Codeine Sulfate Tablet 60 mg to healthy
volunteers under fed and fasted conditions.
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Figure 4.2.2.15: Individual subject AUC(inf) ratios, of M6G to-morphine, after oral
administration of Roxane Laboratories’ Codeine Sulfate Tablet 60 mg to healthy
volunteers under fed and fasted conditions.

15¢
1z} °
o (o]
o 9 .
5 o
8 (]
> [ o
< -6}
o 8
g o
3p (o o j
o ] '} ']

Fed  Pasted



Reviewer’ﬁ comments:

1. Administration of Roxane Laboratories’ Codeine Sulfate Tablet 60 mg under fed
conditions resulted in no change in the rate or extent of absorption of parent,
codeine.

2. The rates of formation of morphine from codeine and M3G and M6G from
morphine under fed conditions were lower as compared with the rates of
formation under fasted conditions. However, there were no differences in the
AUC(inf) ratios for morphine-to-codeine, M3G-to morphine, and M6G-to-
morphine after oral administration under fed and fasted conditions, indicating that
the extent of metabolism of codeine to morphine and then morphine to the two
glucuronides may not be affected by food.

Overall, it can be reasonably assumed that food will not have a clinically significant

effect on the oral absorption of parent codeine, when Roxane Laboratories’ Codeine
Sulfate Tablets are administered.

76



4.23. Study CODE-T15-PVFS-1: Steady State Study

Study title A steady state, 1-period, 1-treatment study
of Codeine Sulfate 15 mg tablets under
. steady state conditions
Clinical site Cedra Clinical Research LLC
2455 N.E.Loop 410 Suite 150
San Antonio TX 78217
Principal Investigator Frederick A. Bieberdorf, M.D., CPI
Dosing dates ' , January 04, 2008 — January 09, 200
Analytical site —_ .
r vl
1‘ )
Analytical Director : VN ——
Analysis dates | January 31, 2008 — March 07, 2008
Objective:

To characterize the steady-state pharmacokinetics of codeine and its metabolites
morphine, M3G, and M6G after oral administration of Roxane Laboratories’ codeine
sulfate tablets administered at a dose of 15 mg Q4H x 5 days.

Study design:

This was an open-label study of the pharmacokinetics of codeine after 15 mg oral doses
of codeine sulfate tablets every 4 hours (Q4H) for 5 days performed at one study site in
normal healthy volunteers. Thirty-six (36) subjects were enrolled and 32 subjects
completed the study. Due to the nature of the study (1-period, 1-treatment), no
randomization was required.

Demographic Profile:

13 females; 19 males

22 caucasian; 9 black; 1 asian
Mean age =30 + 9 years
Mean weight =79 +21 kg
Mean BMI =25.4 + 2.6 kg/m2

Blood Samples for PK Analysis:

Doses were administered 4 hour intervals at approximately the following times: 0300,
1200, 1600, 2000, 2400, and 0400. Blood samples were collected prior to the first dose

on Day 1, prior to the 0800 dose on Days 2, 3, and 4, and at the following times on Day 5

relative to the 0800 dose: before, 0.5, 0.75, 1, 1.25, 1.5,24,4.5, 5,55, 6, 65,7, 8,85, 9,
95,10,10.5, 11, 12,12.5, 13, 13.5, 14, 14.5, 155, 16, 16.5,17, 17.5, 18, 18.5,
19,20,20.5,21, 21.5, 22, 22.5, 23, and 24 hours.

b(4)



Bioanalytical Aualysis:

Plasma concentrations of codeine, morphine, morphine-3-glucuronide (M3G), and
morphine-6-glucuronide (M6G) were measured using an LC/MS/MS method validated b ( 4
under the project code “KHS” by —— )

PK and Statistical Analyses:

The pharmacokinetic and statistical analyses were done by . » \)(4)
.- - AIlPK

parameters were calculated using non-compartmental analysis. Only those plasma

concentrations equal to or greater than the LOQs (codeine - 1 ng/mL; morphine - 0.20

ng/mL; M3G - 2.0 ng/mL; M6G - 0.5 ng/mL) were used in the analysis. Actual sampling

times were used in all pharmacokinetic analyses.

The areas under the curve over each 4 hour dosing interval at steady-state (Day 5)
[AUC(0-4)] and for the 24-hour period [AUC(0-24)] were calculated using the linear
trapezoidal method. The degree of fluctuation (DFL) was calculated using
DFL~=100% x Cmax-Cmin/AUC(0-24)/24 :

Population for PK Analysis:

Thirty-six (36) subjects were enrolled into the study. Thee (3) subjects, #513, #514, and
#526 did not complete the study and no samples were analyzed. Subject #520 withdrew
after the blood sample at 0.75 h on Day 5; samples collected through that time were
analyzed. Thirty-two (32) subjects therefore comprise the analysis population.

a. Attainment of Steady State

The mean pre-dose plasma concentrations for all the four moieties measured were
relatively constant from Day 3 - 48 hours after beginning dosing and 48 hours prior to the
steady-state day - through the last dose on Day 5. This indicates that steady-state had
been reached by Day 3.
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Figure 4.2.3.1: Mean + standard deviation pre-dose plasma concentrations of codeine

during oral administration of Roxane Laboratories’ 15 mg codeine sulfate tablets Q4H x 5

days tablets to healthy volunteers.
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Figure 4.2.3.2: Mean + standard deviation pre-dose plasma concentrations of morphine

Time Relative to the First Doss on Day 5 (h)

during oral administration of Roxane Laboratories' 15 mg codeine sulfate tablets Q4H x 5

days tablets to healthy volunteers.
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Figure 4.2.3.3: Mean + standard deviation pre-dose plasma concentrations of
M3G during oral administration of Roxane Laboratories' 15 mg codeine sulfate tablets

Q4H x 5 days tablets to healthy volunteers.
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- Figure 4.2.3.4: Mean + standard deviation pre-dosc plasma concentrations of

M6G during oral administration of Roxane Laboratories' 15 mg codeine sulfate tablets

Q4H x 5 days tablets to healthy volunteers.
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b. Pharmacokinetics at Steady State

The mean plasma concentration-time profiles for all the four moieties measured were
relatively consistent across the six doses administered on Day 5 (Table 4.2.3.5, Figures

423.7-10).

Codeine and M3G, the major metabolite,
and 36%, respectively of total circulating material
reflecting its rapid conversion to

- approximately 2%,

comprised the greatest percentages, 55%
(Table 4.2.3.6). Morphine comprised
the glucuronides conjugates. The

remaining 6.6% of circulating material was M6G, the other metabolite measured.

- Table 4.2.3.5; Summary of Cmax, Tmax, and AUC(0-4) for codeine, morphine, M3G,
and M6G for individual doses on Day 5 during oral administration of Roxane
Laboratories’ 15 mg codeine sulfate tablets Q4H x 5 days tablets to healthy volunteers.

First Dose
Canax (ng/ml) 683+278(32) | 1.90x1.08(32) | 512%252(32) | 945:433(Q2)
Tmax ()’ 1532 . 130 15332 15032
AUC (hxag/mL) 216+883 (32) |21638+393(32)| 216:101(32) | 2164+163(32)
Second Doss
Crax (ng/mL) 702+21702) | 203£133(32) | 508£261(32) | 9.19:443(3)
Tomax (b)* 5002 4502 5032 5002
“.Ai\lgcm(mymx.) 184£762(32) | 490+3.16(32) | 1652857(32) | 299&14.7(32)
Camx (og/mL) 556222902 | 1.7621.0132) | 532427232 | 105+527(32)
Tmax ()° 9.0(32) 8532 9.0(32) 95(32)
4 AUC (fomg/mlL) 156£727(2) | 5.07£327(32) | 171+892(32) | 323+163(2)
Fourth Dose
Caax (ng/ml) 539£240032) | 171211932 | #.1£254(2) | 953+478(32)
Tmax ()’ 13502 13.502) 14032) 140 (32)
Fﬁggwmm 154:£709(32) | 5362363(32) | 16586602 | 31.0x15.6(2)
Cmax (ng/ml) 512+15902) | 186%121(32) | 53.02269(32) | 102+4.88(32)
Tmax (b)* 17502) 17302 175(32) 175032
AUC (ivmg/mL) 164£59.1(32) | 610£399(32) | 181£957(32) | 341x172(2)
Sixth Dose
Cmax (ng/mL) 623+280(32) | 2282144032 | 573£303(2) | 108£339(32)
Tmax 21.5(32) 20.5(32) 21332 21502
AUC (bng/mL) 191+87.1(32) | 6912436 192+£103(32) | 35217502 |

'Mm*wmmmmﬁnhmnwmmnm

Mmax relative 10 the first dose oa Day 5.
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Table 4.2.3.6: Relative exposure to codeine, morphine, M3G, and MG6 on Day 5 during
oral admistration of Roxane Laboratories' 15 mg codeine sulfate tablets Q4H x 5 days
tablets to healthy volunteers.

Molecular Mean AUC(0-24) Percent

Ansiyto | Weight | (wag/mi) | (vemolml) } of Total

Codeine 299.36 1,048.19 350 5537

Morphine 28533 34.61 0.12 1.92

M3G 461.46 1,052.60 228 36.07

M6G 461.46 193.75 0.42 6.64
'Percent of total AUC(0-24).

Figure 4.2.3.7: Mean plasma concentrations of codeine on Day 5 during oral
administration of Roxane Laboratories' 15 mg codeine sulfate tablets Q4H x 5 days
tablets to healthy volunteers.




Figure 4.2.3.8: Mean plasma concentrations of morphine on Day 5 during oral
administration of Roxane Laboratories' 15 mg codeine sulfate tablets Q4H x 5 days
tablets to healthy volunteers. '
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Figure 4.2.3.9: Mean plasma concentrations of M3G on Day 5 during oral administration
of Roxane Laboratories' 15 mg codeine sulfate tablets Q4H x 5 days tablets to healthy

volunteers.
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Figure 4.2.3.10: Mean plasma concentrations of M6G on Day 5 during oral
administration of Roxane Laboratories' 15 mg codeine sulfate tablets Q4H x 5 days
tablets to healthy volunteers.
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Reviewer’s eoﬁments:

1.

Oral administration of Roxane Laboratories’ codeine sulfate tablet 15 mg Q4H x 5
days resulted in steady-state plasma concentrations of codeine, morphine, M3G,
and M6G within 48 hours. Mean plasma concentrations and mean values for
Cmax and AUC(0-4) were consistent across the six individual doses on Day 5.
Mean plasma concentrations and mean values for Cmax and AUC(0-4)

were consistent across the six individual doses on Day 5. Codeine comprised the
largest portion of circulating material followed by M3G, M6G, and morphine.



424 Study CODE-T30-PVFS-1: Comparative Bioavailability Study

| Study title A Single-Dose, 2-Period, 2-Treatment, 2-
Way Crossover Comparative

Bioavailability Study of Codeine 30 mg '
Tablets and Tylenol® #3 Tablets Under

. Fasting Conditions

Clinical site Cedra Clinical Research LLC

2455 N.E.Loop 410 Suite 150

San Antonio TX 78217
Principal Investigator Jolene K. Berg, M.D.
Dosing dates '{ Period 1: January.9, 2008

‘ Period 2: January 16, 2008
Analytical site —_—
ly |
o ) : h(4}

Analytical Director — =
Analysis dates [Febmmy 18, 2008 — March 4, 2008
Objective:

To assess the comparative bioavailabilty of codeine from Roxane Laboratories' Codeine
Sulfate 30 mg tablets to Tylenol® #3 (acemmmophen 300 mg with codeine phosphate 30
mg) under fasted conditions. -

Study design:

This was an open label, single dose, two-treatment, two-period, two-sequence study.
Thirty six (36) male and female subjects were enrolled to receive a single dose of each of
two treatments in two assigned dosing periods following 2 minimum of 10-hour
overnight fasting. Each dose administration was separated by a seven day washout
period. Thirty four of 36 study participants were administered a single oral tablet dose of
both the following treatments in a randomized, sequenced fashion.

Test Product: Treatment A
Codeine Sulfate (1 x 30 mg tablet)
Roxane Laboratories Inc.

Lot # 757701A

Mfg Date 10/03/2007

Reference Product: Treatment B

Tylenol® #3 (1 x acetaminophen 300 mg with codeine phosphate 30 mg tablet)
Ortho-McNeil Pharmaceutical, Inc.

Lot # 7TEG005

Expiration Date 04/2010
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Difference in Base Content of Codeine:

Roxane Laboratories' Codeine Sulfate 30 mg tablet contains Jf codeine base
while Tylenol® #3, with 30 mg of Codeine Phosphate, contains' — _ of codeine
base. This difference, approximately 8%, was not taken into account in the statistical
comparisons conducted by the sponsor.

Demographic Profile:

12 females; 22 males

30 caucasian; 3 black; 1 other
Mean age =28 + 7 years
Mean weight =73 + 12 kg
Mean BMI =24.5 + 3 kg/m2

Blood Samples for PK Analysis:

Blood samples were drawn prior to each dose administration and at 5, 10, 15, 30, 45
minutes and 1, 1.25, 1.5, 2, 2.5, 3, 4, 6, 8, 10, 12, 16, 24, 30, 36 and 48 hours after
dosing.

Bioanalytical Analysis:

Plasma concentrations of codeine, morphine, morphine-3-glucuronide (M3G), and
morphine-6-glucuronide (M6G) were measured using an LC/MS/MS method validated
under the project code “ZGS” bv—

PK and Statistical Analyses:

The pharmacokinetic and statistical analyses were done by

—_ AllIPK
parameters were calculated using non-compartmental analysis. Only those plasma
‘concentrations equal to or greater than the LOQs (codeine - 1 ng/mL; morphine - 0.20
ng/mL; M3G - 2.0 ng/mL; M6G - 0.5 ng/mL) were used in the analysis. Actual sampling
times were used in all pharmacokinetic analyses. ‘

b(4)

b(4)

b(4)



Population for PK analysis:

Thirty four subjects completed both periods of the study and comprised the evaluable
population for pharmacokinetics.

a, Codeine

Mean plasma concentrations of codeine after administration of Roxane Laboratories’
Codeine Sulfate 30 mg tablet and Tylenol® #3 (Codeine Phosphate 30 mg) were
essentially super imposable despite the -8% difference in base content (Figure 4.2.4.1 -
linear axes; Figure 4.2.4.2 - semi-logarithmic axes). Mean values for all pharmacokinetic

eters were comparable for both formulations (Table 4.2.4.3) with geometric mean
ratios for Cmax, AUC(0-t), and AUC(in of approximately 100% (Table 4.2.4.4). All of
the associated 90% confidence intervals were within the 80% to 125% equivalence
window (Table 4.2.4.4), demonstrating bioequivalence between products with respect
to codeine. :

Figure 4.2.4.1.: Mean plasma concentrations of codeine after oral administration of
Roxane Laboratories' Codeine Sulfate Tablet 30 mg and Tylenol® #3 (Codeine
Phosphate 30 mg) to healthy volunteers under fasted conditions - linear axes.
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—E—~ Tylenol #3

Time (b)

87



Figure 4.2.4.2: Mean plasma concentrations of codeine after oral administration of

Roxane Laboratories' Codeine Sulfate Tablet 30 mg and Tylenol® #3 (Codeine
Phosphate 30 mg) to healthy volunteers under fasted conditions — semi logarithmic axes.
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Table 4.2.4.3: Summary of pharmacokinetic parameters for codeine after oral
administration of Roxane Laboratories' Codeine Sulfate Tablet 30 mg and Tylenol® #3

(Codeine Phosphate 30 mg) to healthy volunteers under fasted conditions.

Parameoter' | __Romne30mg Tylenol #3

|cmax (ng/miy N2+B9CGH 70.1 £21.9 (36)

Tmex(h) T 125034 125(36)
[0.50-2.50) [0.50-3.00]

AUC(0-t) (hxng/ml) 282::98.0 (34) 272::84.8 (36)
AUCGaf) (hxng/ni) 2894 98.6 (34) 279+863 (36)

hza™) 02580 +:0.0448 (34) | 0.2620:£0.0419 36)
@)  277+05104) 271£043 (36)
Ln(Cmx) 421034 (34) 4204031 (36)
LafAUC(0-0)] 5.58 035 (34) 5564031 (36)
La[AUCGRf] se1£03400 | sss03009 |

! Asithmetic mean + standard deviation (N) except for Tmax for which the
median (N) [Range] is reported.
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Table 4.2.4.4: Statistical comparison of pharmacokinetic parameters for codeine after oral

administration of Roxane Laboratories’' Codeine Sulfate Tablet 30 mg and Tylenol® #3

(Codeine Phosphate 30 mg) to healthy volunteers under fasted conditions.

Geometric Mean Ratio (%)'}
Parameter Estimate 90% Confidence Interval
Cmax 100.80 9406 - 108.2
AUC(0-t) 103.13 0829 - 10821
| AUC(Gnf) 102.80 9811 - 107.72

Based on analysis of natural log-transformed

b. Morphine

Mean plasma concentrations of morphine after administration of 30 mg of codeine
phosphate as Tylenol® #3 were higher than after administration of 30 mg of codeine
sulfate (Figure 4.2.4.5 - linear axes; Figure 4.2.4.6- semi-logarithmic axes) as were the
mean values for Cmax, AUC(0-t), and AUC(inf) (Table 4.2.4.7). The geometric mean
ratios for Cmax and the AUCs ranged from 108% to 124% (Table 4.2.4.8) and the upper
limits of the associated 90% confidence intervals were above 125% (Table 4.2.4.8),
indicating a lack of bioequivalence with respect to morphine.

Figure 4.2.4.5: Mean plasma concentrations of morphine after oral administration of
Roxane Laboratories' Codeine Sulfate Tablet 30 mg and Tylenol® #3 (Codeine
Phosphate 30 mg) to healthy volunteers under fasted conditions - linear axes.
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Figure 4.2.4.6: Mean plasma concentrations of morphine after oral administration of
_Roxane Laboratories' Codeine Sulfate Tablet 30 mg and Tylenol® #3 (Codeme
Phosphate 30 mg) to healthy volunteers under fasted conditions — semi logarithmic axes.
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Table 4.2.4.7: Summary of pharmacokinetic parameters for morphine afier oral
administration of Roxane Laboratories’' Codeine Sulfate Tablet 30 mg and Tylenol® #3
(Codeine Phosphate 30 mg) to healthy volunteers under fasted conditions.

Parameter Roxane 305 Tylenol#3

Cmax (ng/ml) | 1.944:1.20(33) 2.j42=l= 1.47(35)

Tmax(h) _ 0.75(33) 0.75 (35)
[025- 2.50] [025-250]

AUC(0+) (hxnp/mL) 7.68£580(33) | 861£634(39)
AUC(inf) (bxng/mL) 5.14x411(15) | 580+3.50(12)

Az(™) ‘ 02704 +0.0935 (15) | 0.2660 0.0816(12)
1% (b) 2954142 (15) 288+1.03(12)
Lo(Cenex) 0.48 0.64 (33) 0.70+0.65 (35)
La[AUC(O-8)] 174208133 | 186+083(39)
LofAUCGaf] | 1L4edx060(15) |. 1622052012 |

1Asithmetic mean + standard deviation (N) except for Tmax for which the
median (N) {Range] is reported.



Table 4.2.4.8: Statistical comparison of pharmacokinetic parameters for mofphihe after
oral administration of Roxane Laboratories’' Codeine Sulfate Tablet 30 mg and Tylenol®
#3 (Codeine Phosphate 30 mg) to healthy volunteers under fasted conditions.

‘ . Geometric Mean Ratio (%)
Cmax -81.27 n4a - 0250
AUC(0-t) 9220 P61 - 10679
AUCGnf) 8044 | 6137 — 10543
'Based on analysis of natural log-transformed

¢. Morphine-3-glucuronide (M3G)

Mean plasma concentrations of M3G after administration of after Roxane Laboratories’
Codeine Sulfate 30 mg tablet and Tylenol® #3 (Codeine Phosphate 30 mg) were
essentially super imposable (Figure 4.2.4.9 -linear axes; Figure 4.2.4.10 - semi-
logarithmic axes) and the mean values for all pharmacokinetic parameters were
comparable (Table 4.2.4.11). The geometric mean ratios for Cmax, AUC (0-t), and AUC
(in ranged from 95.9% to 99.4% and the associated 90% confidence intervals were well
with the 80% to 125% equivalence window (Table 4.2.4.12) indicating biocequivalence
with respect to M3G.

Figure 4.2.4.9: Mean plasma concentrations ofM3G after oral administration of Roxane
Laboratories' Codeine Sulfate Tablet 30 mg and Tylenol® #3 (Codeine Phosphate 30 mg)
to healthy volunteers under fasted conditions - linear axes.
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Figure 4.2.4.10: Mean plasma concentrations of M3G after oral administration of Roxane
Laboratories' Codeine Sulfate Tablet 30 mg and Tylenol® #3 (Codeine Phosphate 30 mg)
to healthy volunteers under fasted conditions — semi-logarithmic axes.
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Table 4.2.4.11.: Summary of pharmacokinetic parameters for M3G after oral
administration of Roxane Laboratories’ Codeine Sulfate Tablet 30 mg and Tylenol® #3

(Codeine Phosphate 30 mg) to healthy volunteers under fasted conditions.

Parameter' Romne30mg |  Tylenol#3
Conax (ng/eal) 43.8£196(33) 45x192(39)
Troax (h) 127(33) 125(39)
(100-2000 | [075-300]
AUC(0-¢) (homg/ml) 288+ 142 (33) 299+ 137(35)
AUCGaf) (bxng/ml) 3624 155 (24) 354+ 139(22)
az@™) 0.0739+ 0.0346 (24) | 0.0717+ 00313 (2)
14 (h) 11.2+4.66 24) 11.6:584(2)
Lo(Cmex) 3.67+049(33) 3.69£0.49 (35)
LafAUC(0-t)] 5.53:054(33) 558052035
LafAUCGnD] 5.7940.50 24) 578049 (22)

! Arithmetic mean & standard devistion (N) except for Tmax for which the

. mediam (N) [Range] is reposted.
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Table 4.2.4.12.: Statistical comparison of pharmacokinetic parameters for M3G after oral
administration of Roxane Laboratories’ Codeine Sulfate Tablet 30 mg and Tylenol® #3
(Codeine Phosphate 30 mg) to healthy volunteers under fasted conditions.

Geometric Mean Ratio (%)’
Paramster ‘ Estimate 90% Confidence Interval
Cmax 9941 9356 —-»> 10562
AUC0-t) 96.66 9022 -» 10355
AUgmt) , 9593 8542 > 107.74

'Based on analysis of natural log-transformed data,
d. Morphine-6-glucuronide (M6G)
Mean plasma concentrations of M6G after administration of after Roxane Laboratories’
Codeine Sulfate 30 mg tablet and Tylenol® #3 (Codeine Phosphate 30 mg) were
essentially super imposable (Figure 4.2.4.13 -linear axes; Figure 42.4.14 - semi-
logarithmic axes) and the mean values for all pharmacokinetic parameters were
comparable (Table 4.2.4.15). The geometric mean ratios for Cmax, AUC(0-t), and
AUC(inf) ranged from 104% to 112% (Table 4.2.4.16). The associated 90% confidence
intervals for Cmax and AUC (0-t) were well within the 80% to 125% equivalence :
window while the upper limit for AUC(inf), which could not be estimated for all subjects,
“was slightly above 125.00% (Table 4.2.4.16) narrowly missing the bioequivalence
criteria. :

Figure 4.2.4.13: Mean plasma concentrations of M6G after oral administration of Roxane

Laboratories' Codeine Sulfate Tablet 30 mg and Tylenol® #3 (Codeine Phosphate 30 mg)
to healthy volunteers under fasted conditions - linear axes.
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Figure 4.2.4.14: Mean plasma concentrations of M6G after oral administration of Roxane
Laboratories’ Codeine Sulfate Tablet 30 mg and Tylenol® #3 (Codeine Phosphate 30 mg)
to healthy volunteers under fasted conditions — semi-logarithmic axes.
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Table 4.2.4.15: Summary of pharmacokinetic parameters for M6G after oral
administration of Roxane Laboratories’ Codeine Sulfate Tablet 30 mg and Tylenol® #3
(Codeine Phosphate 30 mg) to healthy volunteers under fasted conditions.

Roxane 30 mg Tylenol#3 ’

9.77 +£4.36 (33) 9.48::3.94(35).
1273 | 15009
[1.00— 2.50] [1.00—3.00}

526+260(33) 507+226(35

65.6+264 (21) 58.0+29.7(15)
0.0777 £ 0.0479 (21) | 0.1060+0.0748 (15)

11.1£3.99(21) 9.45%5.26(15)

2.18£0.47(33) 2.15+048(35)

3.8240.56 (33) 3.31+0.52(35)
a[A | 4.08::0.49 (21) 3.90+0.64(15)
'Arithmetic mean + standard devistion (N) except for Tmax for which the
median (N) [Range] is reported. :




Table 4.2.4.16: Statistical comparison of pharmacokinetic parameters for M6G after oral

administration of Roxane Laboratories' Codeine Sulfate Tablet 30 mg and Tylenol® #3
(Codeine Phosphate 30 mg) to healthy volunteers under fasted conditions.

Geometric Mean Ratio (%)’
{Parameter __Estimate | 90% Caonfidence Interval
Cmax 104.19 9748 - 11136
AUC(0) 103.59 9561 - 1223
AUC(nD 11156 940 - 12521

'Based on analysis of natural log-transformaed data.

AUC Ratios:

There were essentially no differences in the AUC(inf) ratios for morphine-to-codeine

(Figure 4.2.4.17) and the major metabolite M3G-to-morphine (Figure 4.2.4.18) between

Roxane Laboratories’ Codeine Sulfate 30 mg and Tylenol® #3(Codeine Phosphate 30

mg). This indicates that the extent of metabolism of codeine to morphine and then M3G

was not affected by either the formulation or the salt form. The AUC(inf) ratios for

morphine-to-M6G (Figure 4.2.4.19) were somewhat different which can be attributed to
the scarce number of data points available for M6G concentrations as mentioned before.

Figure 4.2.4.17: Individual subject AUC(inf) ratios, of morphine-to-codeine, after oral

administration of Roxane Laboratories’ Codeine Sulfate Tablet 30 mg and Tylenol® #3
(Codeine Phosphate 30 mg) to healthy volunteers under fasted conditions.
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| Figure 4.2.4.18: Individual subject AUC(inf) ratios, of M3G to-morphine, after oral
administration of Roxane Laboratories' Codeine Sulfate Tablet 30 mg and Tylenol® #3
(Codeine Phosphate 30 mg) to healthy volunteers under fasted conditions.
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Figure 4.2.4.19: Individual subject AUC(inf) ratios, of M6G to-morphine, after oral
administration of Roxane Laboratories’ Codeine Sulfate Tablet 30 mg and Tylenol® #3
(Codeine Phosphate 30 mg) to healthy volunteers under fasted conditions.
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Reviewer’s comments:

1. Roxane Laboratories’ Codeine Sulfate Tablet 30 mg was bioequivalent to
Tylenol® #3 (Codeine Phosphate 30 mg) with respect to the parent, codeine and
M3G, the second highest metabolite seen in plasma. In addition, there were
essentially no differences in the AUC(inf) ratios for morphine-to-codeine and
M3G-to-morphine after oral administration of Roxane Laboratories’ Codeine

 Sulfate Tablet 30 mg and Tylenol® #3 (Codeine Phosphate 30 mg), indicating
that the extent of metabolism of codeine to morphine and then to M3G, was not
affected by either the formulation or the salt form.

2. Roxane Laboratories’ Codeine Sulfate Tablet 30 mg was not bioequivalent to
Tylenol® #3 (Codeine Phosphate 30 mg) with respect to morphine and M6G, the
other metabolite measured. However, since morphine and M6G represent only 2
and 6% of the total plasma concentrations observed with codeine at steady state,
and we already know that the two products are bioequivalent with respect to the
major moieties observed in plasma i.e., codeine and M3G, this finding is not of
much clinical significance.



425 Study CODE-T60-PLFS-1: Comparative Bioavailability Study of Codeine
Sulfate Tablet Formulations Under Fasted Conditions

A Single Dose, 3-Period, 3-Treatment, 6-

Study title
Sequence Crossover Pharmacokinetic and
Comparative Bioavailability Study of
Codeine Sulfate Tablet Formulations
Under Fasted Conditions
Clinical site Cedra Clinical Research LLC
2455 N.E.Loop 410 Suite 150
San Antonio TX 78217
Principal Investigator Frederick A. Bieberdorf, M.D., CPI
Dosing dates August 23, August 30 and September 06,
- 2006
Analytical site —_—
v -
, v J
Analytical Director T
Analysis dates | October 10, 2006 — December 18, 2006
Objective:

To characterize the pharmacokinetics and comparative bioavailability of Roxane
Laboratories' codeine sulfate tablets after oral administration of 60 mg doses as 1 x 60
mg, 2 x 30 mg and 4 x 15 mg under fasted conditions. An additional objective of this
pilot study was to optimize the study design for a pivotal relative bioavailability study of
the relative bioavailability of the three tablet strengths.

Study design:

This was an open label, single dose study of the pharmacokinetics of codeine after single

60 mg oral doses of codeine sulfate tablets on three occasions performed at one study site

in normal healthy volunteers. Eighteen (18) subjects were enrolled, all subjects
completed all three periods of the study, and comprised the evaluable population for

pharmacokinetics.
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Demographic Profile:

P PATS

28.2£6.8

Age Mean £ SD 28.4+6.9 282+ 6.8
(vears) | Range 19.0 - 45.0 19.0 - 45.0 19.0 - 45.0
Age <18 0 (0.00%) 0 (0.00%) 0 (0.00%)
Groups | 13.4p 30 (90.91%) 31 (91.18%) 31 (91.18%)
4164 3 (9.09%) 3 (8.82%) 3 (8.82%)
6575 0 (0.00%) 0 (0.00%) 0 (0.00%)
>75 0 (0.00%) 0 (0.00%) 0 (0.00%)
Sex Female 10 (30.30%) 10 (29.41%) 10 (29.41%)
Male 23 (69.70%) 24 (70.59%) 24 (70.59%)
Race Asian 0 (0.00%) 0 (0.00%) 0 (0.00%)
Black 12 (36.36%) 12 (35.29%) 12 (35.29%)
Caucasian 21 (63.64%) 22 (64.71%) 22 (64.71%)
Hispanic 0 (0.00%) 0 (0.00%) 0 (0.00%)°
_ Other 0 (0.00%) 0 (0.00%) 0 (0.00%)
BMI Mean = SD 243+34 24,4433 244433
(kg/m’) | Range 18.4-29.8 184-29.8 18.4-29.8
Height Mean £ SD 173.0+ 10.0 172.8£9.9 172.8+9.9
(em) Range 1535 - 192.5 153.5 - 192.5 153.5-192.5
Weight | Mean SD 72.7% 111 72.7+10.9 72.7%10.9
¢ Range 46.4 -94.6 464 -94.6 46.4-94.6

Blood Samples for PK Analysis:

Blood samples were collected before and 5, 10, 15, 30, 45 minutes and 1, 1.25,

1.5,2,2.5,3,3.5,4,6,8, 10, 12, 16, 24, 36, and 48 hours after dosing.

Bioanalytical Analysis:

Plasma concentrations of codeine, morphine, morphine-3-glucuronide (M3G), and

morphine-6-glucuronide (M6G) were measured using an LC/MS/MS method validated

under the project code “VTQ” by ~——

PK and Statistical Analyses:

The pharmacokinetic and statistical analyses were done bv

b(4)

b(4)



s : — ———AllPK b(4)
parameters were calculated using non-compartmental analysis. Only those plasma
concentrations equal to or greater than the LOQs (codeine - 1 ng/mL; morphine - 0.20

ng/mL; M3G - 2.0 ng/mL; M6G - 0.5 ng/mL) were used in the analysis. Actual sampling

times were used in all pharmacokinetic analyses.

Population for PK Analysis:

Eighteen (18) subjects were enrolled into, completed all three (3) periods of the study,
and comprise the analysis population.

a. Codeine

Mean plasma concentrations of codeine after administration of 60 mg of codeine as 1 x
60 mg, 2 x 30 mg, and 4 x 15 mg tablets were essentially superimposable. Mean values
for all pharmacokinetic parameters were comparable for all three treatments (Table
4.2.5.1) with geometric mean ratios for Cmax, AUC(0-t), and AUC(inf) of approximately
100% for all comparisons (Table 4.2.5.2). All of the associated 90% confidence intervals
were well within the 80% to 125% equivalence window (Table 2), demonstrating
bioequivalence among the three tablet strengths with respect to codeine.

Table 4.2.5.1: Summary of pharmacokinetic parameters for codeine after oral
administration of 60 mg doses of Roxane Laboratories' codeine tablets as 1 x 60 mg, 2 x
30 mg, and 4 x 15 mg tablets to healthy volunteers under fasted conditions.

‘1x60mg | 2x30mg 4x15mg |
19246518 | 157437908 | 19241509
L13(18) 1.00(18) 100(18)

| 025~ 150] [0.50~ 2.00] fo.50-2.00]

UCH-£) (hxng/ml) 6144 146 (18) 6244 136(18) £26+:140(18)

UG (hxag/ml) 684146 (18) 633x136(18) | 634x141(18)

02358+ 0.0376 (18)| 0.2287:+:0.0391 (13)] 02162+ 0.0442 (18)]
301:049(18) 3.11:0.52(18) 3342071 (18)
5094029 (18) 503£023(18) 5034026 (18)
639£026(18) | 641£021(18) | 642+023(19)

' 6414026(18) | 643£021(1 6434023 (18)

'Arithmatic mean + standard deviation (N) except for Tmax for which the median (N) [Range] is
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Table 4.2.5.2: Statistical comparison of pharmacokinetic parameters for codeine after oral
administration of50 mg doses of Roxane Laboratories’ codeine tablets as 1 x 60 mg, 2 x
30 mg, and 4 x 15 mg tablets to healthy volunteers under fasted conditions.

- a atic Moan Rats Q!il Withia Sabi
|__Bstimate | 90% Confidence Intarval] CVOE)
2x30mg vs. 1 x60mg . )
Cax i 94.06 8498 —» 10410 1811
ALKX0-8) 10246 -9465 -—-» 11090 14.10
AUCGaf) ‘10243 M6 — 11080 1398
4x15mg vs. 1 x60mg ’
Croax .12 8504 - 104.16 1811
. AUC(0-t) 102.55 9474 > 11101 14.10
AUC(ID - 10224 MSst. —» 11059 13.98
4x15mg vs. 2 x30mg
Cmax 100.06 9041 —-» 11074 1811
AUCO4) 100.09 247 -—» 10838 14.10
| Aucfan . 9931 | w2 - 19| .13ss
Based on analysis of natural log-transforraed data.
b. Morphine

Mean plasma concentrations of morphine after administration of 60 mg of codeine as 1 x
60 mg, 2 x 30 mg, and 4 X 15 mg tablets were mostly comparable. The geometric mean
ratios for Cmax and AUC(0-£) ranged from 87% to 103% (Table 4.2.5.3); however, the
lower limits of some of the associated 90% confidence intervals were below within 80%
(Table 4.2.5.4) demonstrating a lack of bioequivalence among the three tablet
strengths with respect to morphine. Per the sponsor, there were too few subjects for
whom AUC(inf) could be calculated for two treatments to allow for a reasonable
statistical assessment.

Table 4.2.5.3: Summary of pharmacokinetic parameters for morphine after oral
administration of 60 mg doses of Roxane Laboratories' codeine tablets as 1 x 60 mg, 2x
30 mg, and 4 x 15 mg tablets to healthy volunteers under fasted conditions.

M ’ ' 1x60mg 2x30mg 4x15mg '

Cosx(@g/ml) | 5324306(18 | 4492258(18) | 4454211018

Troax (b) 050(18) 0.75(18) 0.50(18)
[0.17-125) (025 1.25) 025 125]

AUC(0-f) (hong/ml) 198+ 128(17) 184+ 112(17) 172x820(17)
AUC(n{) (hxng/mi) 470x:895(2) 29x175(9) 172£11.6(7)

Az 0.0420 0.0144 (2) | 0.1336 £0.1185(9) | 0.19540.1189(D
1% () 175%599(2 128+101(9) - | 74125358(D
La(Cnax) 1412088 (18) 1274 0.81 (18) 1304077 (1%)
La{AUC(0-9)] 2752077(17) | 267x079(7 | 267069017
{LafauC(ing] 3.84+0.19(2) 27441.03(9) 256£090(7. |

'mm*mamm)wrmrm for which the median (N) [Range] is
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Table 4.2.5.4: Statistical comparison of pharmacokinetic parameters for morphine after
oral administration of 60 mg doses of Roxane Laboratories’ codeine tablets as 1 x 60 mg,
2x30mg and4x 15 mgtabletstohealmyvohmteersnﬂderfnstedconglitions.

) __Geomstric Mesn Ratio %) ‘Within Subjeot
2x30mg vs. 1 x60mg ‘ . . T
Crmx 86.73 7432 - 10120 2785
AUCO-D 93.44 - 7838 —» 11138 3052
AUC(nf) 7505 4687 —» 12018 1681
4x15mgvs. 1 x60mg - )
Coomx . 89.57 7676 —» 10452 27.88
AUCO-) 9313 | 7812 —» 1iL01 30.82
AUCGnD 974 4431 -—» 10978 1681
4x135 mg vs.2x30 mg -
Comx . 10328 8851 —» 12051 27.88
AUC0-9 99.67 8361 -» 11881 30.82
|__AUC(nf) i 9292 7473 - 11555 | 1681
'Baged on amalysis of patural log-transformed data. : -
¢. Morphine-3-glucuronide

Mean plasma concentrations of morphine-3-glucuronide after administration of 60 mg of
codeine as 1 x 60 mg, 2 x 30 mg, and 4 x 15 mg tablets were essentially superimposable.
Mean values for all pharmacokinetic parameters were comparable for all three treatments
(Table 4.2.5.5) with geometric mean ratios for Cmax, AUC(0-1), and AUC(inf) ranging
from 93% to 104% for all comparisons (Table 4.2.5.6). All of the associated 90%
confidence intervals were well within the 80% to 125% equivalence window (Table
4.2.5.6) demonstrating bioequivalence among the three tablet strengths with respect
to M3G. :

Table 4.2.5.5: Summary of pharmacokinetic parameters for morphine-3-glucuronide-after
oral administration of 60 mg doses of Roxane Laboratories’ codeine tablets as 1 x 60 mg,
2 x 30 mg, and 4 x 15 mg tablets to healthy volunteers under fasted conditions.

1x60mg 2x30mg 4x15mg |
1174684 (19) 111+7202(13) 111+ 6L8(18)
12508 | . 12509 125018)

L [0.75 ~-2.00] {0.75~2.00] * [0.75~2.00]
AUC0-) (homg/ml)- 207£429(17) 799 4 442 (17 1131368(17)
AUC(ES (ong/ml) | - 1,050+416(1D) 909 460 (12) 9322325 (14)
0.0658 & 0.0179 (12)] 0.0623 4 0.0151 (12)| 0.0666 0.0263 (14)}
1152418012 | 1162242010 | 11.9%490(19
4484100(18) | 441%1.0208) | 446x093(18)
652%064(17) | 651206547 | 653x05307M
6354054 668+057(12) | 6782034(19)

‘Mmﬁmmmmmm for which the median (N) [Range} is
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- Table 4.2.5.6: Statistical comparison of pharmacokinetic parameters for morphine-3-
glucuronide after oral administration of 60 mg doses ofRoxane Laboratories' codeine
tablets as 1 x 60 mg, 2 x 30 mg, and 4 x 15 mg tablets to healthy volunteers under
fasted conditions. :

_ _ Goometric Mean Ratio (%)" Within Subject:

rm___ __Estimmte } 90% ConfidenceEnterval] CVOG)
2x30mg vs. 1 x60mg ’

Cmax 93.72 8402 -» 10454 19.53

AUCOD) 9843 8131 —-» 11097 20.78

AUC(inf) 92.67 . 8150 —» 10536 15.75
4xiSmgvs. 1 x60mg .

Coax 97.74 8762 -» 10902 19.53

AUCO-t) 10042 807 —-» 1321 20.78

AUC@Gn0) ' 9229 . 8229 —» 10351 1375 ¢
4x1Smgvs.2x30mg -

Cmax 10428 N84 --» 11632 19.53

AUCO-t) 1oz . %49 —» 11502 20.78
L_Avcn 260 | ssos » s | 1575

'Based om anslvais of nateral log-transformed data.
d. Morphine-6-glucuronide

Mean plasma concentrations of morphine-6-glucuronide after administration of 60 mg of
codeine as 1 x 60 mg, 2 x 30 mg, and 4 x 15 mg tablets were comparable. Mean values
for Cmax and AUC(0-t) were comparable for all thee treatments (Table 4.2.5.7) with
geometric mean ratios rariging from 93% to 103% for all comparisons (Table 6). All of
the associated 90% confidence intervals were well within the 80% to 125% equivalence
window (Table 4.2.5.8) demonstrating bioequivalence among the three tablet

strengths with respect to M6G.
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Table 4.2.5.7: Summary of pharmacokinetic parameters for morphine-6-glucuronide after
oral administration of 60 mg doses of Roxane Laboratories' codeine tablets as 1 x 60 mg,
2 x 30 mg, and 4 x 15 mg tablets to healthy volunteers under fasted conditions.

Hrmm‘ 1x60mg 2x30mg 4x15mg
Cuoex (ng/mi) 185£9.16(18) | 173+£920(18) | 172+750(18)
Tioax (h) 138019 1.50(18) 150(18)
[1.00- 1.50] [0.75 - 2.00) (1.00—3.00]
AUCO) (oog/mil) | 102+49.1(17) | 107257207 | 101245301
 AUCGnf) (hxag/mil) 109£676(6) | 1B1x23(13) | 1324295(7)
Az 0.1052 £ 0.0729(6) | 0.0779 £ 0.0636 (13)] 0.0688 £ 0.0137 (7)
t% (b) 107£376(6) | 113+3.69(13) | 104+199(7)
La(Crwd 270£087(18) | 263+034(18) | 26620380(18)
{LalAUQO)] 448£059(17) | 450%065(7) | 4512048017
LafAUCGaf)] 4474080(6) | 478+£042013) | 486:023(7n) |

1Arithmetic moan + standard deviation (N) except for Tmax for

reported.

which the median (N) [Range] is

Table 4.2.5.8: Statistical comparison of pharmacokinetic parameters for morphine-6-

glucuronide after oral administration of 60 mg doses of Roxane Laboratories' codeine
tablets as 1 x 60 mg, 2 x 30 mg, and 4 x 15 mg tablets to healthy volunteers under

fasted conditions.

. Ratio (%)’ | Within Subject
| Pazasneter Estinate % L CVOS)
2x30mg vs. 1 x60 mg -

Coax 93.46 8529 —» 10241 1631

AUCOY) 102.13 8896 -» 11726 24.02

AUC(af) 11586 970 - 13464 14.50
4x15mg vs. 1 x60mg

Coax 9627 8785 -» 10549 1631

AUCO-t) 10346 9.11 -» 11878 24.02

AUCG) 98.63 8291 - 11734 14.50
4x1Smg vs. 2x30 mg

Comx 103.01 9400 -—» 11288 1631

AUC(O-D) 101.29 8823 — 11630 24.02

AUCGnl 1l 813 | 776 —» 9835 14.50
’Based on amalysis of natural log-transformed data.

Reviewer’s Comments:

1. After oral administration at a dose of 60 mg to fasted subjects, Roxane
Laboratories' 15 mg, 30 mg, and 60 mg codeine sulfate tablets were bicequivalent

with respect to the parent compound, codeine and the glucuronide metabolites

M3G and M6G.
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2.

Roxane Laboratories’ 15 mg, 30 mg, and 60 mg codeine sulfate tablets were not
bioequivalent with respect to the metabolite, morphine. However, morphine isa
minor metabolite and this finding is not clinically significant.
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4.2.6 Across Studies Analysis:
Single dose administration:

The bioavailability and pharmacokinetics of codeine and the metabolites morphine, M3G,
and M6G from the 15 mg, 30 mg, and 60 mg codeine sulfate tablets have been examined
in four studies, CODE-T60-PLFS-1, CODE-T30-PVFS-1, CODE-T60-PVFS/FD-, and
CODET15/30/60-PVFS-1. As demonstrated in the comparative bioavailability study in
which all treatment arms were administered as a 60 mg dose of codeine (15 mg tablet x 4,
30 mg tablet x 2, or 60 mg tablet x 1) (CODE-T60-PLFS-I), mean values of the geometric
mean ratios for Cmax," AUC(0-t), and AUC(in for the parent compound codeine and
metabolites morphine, M3G, and M6G were comparable for all thee treatment arms.
Bioequivalence was established among the three tablet strengths with respect to codeine
(See Food effects). When the 60 mg tablet was administered to a different cohort of
subjects (CODE-T15/30/60-PVFS-1), mean plasma concentrations for codcine were
comparable, as were the mean values for Cmax and AUC(inf) (see Individual study
reviews). In addition, dose linearity between the three formulations was established
(CODE-T15/30/60-PVFS-1) with respect to codeine, and was supported by the
metabolites morphine, M3G, and M6G. Comparisons of the mean Cmax and AUC (in
among the three tablet strengths and between the studies for codeine (Figure 4.2.6.1 and
Figure 4.2.6.2), morphine, M3G and M6G demonstrates consistency in the performance
of the different tablet strengths and dose proportionality.

Figure 4.2.6.1.: Comparison of mean + standard deviation Cmax for codeine after oral
administration of 15 mg, 30 mg, and 60 mg codeine suifate tablets under fasted

Tablet 60mg Tablet 60mg Tablet 0mg Tsblst 30mg Tablet 30wy Tablet 15mg
@VFS/FD-1) (PLFS-1)  (T153060- (T15-30-60- (T30PVFS-1) (T13-30-60-
A PVFS1)  PWFS-D) . PVFS-T)
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Figure 4.6.2.2.: Comparison of mean + standard deviation AUC (inf) for codeine after
oral administration of 15 mg, 30 mg, and 60 mg codeine sulfate tablets under fasted

conditions.

AUCGaf0*ng/ul)

" 2 N Y 2 i A A 2 )

" Tablet 60rag Tablet 60mg Tablst 601:0g Tablet 30mg Tablst 30mg Tablst 15myg
mb-l) @rsn (I15-3060- (T1530-60- (TIOPVFS-" (T15-30-60-
PVWSI)  PVFS) )] PVFS-1)

Multiple dose administration: There was concordance between the single-dose AUC(inf)
(Code T15-30-60-PVFS-I) and the 24-hour AUC at steady-state (AUC(0-24)) (Code
T15-PVFS-) of codeine for the 15 mg tablet, demonstrating linear pharmacokinetics
(Figure 4.2.6.3).

Figure 4.2.6.3.: Comparison of mean + standard deviation codeine AUC(inf) after a

single dose of the 15 mg tablet and AUC(0-24) at steady-state after oral administration of
the 15 mg tablet Q4H for five days. :

 AUC(aD or AUCE20R RPAL)
S EEEREEE

Talict Sagle Dose (T13-30-60-2W'S-1) Tablet eady-State GISMl)

Overall Conclusion:

The exposure characteristics observed for the parent codeine and the three metabolites,
morphine, M3G and M6G are comparable across studies.
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43. Filing checklist

Office of Clinical Pharmacology
New Drug Application Filing and Review Form

Clin. Pharm. and Bispharm. Informesion
X" i inciuded | Number of Nusmber of Critical Comments If any
at filing studles stadies
subssitted reviewed
m
"Tabie of Conteats preseat and sufficient & X
| locate reports, tables, dats, etc. —
T; Human Studies X
| Labeling X
_ o , — T X
Methods
__Isezyme characterization:
Healthy Volunteers-
single dose: X
. multiple dosc: X
Patients-
single dose: |
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fasting / non-fasting single dose: X 15, 30 30d 60 mg tabiets are
dese prepertional w.r.t
S— codeins
e fasting / s fastng nultiple dose:
| Drug-dreg intoraction studles - :
N In-vivo effects on primary drug:
In-vivo effects of prmary 9_5:_
|__Subpepulation studies -
_Cthaicity:
pender.
_pediatrics:
renal impairment: X Guay DR, Awni WM, Findlay
€ 1 Mesrature JWA, et al. Pharmacokinetics
reference " and phammacodynamics of
submitted) codeine in end-stage renal
disease. (Vi Pharmacaol Ther.
1988 Jan; 43:63-71. |
opatc g
__PD- —
Phase 2:
I Phase 3:
Phase 1 and/or of
) Phase 3 clinical trial:
|___Populstien Analyses -
Deata rich:
Data sparsc.
| 15 Biopharmacomtics _
| Absolute bicavallability
| Relative bisavailability -
solution as reference: — -
Alternate FORMULATION as reference: X Codeine Sulfste 30 mg v/s
Tylenel with codeine #3
(enhhu;‘lho
— phosphate 0 mg) = |
AluwllOU’l’Easm
Muoﬂde;l@:smglelmdudoss: X Dosage form biosquivalence
- - state
' ' replicate design; single / smulti dose:
__ Foed-drug interaction studies X
MMM based on BCS
Dissolstion study te evaluate alcohol indaced
M——;! =  studies
__ Pediatric development plan_ X
|__Literature Roferences X
Total Ni it of St
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On initia] review of the NDA/BLA application for filing:

Comment

Content Parameter

Criteria for Refusal to File (RTF)

[ Yes [No [ /A

1

Has the - applicant submitted bioequivalence data
companng to-be-marketed product(s) and those used
in the pivotal clinical trials? -

X

Hastheapphcantprovndedmetabohsmanddmg-dmg
interaction information?

L]

Has the sponsor submitted bioavailability data
satisfying the CFR requirements?

Did the sponsor submit data to allow the evaluation of
the validity of the analytical assay?

Is the clinical pharmacology and biopharmaceutics
section of the NDA organized, indexed and paginated
in 2 manner to allow substantive review to begin?

Has a rationale for dose selection been submitted?

)

w]

Is the clinical pharmacology and biopharmaceutics
section of the NDA legible so that a substantive
review can begin?

Ll

Is the electronic submission searchable, does it have

appropriate hyperlinks and do the hyperlinks work?

for of an NDA
Data

Are the data sets, as requested during pre-submission
discussions, submitted in the appropriate format (¢.g.,
CDISC)?

10

If applicable, are the pharmacogenomlc data sets
submitted in the appropriate format?

Studies and Analyses

1

Is the appropriate pharmacokinetic information
submitted?

12

Has the applicant made an appropmte attempt to
determine reasonable dose individualization strategies
for this product (i.c., appropriately designed and
analyzed dose-ranging or pivotal studies)?

13

Are the appropriate exposure-response (for desired
and undesired effects) analyses conducted and
submitted as-described in the Exposure-Response
guidance?

1

14

Isﬂlemmadequateattemptbytheapplwanttome
exposure-response relationships in order to assess the
need for dose adjustments for intrinsic/extrinsic
factors that might affect the pharmacokinetic or
pharmacodynamics?

"y

15

Are the pediatric exclusivity studies adequately
designed to demonstrate effectiveness, if the drug is
indeed effective?

The clinical and the Clin
Pharm review teams will
mkonﬂleproposed

16

Did the applicant submit all the pediatric exclusivity

“The clinical and the Clin
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17

Ts there adequate information on the pharmacokinetics X
and exposure-response in the clinical pharmacology
section of the label?

General

18

‘Are the clinical pharmacology and biopharmaceutics | X
studies of appropriate design and breadth of
investigation to meet basic requirements for
approvability of this product?

19

Was the translation (of study reports or other study ' X
information) from another language needed and _

provided in this submission?

IS THE CLINICAL PHARMACOLOGY SECTION OF THE APPLICATION
FILEABLE? _ | 4

YES

If the NDA/BLA is not fileable from the clinical pharmaoologypaspecﬁve,statemcreasomand
provide comments to be sent to the Applicant.

PleaseidentifyandlistanypomﬁalreviewissmstobeforwardedtodnApplicantforﬂn%—
day letter.

Team Leader/Supervisor ‘ ‘ Date
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