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1 Executive Summary 
 
Neuromed submitted a resubmission to the Approvable Letter for NDA 21-217 issued on October 
27, 2000, and is seeking approval of EXALGO (hydromorphone) Extended-Release (ER) Tablets 
for once daily administration for the management of moderate to severe pain in opioid tolerant 
patients requiring continuous, around-the-clock opioid analgesia for an extended period of time. 
The Approvable letter contains five deficiencies related to CMC, Nonclinical and Clinical. There is 
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no clinical pharmacology associated deficiency. Neuromed conducted Study NMT 1077-301 to 
address the clinical deficiency of “adequate and well-controlled study with multiple dosing of the 
to-be-marketed formulation, in the setting of moderate to severe pain, to establish the efficacy of 
the product”. Study NMT 1077-301 was a double-blind, placebo-controlled, 12-week, randomized 
withdrawal design in opioid-tolerant Low Back Pain patients.  
 
A total of 19 clinical pharmacology studies were included in this current submission. Thirteen (13) 
of them were either submitted in the original NDA 21-217 or included in the NDAs for Dilaudid 
(hydromorphone hydrochloride Oral Liquid) (NDA 19-891), Dilaudid (hydromorphone 
hydrochloride 8 mg Tablets) (NDA 18-892), or Dilaudid HP (hydromorphone hydrochloride 
Injection (NDA 19-034). Six new studies were submitted. This review focuses on the following in 
vivo studies: dosage form equivalence study (C-2005-032), single dose relative BA and food 
effect study (42801-PAI-1008), multiple dose relative BA study (42801-PAI-1009), alcohol 
interaction study (C-2005-020), and abuse potential study (C-2004-022). In addition, in vitro 
inhibition study, in vitro alcohol interaction study, and pediatric plan are also reviewed. 

1.1 Recommendation 
 
The Office of Clinical Pharmacology/Division of Clinical Pharmacology 2 (OCP/DCP-2) has 
reviewed this resubmission dated May 22, 2009 and finds it acceptable provided that a 
satisfactory agreement can be reached between the sponsor and the Agency regarding the 
language in the package insert. 
  

1.2 Phase IV Commitments 
 
None.  

1.3 Summary of Clinical Pharmacology and Biopharmaceutics Findings 
 
Dosage Form Equivalence (2 x 4 mg Exalgo v.s. 1 x 8 mg Exalgo ER tablets): Two of the 4 
mg tablets are bioequivalent to one 8 mg tablet. The least squares estimate of the ratios (2 x 4 
mg / 1 x 8 mg) for the AUCinf, AUCt, and Cmax are 101%, 103%, and 101%, respectively, and 
the corresponding 90% Confidence Intervals (CIs) are 96 -106%, 98 – 108%, and 96 – 106%. All 
of the 90% CIs are within the range of 80 to 125%. It should be noted that sponsor is not 
proposing to market 4 mg strength at this time. 
 
Relative Bioavailability (Exalgo ER tablet vs Immediate Release (IR) Tablet):  
Single dose: Single oral dose of the 16 mg Exalgo tablet provides equivalent AUCt or AUCinf of 
hydromorphone as the 4 mg IR tablet every 6 hours (q6h) under fasting condition. The point 
estimate of the geometric mean ratio (Exalgo ER tablet/IR tablet) for AUCinf and AUCt are 107% 
and 104%, respectively. The corresponding 90% CIs are 97 - 118% and 95 - 115%. On average, 
the Cmax value of Exalgo tablet and the reference IR tablet are 1.89 and 3.57 ng/mL, 
respectively.  
Multiple dose: Multiple oral doses of the once daily (qd) 16 mg Exalgo tablet provides equivalent 
exposure (AUC0-τ) of hydromorphone as the 4 mg IR tablet q6h at steady state under fasting 
condition. The point estimate of the geometric mean ratios (Exalgo tablet/IR tablet) for AUC0-τ is 
105% with 90% confidence interval of 100 to 111%. The plasma concentration fluctuation based 
on Cmax and Cmin values are significant less for Exalgo tablet than the IR tablet. On average, 
the steady state Cmax values of Exalgo 16 mg tablet qd and 4 mg IR tablet q6h are 3.54 ng/mL 
and 5.28 ng/mL, respectively. The steady state Cmin values of Exalgo 16 mg qd and 4 mg IR 
tablet q6h are 2.15 ng/mL and 1.47 ng/mL, respectively.     
 
Food Effect: Food does not affect the PK of Exalgo tablet. The point estimates of the geometric 
means ratios (fed/fasting) for AUClast, AUCinf, and Cmax are 100%, 100%, and 94%, 



C:\dmautop\temp\DCTM_ARP.doc  3

respectively. The corresponding 90% confidence intervals are 91 – 110%, 90 – 110%, and 85 – 
104%, respectively. All of the 90% confidence intervals fell within the range of 80-125%.  
 
Alcohol Effect: The controlled-release property of Exalgo tablet is maintained in the presence of 
alcohol and that there is no ‘dose dumping’ of hydromorphone. With various concentrations of 
alcohol (4%, 20% and 40%) the median Tmax is 12 to 16 hours with the range of 4 to 27 hours, 
which are similar to 0% alcohol. The Cmax values in the 3 alcohol treatments in the fasted state 
are higher than that in the 0% alcohol treatment, with mean geometric ratios of 117%, 131%, and 
128% for the 4%, 20%, and 40% alcohol treatments, respectively. In the fed state, the mean 
geometric ratios are 114%, 114%, and 110%, for the 4%, 20%, and 40% alcohol treatments, 
respectively. The maximal increase in Cmax observed in any individual subject is 2.5-fold in 
fasting condition and 2-fold under fed condition in the comparison of the 40% vs 0% alcohol 
treatments. Although the in vitro release rate is slightly increased in the presence of 40% alcohol, 
the release characteristics were maintained.  
 
Abuse Potential:  Because the Abuse Potential study (C-2004-022) contains both PK and PD 
data, this study is briefly reviewed. For comprehensive review, please refer to the review 
conducted by Control Substance Staff (CSS). Generally, the pharmacodynamic response profiles 
for all treatments reflected the pharmacokinetic profiles. The numerical trends for Cmax and 
maximum response for Drug Liking and Cole/ARCI subscales are in similar order. 
 
 
2 Question Based Review 
 

2.1 General Attributes of the Drug 
 
1. What pertinent regulatory background or history contributes to the current assessment of the 

clinical pharmacology and biopharmaceutics of this drug?  
 
Hydromorphone hydrochloride, a hydrogenated ketone of morphine, is a potent opioid analgesic 
first synthesized from morphine in 1921 and brought to market several years later. Several 
dosage forms are currently available for hydromorphone administration including immediate-
release (IR) tablet (NDA 18-892), oral liquid (NDA 19-891), and solutions for injection (NDA 19-
034).                                                                                                                                          
 
Knoll Pharmaceuticals submitted the original NDA 21-217 under the trade name of Dilaudid CR® 
8, 16, 32, and 64 mg strengths on December 28, 1999. The Agency issued an Approvable Letter 
on October 27, 2000 which contained five deficiencies in the Chemistry, Nonclinical and Clinical 
areas. No clinical pharmacology related deficiency was identified. This NDA was transferred to 
ALZA Corporation, a subsidiary of Johnson and Johnson, who changed the product name to 
OROS® Hydromorphone HCl. Neuromed acquired the US rights to the product from the ALZA 
Corporation in April 2007, and NDA 21-217 was transferred to Neuromed on October 5, 2007. 
The sponsor is now seeking approval of 8, 12, 16, and 32 mg strengths, not the 64 mg strength. 
In this review, both OROS and Exalgo are used interchangeably..  
 
Among all the 19 clinical pharmacology studies included in this current submission, 10 studies (D-
101, DO-123, DO-124, DO-129, D-102, D-103, C94-014-00, C-96-054-01, D-108, and D-109) 
were included in the original submission and were reviewed in the first review cycle (please find 
Dr. Albert Chen’s review in Appendix 1). Some of the studies were submitted to the NDAs for 
Dilaudid® products including NDA 19-891, NDA 19-892, and NDA 19-034. This review will focus 
on the following new studies: a dosage form equivalence study (C-2005-032), single dose relative 
BA and food effect study (42801-PAI-1008), multiple dose relative BA study (42801-PAI-1009), 
alcohol interaction study (C-2005-020) and abuse potential study (C-2004-022).  
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2. What are the proposed mechanism(s) of action and therapeutic indication(s)? 
 
The precise mechanism of action of hydrmorphone is not known, although it is believed to exert 
its primary effects on opioid receptors in the central nervous system. Hydromorphone is generally 
considered four to eight times more potent than morphine on a milligram-for-milligram basis. 
 
The proposed indication is for the management of moderate to severe pain in opioid tolerant 
patients requiring continuous, around-the-clock opioid analgeis for an extended period of time.  
 
3. What are the proposed dosage(s) and route(s) of administration? 
 
The proposed dose range of Exalgo is 12 mg to 64 mg once daily following oral administration. 
This controlled release dosage form, which utilized OROS technology, is developed in 4 strengths 
containing 8 mg, 12 mg, 16 mg, and 32 mg of hydromorphone. This technology has been used in 
other prescription and nonprescription products.  

2.2 General Clinical Pharmacology 
  
 
1. What is the protein binding of hydromorphone? 
 
The protein binding is low in human. Using a DIANORM equilibrium dialyser, the protein binding 
in human plasma is 27% at hydrmorphone concentrations of 10, 50, and 100 ng/mL. This is 
consistent with previously published literature data which showed a binding of 19% ± 9% (Parab 
etal, 1988; Reidenberg et al., 1988). The extent of binding is mainly mediated by albumin, with 
minimal contribution from α1-acid glycoprotein.  
  
2. What is the abuse potential of the Exalgo ER tablets? 
 
Abuse Potential study (C-2004-022) is briefly reviewed here. For comprehensive review, please 
refer to the review conducted by Control Substance Staff (CSS).  
 
Generally, the pharmacodynamic profiles for all treatments reflected the pharmacokinetic profiles. 
The numerical trends for Cmax and maximum response for Drug Liking and Cole/ARCI 
subscales: stimulation - Euphoria are in the similar order. 
 
Study C-2004-022 is a single-center, single-dose, double-blind, double-dummy, placebo-
controlled, randomized, crossover study in healthy subjects who had a history of polydrug use 
and moderate opiate use, but were not dependent on opiates. It consists of two phases, Phase A 
and Phase B. In phase A, each subject received single doses of Exalgo hydromorphone 16 mg, 
Exalgo hydromorphone 32 mg, Exalgo hydromorphone 8 mg crushed, hydromorphone 8 mg IR 
tablet (active control), and placebo. If all treatments were well tolerated, subjects entered Phase 
B. In Phase B, subjects received single doses of Exalgo hydromorphone 64 mg and 
hydromorphone 8 mg IR tablet (active control). Sixty-four subjects were screened, 38 subjected 
were treated in and 30 completed Phase A, and 29 subjects were treated in and 28 completed 
Phase B of the study.  
 
Figure 1 shows the PK profiles for subjects who completed Phase A. Table 1 summaries the PK 
parameters for subjects who completed Phase A and Phase B.  In Phase A, the PK profile of 
crushed Exalgo 8 mg was similar to that of 8 mg IR tablet, with Tmax values around 1.4 to 1.7 
hours. The Tmax values of different strengths of Exalgo intact tablets were 16 to 18 hours. The 
numerical trend of Cmax values is 8 mg IR tablet > Exalgo 8 mg crushed > Exalgo 32 mg intact > 
Exalgo 16 mg intact. The PK profiles of IR 8 mg tablet is similar between Phase A and Phase B. 
In Phase B, the Exalgo 64 mg intact tablet has similar Cmax as the 8 mg IR tablet.  
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Figure 1 Mean (SD) Plasma Hydromorphone concentration Profiles (all subjects who completed 
Phase A) 
 
Table 1 Mean (SD) Plasma Hydromorphone Pharmacokinetic Parameters  

Phase A (n = 30) Phase B ( n = 28) Parameter 
8 mg IR 
tablet 

Exalgo  
32 mg  

Exalgo  
16 mg 

Exalgo  
8 mg crushed 

8 mg IR 
Tablet 

Exalgo 
64 mg 

Cmax 
(ng/mL) 

4.86 (2.3) 2.79 (0.66) 1.50 
(0.41) 

3.67 (1.5) 5.00 (2.6) 4.43 (1.6) 

Tmax (h) 1.43 (0.75) 17.0 (5.7) 16.0 (4.7) 1.74 (0.93) 1.49 (1.0) 18.3 (7.1) 
T1/2 (h) 12.1 (4.0) 16.5 (2.9) 16.9 (5.3) 12.4 (3.4) 13.9 (6.1) Not 

estimable 
AUCt 
(ng.h/mL) 

23.5 (7.5) 81.1 (15) 41.1 (11) 21.4 (6.9) 21.9 (6.6) 140 (46) 

AUCinf 
(ng.h/mL) 

25.7 (7.7) 101 918) 50.9 (14) 24.0 (6.5) 24.5 (6.3) Not 
estimable 

 
 
To illustrate the PD effects, the data for Drug Liking and Cole/ARCI subscales: stimulation – 
Euphoria are shown in Figures 2 and 3, and Tables 2 and 3. The time course of Drug Liking for 
Exalgo crushed 8 mg is similar to 8 mg IR tablet, with the time to maximal response at 
approximately 2 hours. The time to maximal response for different strengths of Exalgo tablets 
were 6 to 12 hours. The numerically trend for the maximal scores is similar to Cmax values. In 
comparing to 8 mg IR tablet, Exalgo 64 mg tablet has a higher maximum score (79.7 vs 70.1), 
although the Cmax values were comparable. Similar trend is observed for Euphoria. 
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Figure 2 Mean (SD) Profile of Subjective Effect Visual Analog Scale – Drug Liking by Treatment 
in Subjects Who Completed Phase A. 
 
 
 

 
 
Figure 3 Mean (SD) Pofile of Cole/ARCI Subscales: Stimulation – Euphoria by Treatment in 
Subjects Who Completed Phase A 
 
Table 2 Maximum Scores on the Subjective Effects VAS – Drug Liking by Treatment 
Treatment Mean (SE) Median Min, Max 

8 mg IR tablet 78.3 (2.8) 77.0 50, 100 
Exalgo 32 mg 73.6 (2.8)* 72.0 50, 100 
Exalgo 16 mg 65.0 (3.8) 65.0 0, 100 

Phase A n = 30 

Exalgo 8 mg 75.8 (2.8) 76.0 50, 100 
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crushed 
Placebo 42.8 (3.8) 50.0 0, 66 
8 mg IR 70.1 (4.8) 75.5 0, 100 Phase B n = 28 
Exalgo 64 mg 79.7 (3.4) 85.0 35, 100 

 
Table 3 Maximum Scores for Cole/ARCI Subscales: Stimulation – Euphoria 
Treatment Mean (SE) Median Min, Max 

8 mg IR Tablet 16.9 (1.8) 15.5 0, 42 
Exalgo 32 mg 13.2 (1.9) 11.5 0, 39 
Exalgo 16 mg 9.9 (1.5) 7.0 0, 28 
Exalgo 8 mg 
crushed 

14.7 (1.8) 15.5 0, 34 

Phase A n = 30 

Placebo 4.4 (1.0) 2.0 0, 20 
8 mg IR Tablet 12.8 (1.5) 12.5 0, 26 Phase B n = 28 
Exalgo 64 mg 16.6 (2.0) 17.0 0, 42 

 

2.3 Intrinsic Factors 
 
1. What is the pediatric plan? 
 
Under the Pediatric Research Equity Act (PREA), all applications for new active ingredients, new 
indications, new dosage forms, new dosing regiments, or new route of administration are required 
to contain an assessment of the safety and effectiveness of the product for the claimed 
indications in pediatric patients unless this requirement is waived, deferred, or inapplicable. This 
application represents a new indication, new dosage form and new dosing regiments.  
 
To fulfill the PREA requirement, sponsor requested waiver for ages 0 to 2 and submitted a 
pediatric plan for deferred studies for ages 2 to 17. Sponsor plans to submit a protocol to conduct 
a PK study in age 7 – 17 using the existing dosage strengths of Exalgo.  

 
 

 
 
 

 
  

 
Proposed studies: 
 

1. A Phase 1, Pharmacokinetic Study in Children (Ages 7 – 17) who are opioid Tolerant with 
Chronic Pain 

2.  
 

3. A Phase 1, Pharmacokinetic Study in Children (Ages 2 - < 7) who are Opioid Tolerant 
with Chronic Pain 

4.  
 

 
PeRC meeting was held on October 14, 2009, it was concluded that agency is waiving the 
pediatric study requirement for ages 0 through 2 years for this application because necessary 
studies are impossible or highly impracticable. Agency is deferring submission of pediatric studies 
for ages 2 through 17 years for this application in a defined timeline. Since chewing tablet may 
defeat the extended release characteristics, the children should be taught not to chew the tablets.  

(b) (4)

(b) (4)

(b) (4)
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2.4 Extrinsic Factors 
 
1. Does alcohol affect the PK of EXALGO? 
 
In the presence of alcohol (up to 240 mL of 40%), the extended release profile of Exalgo is 
maintained and there is no significant potential for “dose dumping”.  
 
The effect of various concentrations of alcohol (240 mL of 0%, 4%, 20%, and 40% alcohol in 
orange juice) on the PK of EXALGO was assessed in Protocol C-2005-020-01. Protocol C-2005-
020-01 is a single center, open-label, randomized, 4-treatment, 4-period, 4-sequence, crossover 
study in 2 groups (fasting and high-fat fed conditions) of healthy subjects. Subjects also received 
oral naltrexone 50 mg as an opioid antagonist 14 hours and 2 hours before each dose of study 
treatment and twice daily during the 48 hours after each dose. Forty-eight subjects were enrolled 
(24 in each group) and 39 subjects completed the study (20 in Group 1 and 19 in Group 2). 
 
Study results (Tables 4 and 5) demonstrated that the overall pharmacokinetic profiles were 
similar for all treatments.  Median Tmax values were 16 hours with range of 6 to 27 hours for 0% 
alcohol. With various concentration of alcohol (4%, 20% and 40%) the median Tmax was 12 to 16 
hours with the range of 4 to 27 hours. The AUC values were not affected by alcohol. The 
geometric mean Cmax values were increased by 17%, 31% and 28% with 4%, 20%, and 40% 
alcohol, respectively, under fasting condition. Under fed condition, the geometric mean Cmax 
values were increased by 10% to 14% with 4%, 20%, and 40% alcohol. The maximal increase in 
Cmax observed in one individual was 2.5-fold under fasted condition and 2-fold under fed 
condition in the comparison of the 40% vs 0% alcohol treatments. 
 
Table 4 Plasma Hydromorphone Pharmacokinetic Parameters Available Data Minus Outliers 
(Dataset #3) under Fasting Condition (Protocol C-2005-020-01) 
Mean (SD) Treatment A 

0% Alcohol 
N = 20 

Treatment B 
4% Alcohol 

N = 22 

Treatment C 
20% Alcohol 

N = 19 

Treatment D 
40% Alcohol 

N = 17 
Cmax (ng/mL) 1.37 (0.32) 1.56 (0.39) 1.90 (0.66) 1.89 (0.85) 
Tmax (h) 
[Median (Range)] 

16 (6-27) 12 (6-27) 12 (4-16) 12 (6- 24) 

T1/2 (h) 12.4 (5.1)a 12.6 (6.5)b 12.4 (7.2)c 11.1 (3.0)d 
AUCinf 40.6 (11.0) 39.9 (14.1) 43.7 (12.1) 42.2 (13.2) 

Arithmetic Ratio: Mean (Range) 
Cmax -- 1.19 (0.8 – 1.7) 1.35 (0.7 – 2.4) 1.37 (0.7 – 2.5) 
AUCinf -- 1.01 (0.4 – 1.5) 1.05 (0.6 – 1.3) 1.03 (0.6 – 1.7) 

Geometric Ratio: Mean (90% CI) 
Cmax -- 116.70 (104.48 – 

130.36) 
131.16 (117.01-

147.02) 
128.31 (114.18 – 

144.17) 
AUCinf -- 96.83 (87.48-

107.17) 
103.21 (92.93-

114.62) 
101.65 (91.32-

113.13) 
a n=19, b n=20, c n=18, d n=16 
 
Table 5 Plasma Hydromorphone Pharmacokinetic Parameters Available Data Minus Outliers 
(Dataset #3) under Fed Condition (Protocol C-2005-020-01) 
Mean (SD) Treatment E 

0% Alcohol 
N = 18 

Treatment F 
4% Alcohol 

N = 20 

Treatment G 
20% Alcohol 

N = 16 

Treatment H 
40% Alcohol 

N = 20 
Cmax (ng/mL) 1.42 (0.50) 1.64 (0.60) 1.52 (0.32) 1.56 (0.56) 
Tmax (h) 
[Median (Range)] 

16 (6-27) 12 (8-24) 12 (6-24) 16 (6-27) 

T1/2 (h) 11.6 (5.1)a 11.6 (4.9)b 10.4 (3.9)c 10.8 (4.8) 
AUCinf 37.1 (8.6) 36.7 (10.5) 36.6 (9.7) 34.8 (11.9) 
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Arithmetic Ratio: Mean (Range) 
Cmax -- 1.20 (0.7-1.8)a 1.20 (0.8-1.9)c 1.14 (0.6-2.0)a 
AUCinf -- 0.97 (0.6 -1.3)a 1.09 (0.8-1.7)c 0.96 (0.5-1.4)a 

Geometric Ratio: Mean (90% CI) 
Cmax -- 113.72 (99.97-

129.36) 
114.36 (100.14-

130.61) 
110.34 (97.08-

125.41) 
AUCinf -- 94.72 (86.44-

103.79) 
106.21 (96.63-

116.73) 
94.09 (85.91-

103.04) 
a n=17, b n=18, c n=15 
 
In vitro dissolution study results (Figure 4 and Table 6) showed a slight increase in release rate at 
early time points but the overall dissolution profiles were not affected by various concentrations of 
ethanol (up to 40%).  
 
 

 
Figure 4 In vitro Cumulative Release Profiles of Exalgo Hydromorphone 16 mg Tablets in 
Different Percentage of Ethanol  
 
 
Table 6 Cumulative Release Profiles of Exalgo Hydromorphone 16 mg Tablets in Different 
Percentages of Ethanol using USP Type VII 

Time 
Hour 

0% Ethanol 
N = 6 

% Label Claim 

4% Ethanol 
N = 6 

% Label Claim 

20% Ethanol 
N = 6 

% Label Claim 

40% Ethanol 
N = 6 

% Label Claim 
2 
4 
6 
8 
10 
12 
14 
16 
18 

0.47 
9.82 

21.48 
33.61 
46.64 
58.79 
70.72 
83.17 
90.00 

0.72 
10.08 
22.04 
33.48 
45.08 
56.92 
69.18 
81.14 
89.70 

0.65 
12.84 
27.55 
41.79 
55.79 
69.45 
82.55 
93.08 
97.51 

4.02 
25.34 
45.39 
64.44 
81.13 
91.37 
94.03 
95.06 
95.83 
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20 
22 
24 

91.65 
92.82 
93.75 

 
 

94.99 

 
 

100.36 

 
 

97.14 
Residual 9.56 10.10 6.28 3.12 

Mass 
Balance 

103.31 105.10 106.65 100.26 

 
 
2. Is hydromorphone an inhibitor of CYP enzymes? 
 
The inhibition study in pooled human liver microsomes suggested that hydromorphone would not 
significantly inhibit CYP1A2 (phenacetin), 2C9 (tolbutamide), 2C19 (S-mephenytoin), 2D6 
(dextromethorphan), 3A4 (testosterone), or 4A11 (lauric acid) at therapeutic concentrations.   
 
Table 7 Activities of CYPs in the presence of various concentrations of Hydromorphone 

 

2.5 General Biopharmaceutics 
  
1. Is the bioavailability of Exalgo tablet  similar to immediate release hydromorphone (Dilaudid) 

tablet following single dose administration? 
 
A single oral dose of 16 mg Exalgo hydromorphone tablet provides similar exposure (AUClast 
and AUCinf) as compared to 16 mg IR tablets (4 mg q6h) (Study 42801-PAI-1008). Study 42801-
PAI-1008 was a randomized, open-label, single-center, three-period, crossover study conducted 
in healthy subjects. The administration of the first of the four doses of the IR tablet of 
hydromorphone, on Day 1, occurred after at least a 12-hour fast (Treatment B). Subjects fasted 
again for approximately 2 hours prior to and after each subsequent IR dose. Administration of 
Exalgo hydromorphone formulation occurred after a 12-hr fast (Treatment A) and under high-fat 
fed condition (Treatment C). Subjects were dosed with naltrexone at 14 hours and 2 hours prior 
to the initiation of dosing, and continued at 12-hour intervals up to 58 hours post dose. Thirty (30) 
(23 males and 7 females) were enrolled and 29 subjects completed the study.  
 
Figure 5 shows the PK profiles. The statistical results for the assessment of relative bioavailability 
between Exalgo hydromorphone and IR hydromorphone (Dilaudid) tablet are presented in the 
Table 8. Results showed that the ratio of the geometric means for log transformed AUC values as 
well as its corresponding confidence intervals fell within the range of 80% to 125%. On average, 
the Cmax values of Exalgo 16 mg tablet were 47% lower than 4 mg IR q6h.   
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Figure 5 Mean Plasma Concentration-Time Profiles of Hydromorphone Following Single Oral 
Dose Administration of 16 mg Exalgo Formulation Under Fed and Fasted Conditions and 4 mg 
Dilaudid tablet Administered q6h Under Fasted Conditions in Healthy Subjects (Study 42801-PAI-
1008) 
 
Table 8 Mean (SD) PK parameter of hydromorphone following single oral administration of a 16 
mg Exalgo hydromorphone formulation under fasted condition and 4 mg IR hydromorphone tablet 
administered every 6 hours under fasted condition in healthy adults subjects (Study 42801-PAI-
1008) 

Parameter Exalgo Tablet Fasted 
(Treatment A, N = 30) 

IR Tablet Fasted 
(Treatment B, N = 30) 

AUClast (ng.h/ml) 
AUCinf (ng.h/mL) 
Cmax (ng/mL) 
T1/2 (h) 
Tmax (h)a 

46.9 (13.8) 
50.2 (16.2) 
1.89 (0.48) 
14.4 (6.04) 

17.9 (6.01 – 24.2) 

43.9 (10.4) 
45.5 (10.3) 
3.57 (1.46) 
12.7 (3.43) 

0.5 (0.5 – 2.0) 
Geometric Mean Ratio 
(Exalgo/IR) % (90% CI) 
AUClast 
AUCinf 

 
 

104.3 (94.9 – 114.7) 
107.1 (97.0 – 118.1) 

 
 
 

a tmax reported as median (range) 
 
2. Is the bioavailability of Exalgo Hydromorphone similar to immediate release hydromorphone 

(Dilaudid) tablet  following multiple dose administration? 
 
Multiple doses of the once-daily 16 mg Exalgo tablets provided the same exposure (AUC0-τ) of 
hydromorphone as the 4-times daily 4 mg IR hydromorphone (Dilaudid) tablets. At steady state, 
the plasma concentration fluctuation based on Cmax and Cmin values were significant less for 
Exalgo formulation than the IR tablet. Study results are consistent with the findings from Study C-
96-054, which was submitted in the original NDA. 
 
Study 42801-PAI-1009 was a randomized, open-label, single-center, multiple-dose, two period 
crossover study conducted in healthy adults subjects. Subjects received the Exalgo 
hydromorphone formulation one dose every 24 hours, following a 12 hour fast for a total of 5 days 
(Treatment A). IR tablet 4 mg was given every 6 hours for a total of 20 doses over a 5-day period 
(Treatment B).  Subjects received a concomitant dosing regimen of naltrexone 50 mg, in order to 
block the opioid effects of hydromorphone. Subjects were dosed with naltrexone at 14 hours and 
2 hours prior to the initiation of dosing on Day 1, and thus dosing continued at 12-hour intervals 
up to 130 hours postdose on Day 1. A total of 30 subjects (15 males and 15 females) were 
enrolled and 29 subjects completed the study.  
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Study results are presented in Figure 6 and Table 9. Multiple oral doses of the once-daily 16 mg 
Exalgo formulation provided the same exposure (AUC0-τ) of hydromorphone as the 4-times daily 
4 mg IR hydromorphone (Dilaudid) tablet. At steady state, the Cmax values of Exalgo formulation 
is less than the IR tablet. The Cmin values of Exalgo formulation is greater than the IR tablet.  

 
 
Figure 6 Mean Plasma Concentration-Time Profiles of Hydromorphone on Day 5 Following 
Multiple Oral Doses of 16 mg Exalgo Tablets and 4 mg Dilaudid Tablet Administered q6h Under 
Fasted Conditions in Healthy Subjects (Study 42801-PAI-1009).  
 
Table 9 Mean (SD) PK parameter of hydromorphone following multiple oral doses of a 16 mg 
Exalgo tablet and 4 mg IR hydrmorphone tablet administered every 6 hours under fasted 
conditions in healthy adult subjects on Day 5 (Study 42801-PAI-1009) 

PK Parameter Exalgo Tablet 
N= 29 

IR Tablet 
N = 29 

AUC(0-τ) (ng.h/mL)a 
Cmax,ss (ng/mL) 
Cmin,ss (ng/mL) 
Cssav (ng/mL) 
Tmax,ss (h)b 
Flux (%)c 

57.6 (16.3) 
3.54 (0.959) 
2.15 (0.872) 
2.40 (0.678) 

11.9 (5.92-24.2) 
97.1 (144) 

54.8 (14.8) 
5.28 (1.37) 
1.47 (0.417) 
2.28 (0.618) 
0.75 (0.5-2) 
277 (115) 

Geometric Mean Ratio 
(Exalgo/IR) % (90% CI) 
AUC0-τ  

 
 

105.2 (99.9 – 110.8) 

 
 

-- 
    a τ = 24 hours b median (range) c Flux is defined as (Cmaxss – Cminss)/Cminss x 100 
 
Based on the pre-dose concentrations collected on Days 2, 3, 4, 5, and trough levels on Day 6, it 
was concluded that steady state was attained by Day 4 (Table 10).  
 
Table 10 Pre-dose Concentrations Geometric Means (%CV) per Treatment and Time Point 

 
 
 
3. Does food affect the bioavailability of hydromorphone from the dosage form? 
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High fat meal does not affect the bioavailability of Exalgo tablets as shown in Study 42801-PAI-
1008. Study 42801-PAI-1008 was a randomized, open-label, single-center, three-period 
crossover study. Naltrexone 50 mg oral tablet was given to block the opiod effect. High-fat meal 
consists of 2 strips of fried bacon, 2 eggs fried in butter, 4 ounces (120 grm) hash brown potatos 
fried in butter, 2 buttered pieces of white toast and 240 mL whole milk. The meal were served 30 
minutes before study drug administration and completely eaten within 30 minutes. The PK results 
for single dose of 16 mg Exalgo tablet under fasting and high-fat fed conditions are presented in 
the Table 11.  
 
The 90% confidence intervals for the ratios of geometric means between Exalgo under fasted and 
fed conditions for Cmax and all AUC values were contained within the 80-125%. Based on these 
results, food does not affect the PK of Exalgo tablet.  
 
 
Table 11 Mean (SD) Plasma Pharmacokinetic Parameters of Hydromorphone following single 
oral administration of a 16 mg Exalgo tablet under fasted and fed conditions in healthy adults 
subjects (Study 42801-PAI-1008) 

Parameter Exalgo Fasted 
(Treatment A, N = 30) 

Exalgo High-Fat Fed 
(Treatment C, N = 29) 

AUClast (ng.h/ml) 
AUCinf (ng.h/mL) 
Cmax (ng/mL) 
T1/2 (h) 
Tmaxa (h) 

46.9 (13.8) 
50.2 (16.2) 
1.89 (0.48) 
14.4 (6.04) 

17.9 (6.01 – 24.2) 

45.9 (12.2) 
48.4 (11.6) 
1.78 (0.50) 
14.4 (4.14) 

16.0 (5.92 – 24.2) 
Geometric Mean Ratio 
(Fed/Fasted) (%) (90% CI) 
AUClast  
AUCinf 
Cmax 

 
 

100.3 (91.1 – 110.3) 
99.5 (90.1 – 109.9) 
94.5 (85.4 – 104.4) 

 

a Median (Range) 
  
 
4. Is the dosage form equivalence established for the 4 mg tablet compared to 8 mg strength 

tablet? 
 
The dosage form equivalence between 2 x 4 mg and 1 x8 mg Exalgo tablets were established 
because the point estimate of geometric mean ratios and its corresponding 90% confidence 
intervals for AUCinf, AUCt, and Cmax were within the range of 80 – 125%.  
 
Study C-2005-032-02 compared 2 x 4 mg and 1 x 8 mg in healthy subjects. This was a single-
centre, single-dose, open-label, 2-treatment, 2-period, 2-sequence, crossover study. Each subject 
received 2 x 4 mg (Treatment A) and 1 x 8 mg (Treatment B) under fasting condition. For each 
treatment, subjects received naltrexone 50 mg as the opioid antagonist 14 hours and 2 hours 
before dosing, and twice daily during dosing through 46 hours post-dose. There are a total of 52 
subjects enrolled and 50 subjects completed the study.  
 
Results of the PK parameters and the statistical analysis are summarized in Table 12. The point 
estimate of the ratios for the log-transformed AUCinf, AUCt, and Cmax were 101.14%, 102.69%, 
and 100.97%, respectively, and the 90% confidence intervals were within the range of 80% to 
125%, indicating that the 2 x 4 mg and 1 x 8 mg were bioequivalent. 
 
Table 12 Mean (SD) Plasma Pharmacokinetic Parameters of Hydromorphone following single 
oral administration of 2 x 4 mg and 1 x 8 mg Exalgo tablets under fast condition in healthy adults 
subjects (Study C-2005-032) 



C:\dmautop\temp\DCTM_ARP.doc  14

PK Parameter Treatment A 
Exalgo 2 x 4 mg 

n = 50 

Treatment B 
Exalgo 1 x 8 mg 

n = 50 
Cmax (ng/mL) 
Tmax (h) 
T1/2 (h) 
AUCt (ng.h/mL)c 
AUCinf (ng.h/mL) 

0.92 (0.25) 
15.0 (5.83) 
12.5 (4.4)a 
23.3 (7.0)a 
25.2 (7.2) 

0.92 (0.29) 
15.8 (6.82) 
13.3 (5.3)b 
22.8 (7.3)b 
25.1 (7.5) 

Geometric Mean Ratio (2 x 4 
mg/1 x 8 mg) % (90% CI) 
AUCinf 
AUCt 
Cmax  

 
 

101.14 (96.30 – 106.22) 
102.69 (97.92 – 107.69) 
100.97 (96.37 – 105.80) 

 
 

-- 

a n=47 b n= 48 c AUCt was based on a sampling duration of 56 hours. 
 

2.6 Analytical Section 
 
1. What bioanalytical methods are used to assess concentrations? 
 
LC/MS/MS method ATM-862 was used in all the studies including Studies 42801-PAI-1008, 
42801-PAI-1009, C2004-022, C-2005-020, and C-2005-032. The minimum quantifiable 
hydromorphone concentration is 0.05 ng/mL. The calibration curve was linear in the range of 0.05 
to 10.0 ng/mL. Precision and accuracy were determined by replicate analyses of human plasma 
quality-control pools spiked with hydromorphone prepared at 0.05 ng/mL and 3 QCs (0.150, 2.00, 
and 8.00 ng/mL). Precision was measured as the percent coefficient of variation (%CV) of the 
values determined for each pool. Accuracy was expressed as the percent difference between the 
mean value for each pool and the theoretical concentration. The interassay precision and 
accuracy ranges spanning the lower limit of quantitation (LLOQ), low, middle, and high 
hydromorphone quality control (QC) sample concentrations used during the sample analysis are 
summarized in Table 13.  
 
Table 13 Summary of the Assay Performance: Precision and Accuracy of Standards and Quality 
Controls 

Study # Inter-assay accuracy (% Bias) Inter-assay precision (%CV) 
42801-PAI-1008 -6.8 – -0.7 3.2 – 6.0 
42801-PAI-1009 -4.8 – -1.1 2.8 – 6.2 
C-2004-022 -5.3 – 5.8 4.7 – 9.2 
C-2005-020 -5.3 – 1.6 4.2 – 8.5 
C-2005-032 -5.0 – 1.0 4.4 – 13.2 

 
.  
 
3 Detailed Labeling Recommendations  
 
The following labeling comments are proposed by this reviewer. (Deletion is shown by Red Strike 
through, addition is shown by blue underline) 
 

6 Page(s) of Draft Labeling have been Withheld in Full immediately 
following this page as B4 (CCI/TS)



C:\dmautop\temp\DCTM_ARP.doc  21

 
4 Appendix 

4.1 Clinical Pharmacology Filing Memo 
 
 

Office of Clinical Pharmacology 
New Drug Application Filing and Review Form 

General Information About the Submission 
 Information  Information 

NDA/BLA Number 21-217 Brand Name Exalgo 
OCP Division (I, II, III, IV, V) II Generic Name Hydromorphone 
Medical Division DARRP Drug Class Opioid 
OCP Reviewer Wei Qiu, Ph.D. Indication(s) Moderate to severe pain in 

opioid tolerant patients 
OCP Team Leader Suresh Doddapaneni, Ph.D. Dosage Form Tablet 
Pharmacometrics Reviewer N/A Dosing Regimen QD 
Date of Submission May 22, 2009 Route of Administration Oral 
Estimated Due Date of OCP Review October 21, 2009 Sponsor Neuromed 
Medical Division Due Date October 23, 2009 Priority Classification Standard resubmission 
PDUFA Due Date November 22, 2009   

Clin. Pharm. and Biopharm. Information 
 “X” if included 

at filing 
Number of 
studies 
submitted 

Number of 
studies 
reviewed 

Critical Comments If any 

STUDY TYPE                                                                                                                           

Table of Contents present and sufficient to 
locate reports, tables, data, etc. 

             X                                                            

Tabular Listing of All Human Studies               X                                                             
HPK Summary               X                                                       
Labeling               X                                                        
Reference Bioanalytical and Analytical 
Methods 

             X      1 1  

I.  Clinical Pharmacology                                                                                                   
    Mass balance:     
    Isozyme characterization:     
    Blood/plasma ratio:     
    Plasma protein binding: x 1 1  
    Pharmacokinetics (e.g., Phase I) -                                                                                                   
Healthy Volunteers-                                                                                                  

single dose:     
multiple dose:     

Patients-                                                                                                   
single dose:     

multiple dose:     
   Dose proportionality -                                                                                                   

fasting / non-fasting single dose:     
fasting / non-fasting multiple dose:     

    Drug-drug interaction studies -                                                                                                                            
In-vivo effects on primary drug:     
In-vivo effects of primary drug:     

In-vitro: x 1 1  
    Subpopulation studies -                                                                                                                            

ethnicity:     
gender:     

pediatrics:     
geriatrics:     

renal impairment:     
hepatic impairment:     

    PD -                                                                                                                            
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Phase 2:     
Phase 3:     

    PK/PD -                                                    
Phase 1 and/or 2, proof of concept:     

Phase 3 clinical trial:     
    Population Analyses -                                                    

Data rich:     
Data sparse:     

II.  Biopharmaceutics                                                                                                                            
    Absolute bioavailability     
    Relative bioavailability -                                                                                                                            

solution as reference:     
alternate formulation as reference: x 3 3 42801-PAI-1008, 42801-

PAI-1009, and C-2005-032 
    Bioequivalence studies -                                                                                                                            

traditional design; single / multi dose:     
replicate design; single / multi dose:     

    Food-drug interaction studies x   Part of study 42801-PAI-
1008 

    Bio-waiver request based on BCS     
    BCS class     
    Alcohol induced dose-dumping x 2 2 One in vivo (C-2005-020) 

and one in vitro 
dissolution study 

    Abuse potential x 1 1 C-2004-022 
III.  Other CPB Studies                                                                                                                            
    Genotype/phenotype studies     
    Chronopharmacokinetics     
    Pediatric development plan x 1 1 Deferred studies in 

children aged 2 to 17 
years 

    Literature References     
Total Number of Studies  10 10  
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4.2 Clinical Pharmacology Review of Original NDA 
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4.3 Individual Study Synopsis 
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ONDQA BIOPHARMACEUTICS REVIEW 
 

NDA#:     21-217  
Submission Date:   5/22/2009 
Generic Name:   OROS Hydromorphone HCl 
Formulation:    SR Tablets 
Strength:    8, 16, 32 and 64 mg 
Sponsor:    Neuromed Pharmaceuticals 
Reviewer:    John Duan, Ph.D. 
Submission Type:   Complete response 

 
BACKGROUND 
 
Oros Hydromorphone HCl is proposed to be indicated for moderate to severe pain. It is 
an orally administered extended release formulation using OROS Push-Pull technology to 
deliver hydromorphone HCl in a controlled manner over 24 hours.  
 
NDA 21-217 was originally submitted on December 28, 1999 by Knoll Pharmaceuticals 
under the trade name of Dilaudid CR®. Knoll received an Approvable Letter from the 
FDA on October 27, 2000 which contained five deficiencies in the Chemistry, 
Nonclinical and Clinical areas. The NDA was subsequently transferred to the ALZA 
Corporation, a subsidiary of Johnson and Johnson, who changed the name to OROS® 
Hydromorphone HCI. ALZA continued discussions with the Division up to 2007 in order 
to reach agreement on addressing the deficiencies in the Approvable Letter. Neuromed 
acquired the U.S. rights to the product from the ALZA Corporation in April 2007, and 
NDA 21-217 was transferred to Neuromed on October 5, 2007. Neuromed established the 
company code of NMED-I077 to refer to the OROS Hydromorphone formulation. 
Johnson and Johnson has maintained ex-U.S. rights to the product; OROS 
hydromorphone is now approved in 26 countries and is currently being marketed 
internationally under the trademark of JURNISTA®.  
 
Neuromed opened IND 78,223 on July 19, 2007 to continue development of EXALGO 
(hydromorphone HCI) Extended-Release Tablets. A 12 mg dosage strength has been 
developed to complement the dosage strengths (8, 16, 32 and 64 mg) that were originally 
submitted. A submission dated June 12, 2008 requested waiver for an in vivo 
bioavailability study for the 12 mg dosage strength. To support the biowaiver, a dose 
proportionality study report was submitted along with the rationale for the waiver 
request. However, although a biowaiver for lower strength 12 mg is possible based on the 
establishment of the dose proportionality study reviewed previously, the supportive 
information is not adequate in the following regards. 
 

• The exact weight of each excipient in each strength and the percent excipient 
(w/w) out of total target dosage form weight should be provided. 

• Dissolution comparisons should be performed in at least three media (e.g., pH 1.2, 
4.5, and 6.8 buffer). The raw data, dissolution conditions and detailed profile 
comparisons should be submitted. 
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The above information was requested and the current submission is an NDA 
resubmission including the responses to the request.  
 
THE COMPOSITIONS OF DIFFERENT STRENGTHS 
 
Table 1 and Table 2 show the quantitative compositions for all strengths.  As can be seen, 
the major components have similar percentages in each strength. However, the weights of 
the tablet layers are different. Considering the confirmed dose proportionality study, the 
weights of the tablet layer do not play a significant role in the bioavailability. The 
strength of 12 mg, which is the subject of current biowaiver, is bracketed between 8 mg 
and 16 mg. 
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Table 2. Quantitative formulation (mg) for each tablet layer present in each OROS 
hydromorphone HCl Dosage strength 
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