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Abstract: This double-blind, placebo-controlled study evaluated the efficacy and safety of 

hydrocodone extended release (ER) developed with abuse-deterrence technology to provide 

sustained pain relief and limit effects of alcohol and tablet manipulation on drug release. Eligible 

patients with chronic moderate-to-severe low back or osteoarthritis pain were titrated to an 

analgesic dose of hydrocodone ER (15–90 mg) and randomized to placebo or hydrocodone 

ER every 12 hours. The primary efficacy measure was change from baseline to week 12 in 

weekly average pain intensity (API; 0=no pain, 10=worst pain imaginable). Secondary mea-

sures included percentage of patients with .33% and .50% increases from baseline in weekly 

API, change from baseline in weekly worst pain intensity, supplemental opioid usage, aberrant 

drug-use behaviors, and adverse events. Overall, 294 patients were randomized and received $1 

dose of placebo (n=148) or hydrocodone ER (n=146). Weekly API did not differ significantly 

between hydrocodone ER and placebo at week 12 (P=0.134); although, in post hoc analyses, 

the change in weekly API was significantly lower with hydrocodone ER when excluding the 

lowest dose (15 mg; least squares mean, −0.20 vs 0.40; P=0.032). Significantly more patients 

had .33% and .50% increase in weekly API with placebo (P,0.05), and mean weekly worst 

pain intensity was significantly lower with hydrocodone ER at week 12 (P=0.026). Supplemental 

medication usage was higher with placebo (86%) than hydrocodone ER (79%). Incidence of 

aberrant drug-use behaviors was low, and adverse events were similar between groups. This study 

did not meet the primary endpoint, although results support the effectiveness of this hydrocodone 

ER formulation in managing chronic low back or osteoarthritis pain. Use of the hydrocodone 

ER 15-mg dose, a robust placebo response, and use of supplemental analgesics, particularly in 

the placebo group, may have limited detection of a statistically significant treatment effect, and 

additional research is needed to clarify these findings.

Keywords: clinical trial, aberrant behaviors, opioid analgesics, opioid diversion, opioid loss, 

abuse deterrent

Introduction
Chronic pain affects an estimated 100 million adults in the US and costs $560–$635 

billion each year, exceeding annual cost estimates for heart disease, cancer, and 

diabetes.1,2 The conditions most frequently associated with chronic pain include low 

back pain and osteoarthritis.3,4 Chronic pain associated with these conditions can cause 
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significant impairments in overall quality of life, mental health, 

employment status, sleep, and personal relationships.5–7

Clinical guidelines support the use of opioids as part 

of a comprehensive pain management program for patients 

with chronic, moderate-to-severe pain.8–11 Short-acting 

opioids (eg, immediate-release [IR] hydromorphone, IR 

hydrocodone, IR oxycodone) typically provide 4–6  hours 

of pain relief and have relatively short plasma half-lives that 

require frequent dosing, potentially reducing medication 

compliance.12,13 Extended-release (ER) opioid formula-

tions may offer a longer duration of effect and less frequent  

dosing13; however, they require an increase in total medication 

load, which introduces a need to protect against the potential 

for abuse when tablets are manipulated for alternative routes 

of administration (eg, insufflation, injection) or dose dump-

ing when mixed with alcohol.14 As a result, the US Food and 

Drug Administration has emphasized that the development of 

abuse-deterrent opioid formulations is a high public health 

priority.15

Until recently, hydrocodone bitartrate was available 

in the US only in IR formulations in combination with 

other medications such as acetaminophen and ibuprofen.16 

Acetaminophen-induced hepatic toxicity and nonsteroidal 

anti-inflammatory drug (NSAID)-related gastrointestinal/

renal/cardiovascular effects are important safety concerns for 

patients taking these hydrocodone combination products.17–19 

Acetaminophen overdose is a leading cause of acute liver 

failure in the US, prompting the US Food and Drug Admin-

istration to reduce the maximum dosage strength of acet-

aminophen in prescription combination products.20,21 The 

non-opioid components of hydrocodone combination prod-

ucts can also limit successful opioid dose titration because 

they are associated with a dosage ceiling beyond which no 

further pain relief is generally seen, although additional 

adverse events (AEs) may occur.22

A new, single-agent (ie, acetaminophen and ibupro-

fen free) ER formulation of hydrocodone bitartrate (Teva 

Pharmaceuticals, Frazer, PA, USA) that employs the CIMA® 

Abuse-Deterrence Technology (ADT) platform (CIMA 

LABS, Inc., Brooklyn Park, MN, USA) was developed23 to 

provide sustained pain relief with twice-daily dosing. The 

physical properties of this formulation were designed to 

limit the effects of alcohol and tablet manipulation on drug 

release, thus reducing the potential for abuse and adverse con-

sequences of overdose. In Phase I studies, this formulation of 

hydrocodone ER was well tolerated and shown to have a dose-

proportional pharmacokinetic profile that was qualitatively 

similar after single- and multiple-dose administration.24,25 

The objective of this study was to evaluate the efficacy and 

safety of this formulation of hydrocodone ER tablets at doses 

of 15–90 mg administered every 12 hours compared with 

placebo in alleviating moderate-to-severe chronic pain in 

patients with osteoarthritis or low back pain.

Methods
This Phase III, randomized, double-blind, placebo-controlled 

study was conducted at 71 sites in the US between November 

2010 and August 2011 (ClinicalTrials.gov, NCT01240863). 

The study was conducted in full accordance with the Interna-

tional Conference on Harmonization Good Clinical Practice: 

Consolidated Guideline and any applicable national and local 

laws and regulations.26 Before the study was initiated, the 

protocol was reviewed and approved by each site’s indepen-

dent ethics committee or institutional review board. Written 

informed consent was obtained from each patient before any 

study procedures or assessments were done.

Patients
Men and women of 18–80 years were eligible for inclusion 

in the study if they had pain of $3 months’ duration associ-

ated with osteoarthritis or low back pain and an average pain 

intensity (API) score $5 on an eleven-point numerical rat-

ing scale (0=no pain, 10=worst pain imaginable) during the 

previous 24 hours. For patients receiving physical therapy, 

biofeedback therapy, acupuncture therapy, or herbal rem-

edies, these therapies had to remain unchanged during the 

study. Women of childbearing potential were required to use 

a medically accepted method of contraception and agree to 

continue its use for the duration of the study and for 30 days 

after participation in the study; patients had to have a nega-

tive pregnancy test at screening. Patients were categorized 

as either opioid naïve (taking ,10 mg/day of oxycodone, or 

equivalent, for 14 days before screening) or opioid experi-

enced (taking $10 mg/day but #135 mg/day of oxycodone, 

or equivalent, including around-the-clock medication and 

rescue medications, for 14  days before screening) at the 

time of enrollment.

Patients were excluded from the study if their primary 

painful condition was related to a source of chronic pain 

other than osteoarthritis or low back pain, if they had a recent 

history (#5 years) or current evidence of alcohol or other 

substance abuse (except nicotine or caffeine), or were tak-

ing .135 mg/day of oxycodone, or equivalent, during the 

14 days before screening. In addition, they were excluded 

if they had any medical or psychiatric disease that could 

compromise data collection or any cardiopulmonary disease 
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that would significantly increase the risk of treatment with 

opioids; a positive urine drug screen that was not medically 

explainable; active malignancy, human immunodeficiency 

virus, or surgery planned during the study; treatment with a 

monoamine oxidase inhibitor within 14 days; any clinically 

significant deviation from normal in physical examination 

and/or clinical laboratory test values; and any hypersensitivi-

ties, allergies, or other contraindications to any ingredient in 

the study medication.

Study design
The study consisted of a screening period, an open-label titra-

tion period, and a double-blind treatment period (Figure 1). 

During the screening period, investigators screened patients 

per the inclusion/exclusion criteria, recorded patients’ 

medical and medication history, and conducted detailed pain 

assessments, clinical laboratory tests, electrocardiograms, 

urine drug screening, and a physical examination (including 

vital sign measurements).

During the open-label titration period, eligible patients 

titrated to an analgesic dose (ie, stable pain relief without 

unacceptable AEs) of hydrocodone ER (15  mg, 30  mg, 

45  mg, 60  mg, or 90  mg every 12  hours) (Teva Pharma-

ceuticals); patients were maintained on their analgesic dose 

for up to 7 days. Stable pain relief was defined as an API 

score of #4 within the past 24 hours for 3 consecutive days 

or for at least 3 of 5 consecutive days. Opioid-naïve patients 

initiated titration with hydrocodone ER 15 mg administered 

every 12  hours. Opioid-experienced patients switched 

from their previous opioid medications to a percentage of 

their calculated equianalgesic dose of hydrocodone ER 

(Figure S1). Follow-up visits (generally ~7 days apart) and 

daily telephone calls were scheduled to review pain inten-

sity scores, medication usage, and other study assessments 

recorded in an electronic patient diary. If an analgesic dose 

was identified via telephone before a scheduled visit, patients 

were to continue taking hydrocodone ER at that dose and 

return to the clinic within 7 days for randomization into the 

double-blind treatment period. Patients who were unable to 

identify an analgesic dose were discontinued from the study. 

If needed, patients were allowed to administer NSAIDs (eg, 

ibuprofen at a maximum dosage of 2,400 mg/day) for condi-

tions other than the primary pain condition for a maximum 

of 10 consecutive days; no additional analgesic medications 

were permitted during open-label titration. Patients complet-

ing the open-label titration period entered a double-blind 

treatment period.

During the double-blind treatment period, patients were 

randomized 1:1 to administer placebo or hydrocodone ER 

at the identified analgesic dose (15–90 mg) every 12 hours 

for 12 weeks. The randomization code was generated by the 

study sponsor and reviewed by a statistician not assigned to 

the study. Patients were randomly assigned with an interac-

tive voice/web response system to ensure balance across 

treatment groups. Patients, investigators, and all study spon-

sor clinical personnel remained blinded throughout the study. 

Randomization was stratified by opioid treatment status at 

study enrollment (ie, opioid naïve or opioid experienced). 

To reduce the risk of opioid withdrawal in patients random-

ized to receive placebo, a step-wise, double-blind tapering 

schedule was implemented during the first 2 weeks of the 

12-week, double-blind, treatment period. The tapering sched-

ule varied according to the analgesic dose of hydrocodone 

ER identified in the titration period. During tapering, patients 

Open-label titration period
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Hydrocodone ER every 12 hours
Opioid-naïve patients: started at
15 mg and titrated up if needed
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Hydrocodone ER every 12 hours
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calculated from prior opioid dose
and titrated up if needed

Double-blind treatment period

7–14 days Up to 6 weeks
12 weeks

(first 2 weeks = tapering period)

121110987654321

Figure 1 Phase III, placebo-controlled study of hydrocodone ER in treatment of chronic osteoarthritis or low back pain: study design.
Abbreviation: ER, extended release.
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were permitted to administer hydrocodone/acetaminophen 

5 mg/325 mg every 4–6 hours as needed, for a total daily 

hydrocodone dose of 30 mg.

Starting at week 3 and for the remainder of the double-

blind treatment period until week 12 (or early termination), 

patients received placebo or the hydrocodone ER dose to 

which they were randomized. Patients were permitted to 

administer hydrocodone/acetaminophen tablets 5/325  mg 

as needed, up to a total daily hydrocodone dose of 10 mg. 

Those who increased the daily dose of supplemental medica-

tion above hydrocodone 10 mg/day on two occasions or who 

required 7 continuous days of rescue medication use were 

discontinued from the study. NSAIDs were also permitted 

on an as-needed basis (eg, ibuprofen at a maximum dosage 

of 2,400 mg/day). Daily telephone calls were scheduled for 

days 1–6, 8–13, and 15–20, and clinic visits were scheduled 

at weeks 1, 2, 4, 8, and 12 after randomization.

Study assessments
Efficacy
Patients recorded their API and worst pain intensity (WPI) 

scores daily in an electronic diary using an eleven-point 

numeric rating scale (0=no pain, 10=worst pain imaginable). 

The primary efficacy measure was the change from baseline 

(final visit of the open-label titration period) to week 12 in 

the mean weekly API. The baseline weekly API score was 

calculated by averaging API scores over the 3–12 days at the 

end of the open-label titration period, when the analgesic dose 

of hydrocodone ER was confirmed, before randomization. 

Decreases in mean weekly API score indicated that patients 

had less pain and showed improvement.

Secondary eff icacy measures included the change 

from baseline in the weekly average of daily API scores at 

weeks 1, 2, 4, and 8; the percentage of patients with .33% 

and .50% increases from baseline in weekly API at weeks 

1, 2, 4, 8, and 12; change from baseline in the weekly aver-

age of daily WPI scores at weeks 1, 2, 4, 8, and 12; and use 

of supplemental opioid medication during the double-blind 

treatment period.

Additional secondary measures included functional 

improvement and change in overall patient status, evaluated 

through the use of several questionnaires. The Patient Assess-

ment of Function (PAF) and Clinician Assessment of Patient 

Function (CAPF) questionnaires, completed at weeks 4, 8, 

and 12, were used to measure a patient’s ability to function 

in normal activities. Answers on the PAF and CAPF were 

rated on a seven-point numeric scale (1=very much worsened, 

7=very much improved). The Clinical Global Impression 

of Severity of Illness (CGI-S) questionnaire,27 completed 

prior to open-label titration, at baseline, and at weeks 1, 2, 

4, 8, and 12, was used to assess the severity of the patient’s 

pain condition and response to treatment. Answers were 

rated based on seven categories: normal (shows no signs 

of illness), borderline ill, mildly (slightly) ill, moderately 

ill, markedly ill, severely ill, and most extremely ill. The 

Brief Pain Inventory-Short Form (BPI-SF),28 completed 

prior to open-label titration, at baseline, and at weeks 1, 2, 

4, 8, and 12, was used to measure the severity of pain and 

impact of pain on daily functions. The 36-Item Short Form 

(SF-36) Health Survey,29,30 a clinician-rated scale completed 

prior to open-label titration, at baseline, and at week 12, was 

used to assess physical functioning, role limitations due to 

physical health problems, bodily pain, social functioning, 

general mental health, emotional problems, vitality, energy 

or fatigue, and general health perceptions.

A post hoc analysis was conducted to assess change in 

weekly API scores, which excluded patients administering 

the lowest dose of hydrocodone ER (15 mg, n=36) or match-

ing placebo (n=43).

Safety
Safety and tolerability were assessed throughout the study 

by monitoring AEs and serious AEs, clinical laboratory test 

results (chemistry, hematology, and urinalysis), electrocar-

diogram findings, physical examination findings (including 

vital sign measurements), and concomitant medication use. 

Vital signs (pulse, systolic and diastolic blood pressure) were 

measured at screening and each study visit during the open-

label titration and double-blind treatment periods. Clinical 

laboratory tests and 12-lead electrocardiograms were con-

ducted at screening and the last visit during the double-blind 

treatment period (week 12 or early termination). Additional 

safety measures included pure tone audiometry, Subjective 

Opioid Withdrawal Scale (SOWS),31 Clinical Opiate With-

drawal Scale (COWS),32 Screener and Opioid Assessment 

for Patients with Pain–Revised (SOAPP-R),33 Addiction 

Behaviors Checklist (ABC),34 and the Current Opioid Misuse 

Measure (COMM).35 Pure tone audiometry was performed 

by the individual study centers before and during the open-

label titration period (before study drug exposure at visit 2 

and after 1 week of exposure to the study drug at visit 3), 

at baseline, and at the final visit of the double-blind treat-

ment period (week 12 or early termination). Results of the 

SOWS were collected in the patient diary daily during the 

first 4 weeks of the double-blind treatment period, and then 

assessed at weeks 8 and 12. The COWS was administered 
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at baseline and each visit of the double-blind treatment 

period. The SOAPP-R was administered at the beginning 

of the open-label titration period, and the ABC and COMM 

were administered at the beginning of the open-label titra-

tion period, at baseline, and at weeks 1, 4, 8, and 12 of the 

double-blind treatment period.

Statistical analysis
An estimated 266 evaluable patients were required to be 

enrolled in the double-blind treatment period to achieve a 

90% power to detect an effect size of $0.4 on the primary 

efficacy variable (two-sided t-test; significance level of 0.05). 

All randomized patients who received at least one dose of 

study medication during the double-blind treatment period 

were evaluable for primary and secondary efficacy analyses. 

The primary efficacy measure was analyzed using an analysis 

of covariance model, with treatment and previous opioid 

treatment status as fixed effects and screening and baseline 

pain intensities as covariates. Comparisons for secondary 

efficacy variables (weekly API, weekly WPI, CGI-S, BPI-SF, 

and SF-36) were assessed using the same analysis of cova-

riance model. A multiple imputation method was used to 

manage missing API and WPI data. Comparisons between 

hydrocodone ER and placebo for percentage of patients 

with .33% and .50% increases in weekly API, CAPF, and 

PAF were assessed using a Cochran–Mantel–Haenszel test, 

controlling for the randomization stratus effect. All statisti-

cal tests were two sided. Nominal P-values were reported 

without adjusting for multiplicities. All statistical analyses 

were conducted using SAS version 9.1.3 (SAS Institute, 

Cary, NC, USA).

All patients who received at least one dose of study 

medication were included in the safety analyses. AEs were 

summarized by treatment group. All safety comparisons were 

summarized descriptively.

Post hoc analyses assessing the change in mean weekly 

API scores, excluding patients administering the lowest dose 

of hydrocodone ER (15 mg) or matching placebo, were also 

conducted.

Results
Patients
Patient disposition is summarized in Figure 2. A total of 

519 patients were screened, 391 patients were enrolled, and 

389 patients received at least one dose of hydrocodone ER 

in the titration period and were evaluable for safety. A total 

of 294 (75%) patients identified an analgesic dose of hydro-

codone ER and were randomly assigned in the double-blind 

treatment period to receive hydrocodone ER (n=146) or 

placebo (n=148). Twenty-seven percent of patients were 

titrated to a hydrocodone ER analgesic dose of 30 mg/

day, 26% were titrated to 60 mg/day, 22% were titrated to 

90  mg/day, 15% were titrated to 120  mg, and 11% were 

titrated to 180 mg/day. In all, 293 patients were evaluable 

for efficacy (one patient randomized to receive placebo did 

not receive study medication) and 196 completed the double-

blind treatment period, 94 (64%) in the hydrocodone ER 

group and 102 (69%) in the placebo group.

Patient demographics and other baseline characteristics 

were similar between treatment groups (Table 1). The mean 

(standard deviation) age of randomized patients was 53.1 

(11.3)  years, and the majority (72%) of patients had low 

back pain. Half of the patients were opioid naïve, and half 

were opioid experienced.

Efficacy
From baseline to week 12, the adjusted least squares mean 

(LSM) of weekly API decreased for patients in the hydro-

codone ER group (−0.22), indicating the patients had less 

pain and showed improvement, but this value increased for 

patients in the placebo group (0.14), indicating patients had 

worsening pain. However, the primary efficacy measure of 

•   Adverse event 47

•  Exclusion criteria met 81
•  Consent withdrawn 19
•  Inclusion criteria not met 17
•  Lost to follow-up 4

7

1
1

•   Lack of efficacy 19
•   Consent withdrawn 9
•   Protocol violation 7

•   Other 7

3

3

Completed study 94
Discontinued 52
•   Protocol violation 14

11

•   Adverse event 10
•   Lack of efficacy 5

5
2

•   Other 5

Completed study 102
Discontinued 45

•   Lack of efficacy 17
•   Adverse event 4
•   Protocol violation 9

9

•   Consent withdrawn 3
•   Noncompliance with 
    study procedures

2

•   Other 1

Screened
n=519

Patients enrolled
n=391

Titration period
n=389

(safety analysis set)

Patients identifying an effective
analgesic dose of hydrocodone
ER and randomized to double-

blind treatment period
(n=294)

Excluded (n=2)

•  Consent withdrawn
•  Lost to follow-up

•  Other  

Excluded (n=128)

Excluded (n=95)

Hydrocodone ER
n=146

(evaluable for efficacy)

Placebo
n=147a

(evaluable for efficacy)

•   Noncompliance with 
    study medication

•   Consent withdrawn
•   Noncompliance with
    study procedures

•   Noncompliance with 
    study medication

•   Noncompliance with
    study medication

•   Noncompliance with
    study procedures

Figure 2 Patient disposition in Phase III study of hydrocodone ER in patients with 
chronic osteoarthritis or low back pain.
Note: aOne patient randomized to receive placebo did not receive study medication 
and was therefore not evaluable for efficacy.
Abbreviation: ER, extended release.
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the change from baseline to week 12 in mean weekly API 

score was not significantly different between placebo and 

hydrocodone ER (P=0.134). Mean weekly API scores dur-

ing the double-blind treatment period are shown in Figure 3. 

Significant differences between hydrocodone ER and placebo 

were observed at week 2 (LSM: −0.17 vs 0.14 [P=0.049]) 

and week 8 (LSM: −0.61 vs 0.02 [P=0.002]).

A significantly higher proportion of patients had .33% 

increases from baseline in mean weekly API with pla-

cebo vs hydrocodone ER starting at week 2 (22% vs 11% 

[P=0.016]) and persisting through week 12 (24% vs 11% 

[P=0.017]; Figure 4A). In addition, a significantly higher 

incidence of .50% increases from baseline were observed 

with placebo vs hydrocodone ER at week 8 (18% vs 6% 

[P=0.005]) and week 12 (15% vs 6% [P=0.041]; Figure 4B). 

The higher increases seen in the placebo group occurred 

irrespective of whether the patients were opioid naïve or 

opioid experienced.

Mean weekly WPI scores during the double-blind treat-

ment period are shown in Figure 5. The change from baseline 

in the mean weekly WPI score was significantly different 

with placebo vs hydrocodone ER at week 2 (0.27 vs −0.15 

[P=0.025]), week 8 (0.00 vs −0.68 [P=0.004]), and week 12 

(−0.03 vs −0.60 [P=0.025]).
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Figure 3 Mean (±SE) weekly average pain intensity (API) scores over time for patients in the placebo and hydrocodone extended release (ER) treatment groups.
Abbreviation: SE, standard error.

Table 1 Baseline patient demographics and characteristics – full analysis set

Placebo (n=148) Hydrocodone ER (n=146) Total (N=294) P-value (placebo vs 
hydrocodone ER)

Age, mean (SD), years 52.7 (12.1) 53.6 (10.4) 53.1 (11.3) 0.53a

Female, n (%) 88 (59) 87 (60) 175 (60) 0.98b

Race, n (%)
  White 105 (71) 115 (79) 220 (75) 0.21b

  Black 41 (28) 28 (19) 69 (23)
  Other 2 (1) 3 (2) 5 (2)
BMI, mean (SD), kg/m2 32.8 (7.3) 33.0 (8.2) 32.9 (7.7) 0.87a

Type of pain, n (%)
  Low back pain 107 (72) 104 (71) 211 (72) –e

  Osteoarthritis 41 (28) 42 (29) 83 (28)
Duration since diagnosis, mean (SD), years 12.5 (9.1) 12.1 (10.0) 12.3 (9.5) –
  Opioid status, n (%)
    Opioid-naïve 72 (49) 75 (51) 147 (50) 0.64b

      Not on opioid therapy 45 (30) 46 (32) 91 (31)
    Opioid-experienced 76 (51) 71 (49) 147 (50)
Duration on opioid therapy, mean (SD), years 4.1 (4.9) 3.9 (4.8) 4.0 (4.8) –
Weekly average API, mean (SE)c,d 6.6 (0.1) 6.6 (0.1) – –

Notes: aP-values based on ANOVA model with treatment as the factor for continuous variables; bP-values for categorical variables based on Pearson’s chi-square test; cvalues 
at screening prior to the open-label titration period; dn=147 for placebo group; edashes indicate this value was not calculated.
Abbreviations: ANOVA, analysis of variance; API, average pain intensity; BMI, body mass index; ER, extended-release; SD, standard deviation; SE, standard error.
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A larger percentage of patients in the placebo group required 

supplemental opioid medication to control pain during the 

double-blind treatment period compared with patients in the 

hydrocodone ER group (86% vs 79%). During weeks 1–12, 

the mean daily dose of opioid rescue medication (hydrocodone 

equivalent dose) ranged from 2.2 mg to 5.4 mg in the placebo 

group and from 2.0 mg to 3.5 mg in the hydrocodone ER group 

(Figure 6). The mean daily dose of opioid rescue medication 

taken during the 2-week tapering schedule of the double-

blind treatment period was higher among placebo-treated 

patients (4.4  mg) compared with hydrocodone ER-treated 

patients (2.7 mg). After the 2-week taper, during weeks 3–12 

of the double-blind treatment period, the mean dose of rescue 

medication was 3.3 mg for the placebo-treated patients and 

2.4 mg for the hydrocodone ER-treated patients.

No significant differences were observed between pla-

cebo and hydrocodone ER on the PAF, CAPF, CGI-S, or 

most subscales of the BPI-SF or SF-36.

Post hoc analyses
Post hoc analyses were conducted in an attempt to deter-

mine a possible reason that a statistically significant dif-

ference between the hydrocodone ER and placebo groups 

on the primary efficacy measure (API) was not attained. 

Table 2 Adverse events occurring in $5% of patients

Open-label titration period –  
safety analysis set

Double-blind treatment period – 
full analysis set

Opioid-naïve  
(n=189)

Opioid-experienced  
(n=200)

Placebo  
(n=147)

Hydrocodone 
ER (n=146)

Patients with $1 AE, n (%) 111 (59) 116 (58) 91 (62) 93 (64)

AEs with incidence $5%, n (%)
 N ausea 39 (21) 31 (16) 9 (6) 19 (13)
 H eadache 17 (9) 26 (13) 8 (5) 10 (7)
  Back pain 0 3 (2) 7 (5) 1 (,1)
 C onstipation 28 (15) 27 (14) 7 (5) 19 (13)
  URTI 3 (2) 1 (,1) 7 (5) 7 (5)
  Vomiting 15 (8) 10 (5) 5 (3) 9 (6)
  Dry mouth 9 (5) 6 (3) 2 (1) 2 (1)
  Fatigue 8 (4) 10 (5) 2 (1) 1 (,1)
  Dizziness 14 (7) 8 (4) 1 (,1) 3 (2)
  Pruritus 16 (8) 4 (2) 1 (,1) 3 (2)
 S omnolence 23 (12) 22 (11) 1 (,1) 3 (2)

Note: All values are number of patients (percentage of patients).
Abbreviations: AE, adverse event; ER, extended release; URTI, upper respiratory tract infection.

7

6

5

4
H

yd
ro

co
d

o
n

e 
eq

u
iv

al
en

t 
d

o
se

 (
m

g
)

3

2

1

0

W
ee

k 1

W
ee

k 2

W
ee

k 4

W
ee

k 8

W
ee

k 1
2

Week of treatment

Placebo

Hydrocodone ER

Figure 6 Mean (±SE) daily dosage of opioid supplemental medication (hydrocodone equivalent dose) in the placebo and hydrocodone extended-release (ER) treatment 
groups from week 1 to week 12 of the double-blind treatment period.
Abbreviation: SE, standard error.

www.dovepress.com
www.dovepress.com
www.dovepress.com


Journal of Pain Research 2015:8 submit your manuscript | www.dovepress.com

Dovepress 

Dovepress

631

Hydrocodone ER formulated with abuse-deterrence technology for chronic pain

Patients receiving the lowest titration dose of hydrocodone 

ER (15 mg) or matching placebo composed 27% (79/293) 

of the patients randomized. Post hoc analyses that excluded 

these patients found that the change from baseline to 

week 12 in the mean weekly API score (primary efficacy 

measure) was significantly lower in the hydrocodone ER 

group vs the placebo group (LSM: −0.20 vs 0.40 [P=0.032]). 

Analyses of the change from baseline to week 12 in weekly 

API score by dose groups of hydrocodone ER did not show 

statistically significant differences between the hydrocodone 

ER and the placebo groups. Mean weekly API scores for 

patients in the hydrocodone ER 15 mg group and match-

ing placebo group were lower at screening (5.86 and 6.07, 

respectively) compared with the higher dose hydrocodone ER 

and matching placebo groups (hydrocodone ER, 6.57–7.19; 

placebo, 6.63–7.19). However, at baseline of the double-

blind treatment period, mean weekly API scores were similar 

between the hydrocodone ER 15 mg and matching placebo 

groups (3.69 and 3.70, respectively) and the higher dose 

hydrocodone ER and matching placebo groups (hydrocodone 

ER, 3.75–3.88; placebo, 3.67–4.01).

Safety and tolerability
AEs occurring in $5% of patients in any treatment group are 

summarized by study period in Table 2. A total of 111 (59%) 

opioid-naïve and 116 (58%) opioid-experienced patients 

reported at least one AE during the open-label titration period. 

The most frequent AE was nausea, occurring in 39 (21%) 

opioid-naïve and 31 (16%) opioid-experienced patients. 

During the double-blind treatment period, 93 (64%) patients 

in the hydrocodone ER group and 91 (62%) patients in the 

placebo group reported at least one AE. The most frequently 

occurring AEs were constipation (13% vs 5%, respectively) 

and nausea (13% vs 6%, respectively).

Sixty patients were discontinued from the study because 

of AEs; 48 during the open-label titration period (opioid 

naïve, n=33; opioid experienced, n=15) and 12 during 

the double-blind treatment period (hydrocodone ER, n=9; 

placebo, n=3). AEs leading to discontinuation in at least 

two patients included nausea (n=17), somnolence (n=14), 

vomiting (n=6), dizziness (n=6), constipation (n=5), 

headache (n=3), and fatigue, decreased appetite, sedation, 

insomnia, nervousness, and hyperhidrosis (n=2 each) in 

the open-label titration period and somnolence (n=2) in the 

double-blind treatment period.

No deaths or AEs of respiratory depression were reported 

during the study. Eight patients had at least one serious AEs 

during the study; two (1%) opioid-experienced patients 

during the open-label titration period and six patients during 

the double-blind treatment period (hydrocodone ER, n=3 

[2%]; placebo, n=3 [2%]). The only serious AEs considered 

by the investigator to be treatment related were two episodes 

of acute pancreatitis, which occurred in one patient with a 

history of cholecystectomy in the hydrocodone ER group. 

This patient subsequently developed chronic pancreatitis.

There were no clinically meaningful changes from 

baseline to endpoint in pulse or systolic and diastolic blood 

pressure values after treatment with hydrocodone ER. Small 

mean changes from baseline to endpoint in electrocardiogram 

parameters were seen among patients receiving hydrocodone 

ER compared with patients receiving placebo. The changes 

were consistent across time and were not considered to be 

clinically meaningful. There were also no clinically meaning-

ful trends in mean changes from baseline to endpoint in pure 

tone audiometry results for patients treated with hydrocodone 

ER. Mean changes from baseline to final values were minimal 

at all hearing thresholds (range −2.6 to 1.3 decibel levels).

Mean SOWS scores and the proportion of patients in each 

category of withdrawal symptoms (normal, mild, moderate, 

moderately severe, or severe withdrawal) were similar for 

patients in the placebo and hydrocodone ER treatment groups 

at each visit. At endpoint (last observation carried forward), 

the majority of patients classified their opioid withdrawal 

symptoms as normal (hydrocodone ER, 74%; placebo, 79%). 

No patients in either treatment group classified themselves 

as having severe withdrawal symptoms at any time point 

during the study. Mean COWS scores and the proportions 

of patients in each category of withdrawal symptoms were 

also similar between treatment groups at each visit. At 

endpoint, the majority of patients in both treatment groups 

were categorized by their physicians as having normal opi-

oid withdrawal symptoms (hydrocodone ER, 95%; placebo, 

97%). No patient in either treatment group was categorized 

as having moderately severe or severe withdrawal symptoms 

at any time point.

The majority (∼75%) of patients randomized to hydro-

codone ER (n=104; 71%) and placebo (n=116; 78%) had 

SOAPP-R total scores ,18, which was predictive of a 

low risk for aberrant drug-related behaviors. At the begin-

ning of the open-label titration period (visit 2), 22 patients 

(hydrocodone ER, n=15; placebo, n=7) had positive results 

for aberrant drug-use behaviors, as indicated by SOAPP-R 

total score $18 and COMM total score $9, and three patients 

(hydrocodone ER, n=2; placebo, n=1) had positive results for 

inappropriate opioid use behaviors, as indicated by SOAPP-R 

total score $18 and ABC total score $3. At endpoint, the 
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majority (72%) of patients had no indication of aberrant 

drug-use behavior or inappropriate opioid use; 210 patients 

(hydrocodone ER, n=100; placebo, n=110) had SOAPP-R 

total score ,18 and COMM total score ,9, and 212 patients 

(hydrocodone ER, n=101; placebo, n=111) had SOAPP-R 

total score ,18 and ABC total score ,3.

Four patients (1%) reported study drug diversion 

during the study; three reported theft of rescue medica-

tion (hydrocodone/acetaminophen; two of these patients 

were withdrawn from the study) and the fourth patient 

returned unknown medication instead of hydrocodone ER. 

Thirty-five (,9%) patients enrolled in the study reported loss 

of study drug (hydrocodone ER, rescue medication, and/or 

placebo tablets). The most frequent reason for loss of study 

drug was the patient dropping the tablets and not being able 

to retrieve them (eg, in the sink, in the toilet, behind the 

refrigerator, or on the floor). Twenty nine of these 35 patients 

reported loss of at least one tablet of hydrocodone ER, 

four reported loss of at least one tablet of rescue medication, 

and eight reported loss of at least one tablet of placebo.

Discussion
In this randomized, double-blind, placebo-controlled study of 

patients with osteoarthritis or low back pain, the difference 

between the hydrocodone ER and placebo groups was not 

statistically significant for the primary efficacy measure of 

change from baseline to week 12 in mean weekly API score. 

A post hoc analysis of the primary efficacy measure showed 

that the change from baseline to week 12 in mean weekly 

API was significantly lower in the hydrocodone ER group 

vs the placebo group when the lowest hydrocodone ER dose 

group (15 mg) and matching placebo group were excluded 

from the analysis. Significant differences were observed on 

several secondary measures, including the proportion of 

patients with .33% and .50% increases in weekly API and 

mean WPI scores. For the other secondary efficacy measures 

(PAF, CAPF, CGI-S, BPI-SF, and SF-36 scores), there were 

generally no statistically significant differences (P.0.05) 

between the hydrocodone ER and placebo groups.

Several potential reasons may have contributed to the 

lack of a statistically significant difference in the primary 

efficacy measure between hydrocodone ER and placebo. 

Patients who were randomized to receive placebo did not 

show a worsening in pain scores as would be expected. 

Only 24 of 98 (24%) patients in the placebo group showed 

a .33% increase in weekly API and only 15 of 98 (15%) 

showed a .50% increase; the vast majority of patients in the 

placebo group showed decreases in weekly API. In part, these 

results may be explained by a high placebo response rate, 

a phenomenon commonly observed in chronic pain studies.36 

Placebo response has been cited as a potential cause of study 

failure in several previous pain studies in which the medi-

cations being evaluated did not significantly separate from 

placebo on the primary efficacy analyses.37–39

In the current study, more patients in the placebo group 

compared with the hydrocodone ER group took supplemen-

tal opioid medication (86% vs 79%, respectively) and had 

a higher mean dose of opioid medication (2.2–5.4 mg vs 

2.0–3.5 mg, respectively). Patients were also permitted to 

administer NSAIDs on an as-needed basis. This may have 

provided adequate pain relief in patients receiving placebo 

and prevented the demonstration of worsening pain as was 

predicted. Additionally, it is possible that at the time of ran-

domization, patients may not have appropriately titrated to an 

analgesic dose of hydrocodone ER. The weekly API scores 

reported in patients at the end of the open-label titration period 

(3.75–3.79 on an eleven-point numeric rating scale) were rela-

tively high compared with post-titration pain scores observed 

in previous similarly designed studies of oxymorphone ER 

in opioid-naïve patients (API, 18.5–19.3 on a 100-point 

visual analog scale)40 and opioid-experienced patients (API, 

22.2–23.9 on a 100-point visual analog scale).41

Another possible reason why a statistically significant 

difference between treatment groups was not demonstrated 

in this study was the inclusion of the hydrocodone ER 15 mg 

dose as an analgesic dose. Hydrocodone ER 15 mg every 

12 hours is equivalent to approximately 10–15 mg of oxy-

codone controlled release (CR) tablets taken every 12 hours 

or 5–10 mg of oxymorphone ER tablets taken every 12 hours. 

In clinical practice, 10 mg of oxycodone CR or 5 mg of oxy-

morphone ER is a starting dose in opioid-naïve patients.42,43 

While a starting dose may be efficacious in clinical practice, 

it is unlikely to statistically separate from placebo in random-

ized, placebo-controlled clinical studies. This was shown in 

a study conducted by Roth et  al in which oxycodone CR 

20 mg significantly reduced pain intensity vs placebo but 

10  mg did not.44 In other randomized placebo-controlled 

studies that assessed the efficacy of oxymorphone ER in 

patients with chronic low back pain, opioid-naïve patients 

were stabilized on a mean daily dose of approximately 

40 mg/day and opioid-experienced patients were stabilized 

on a mean daily dose of approximately 90 mg/day prior to 

randomization, which is equal to approximately 80 mg/day 

and 180  mg/day of hydrocodone ER, respectively.40,41 In 

the current study, approximately half of the patients were 

treated with doses of hydrocodone ER that were lower than 
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80–180  mg/day. Thus, it is likely that doses higher than 

15 mg of hydrocodone ER are needed to show differences 

from placebo, as was demonstrated in the post hoc analysis 

of the primary efficacy measure conducted without the 

approximately 27% of patients in the hydrocodone ER 15 mg 

dose group. This post hoc analysis showed a statistically 

significant difference in weekly mean API from baseline to 

week 12 between the hydrocodone ER and placebo treatment 

groups (P=0.032). Thus, the 15 mg dose of hydrocodone ER 

should have been considered to be a titration dose rather than 

an analgesic dose. Patients who responded to hydrocodone 

ER 15 mg had a slightly lower baseline level of pain (API 

score of ∼6) compared with the higher dose hydrocodone 

ER groups (API score of ∼6.5–7). These patients may have 

also had increased pain tolerance, which may have made it 

more difficult to demonstrate a between-group difference in 

the double-blind treatment period of the study.

Hydrocodone ER was generally well tolerated in this 

study. The majority of AEs were opioid-related and consistent 

with the known safety profile of hydrocodone.19,45 The inci-

dences of AEs were similar between treatment groups during 

the open-label and double-blind periods; the most common 

AEs that occurred during both the open-label titration period 

and double-blind treatment period with hydrocodone ER 

were nausea and constipation. Eight patients had serious 

AEs; only for one of these patients was the serious AE of 

pancreatitis determined by the investigator to be related to 

study medication (ie, hydrocodone ER). All opioids have the 

potential to cause spasm of the sphincter of Oddi, causing 

subsequent pancreatitis, particularly in patients with histories 

of cholecystectomy,46 as was the case for this patient. Thus, 

the occurrence of pancreatitis in a single hydrocodone ER-

treated patient in this study does not affect the overall safety 

profile of hydrocodone ER.

There are limited data on rates of abuse, addiction, or 

other aberrant drug-related behaviors from randomized 

controlled trials of chronic opioid therapy in patients with 

chronic noncancer pain. A systematic review and meta-

analysis of primarily open-label, uncontrolled, observational 

studies in patients receiving opioids for chronic noncancer 

pain reported opioid addiction in 0.05% (1/2,042) and 

abuse in 0.43% (3/685) of patients.47 A separate systematic 

review of opioids for low back pain reported aberrant drug-

related behaviors or substance use disorders in 5%–24% of 

patients.48 The majority of studies included in both reviews 

did not report rates of opioid addiction, abuse, or aberrant 

drug-related behaviors; among those that did, differences 

in study methodologies and diagnostic criteria used to 

assess addiction/abuse likely contribute to the varying rates 

reported. Overall in this study, there was a relatively low 

occurrence of inappropriate opioid use and aberrant drug-use 

behavior, as predicted by SOAPP-R total scores at visit 2 and 

confirmed by the results of the ABC questionnaire, which 

showed a low occurrence of inappropriate opioid use, and 

the COMM questionnaire, which showed that most patients 

had no aberrant drug-use behaviors. Incidence of study drug 

diversion (ie, theft; 1%) and loss (,9%) was also low.

ER opioid formulations offer several advantages over 

short-acting formulations. The release of opioid medica-

tion over time in a controlled manner provides therapeutic 

levels of analgesia with minimal fluctuations in the degree 

of exposure,49 and the convenience of once- or twice-daily 

dosing may improve patient compliance.50,51 Furthermore, 

no hydrocodone ER formulations with potentially abuse-

deterrent properties are currently available. Thus, the safety 

and efficacy of this hydrocodone ER formulation developed 

with the CIMA ADT platform merits further study, and the 

findings from this study provide several important consider-

ations for the design of future analgesic trials. Careful atten-

tion should be given to the types of rescue and concomitant 

analgesics permitted during the study. In the current study, 

patients could administer NSAIDs on an as-needed basis, as 

well as hydrocodone/acetaminophen tablets (5 mg/325 mg) 

as needed, to a maximum total daily hydrocodone dose 

of 10 mg, which may have contributed to the improvements 

in pain intensity observed in patients administered placebo. 

Additionally, although low doses of opioids may be effica-

cious in clinical practice, they may be unlikely to statisti-

cally separate from placebo in randomized controlled trials. 

As such, future trials should consider limiting low doses of 

opioids to titration doses but not as an option for an analgesic 

dose during the actual treatment phase. A Phase III study 

that does not include the 15 mg dose of hydrocodone ER is 

currently ongoing to further evaluate the efficacy and safety 

of this hydrocodone ER tablet formulated with the CIMA 

ADT platform in patients with chronic pain.

Conclusion
Hydrocodone ER tablets, at doses of 15–90 mg adminis-

tered every 12  hours, were generally safe and well toler-

ated. Although this study did not meet its primary endpoint, 

hydrocodone ER was associated with a statistically significant 

improvement in patient’s pain vs placebo as measured by 

the change from baseline to week 12 in mean weekly WPI 

score (secondary endpoint). These results combined with 

the established efficacy of hydrocodone as an analgesic 
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generally supports the effectiveness of this hydrocodone ER 

formulation for treating chronic pain. The AEs observed in 

this study were consistent with those observed with other 

opioid products, and there was a low occurrence of inap-

propriate opioid use and aberrant drug-use behaviors.
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Establish total daily dose of current opioid treatmenta

Convert total daily dose to daily equianalgesic dose
of hydrocodone ER using equianalgesic

dose-conversion scheme

Reduce daily equianalgesic dose of hydrocodone ER
by 25% (ie, divide by 1.33) to ensure safety

Divide by 2 to calculate the starting dose
of hydrocodone ER

Establish dose of hydrocodone ER (15, 30, 45, 60,
or 90 mg) that is ≤ the calculated starting dose

Figure S1 Selection of hydrocodone ER starting dose for opioid-experienced 
patients.
Note: aIf the patient reported a range of daily doses of opioid medication, the 
highest dose reported was taken as the base to calculate patient’s total daily dose 
of opioid treatment.
Abbreviation: ER, extended release.
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