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A multicenter, randomized, double-blind, placebo-controlled trial to assess the efficacy and safety of single-entity, once-daily hydrocodone tablets in patients with uncontrolled moderate to severe chronic low back pain 
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Objectives: This multicenter, randomized, double-blind, placebo-controlled study with an enriched enrollment, randomized withdrawal design was conducted to evaluate the analgesic efficacy and safety of single-entity, once-daily hydrocodone 20 to 120 mg tablets (HYD) in opioid-naive and opioid-experienced patients with uncontrolled moderate to severe chronic low back pain (CLBP). Research design and methods: The primary endpoint was week 12 pain intensity scores (11-point scale, 0 = no pain) using a mixed effect model with repeated measures incorporating a pattern mixture model framework. Responder analysis was a secondary endpoint. Safety was assessed. Results: Out of 905 patients who were treated with HYD during the open-label titration period, 588 (65%) were randomized to continue to receive HYD (n = 296, 20 --120 mg taken once daily, average daily dose 57 mg) or a matching placebo (n = 292). HYD demonstrated superior pain reduction (p = 0.0016); this result was supported by sensitivity analyses using different approaches to handling missing data. Proportions of patients achieving 
‡ 30 and ‡ 50% improvement in pain from screening to week 12 also favored HYD (p = 0.0033 and 0.0225, respectively). HYD was generally well tolerated. Conclusions: HYD was shown to be an efficacious treatment for CLBP in this study. There were no new or unexpected safety concerns detected. 
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1. Introduction 
Immediate-release hydrocodone/acetaminophen (APAP) combination therapy has been the most prescribed medication for pain conditions, including chronic pain, in the US since 1997 [1,2]. This medication is also the most frequently abused prescription opioid drug, with lifetime nonmedical use almost doubling between 2002 (13,093,000 persons) and 2012 (23,731,000 persons) [3,4]. Hydrocodone combination products have recently been moved to a more restrictive Drug Enforcement Agency status (Schedule II vs Schedule III), in an effort to decrease inappropriate access to these drugs [5]. 
In addition, the nonopioid component, APAP, may cause hepatotoxicity at high doses, and, especially when combined with hydrocodone, has been associated with a 
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Table 1. Demographic and screening characteristics, safety, and randomized safety populations. 
Variable Nonrandomized (N = 312) Randomized Placebo (N = 292) HYD (N = 296) Total (N = 588) 
Mean age in years (SD) 
47.3 (13.40) 
47.9 (13.23) 
49.2 (13.51) 
48.6 (13.38) 
Median 
47.0 
49.0 
50.0 
50.0 
Min, Max 
20, 81 
18, 83 
18, 81 
18, 83 
Sex, n (%) 




Male, n (%) 
121 (39) 
126 (43) 
124 (42) 
250 (43) 
Female n (%) 
191 (61) 
166 (57) 
172 (58) 
338 (57) 
Race, n (%) 




White, n (%) 
234 (75) 
207 (71) 
195 (66) 
402 (68) 
Black/African American, n (%) 
63 (20) 
51 (17) 
67 (23) 
118 (20) 
Asian, n (%) 
5 (2) 
29 (10) 
25 (8) 
54 (9) 
American Indian/Alaska Native, n (%) 
3 (1) 
1 (< 1) 
2 (1) 
3 (1) 
Other, n (%) 
7 (2) 
4 (1) 
7 (2) 
11 (2) 
Ethnicity, n (%) 




Hispanic or Latino, n (%) 
37 (12) 
45 (15) 
58 (20) 
103 (18) 
Not Hispanic or Latino, n (%) 
275 (88) 
247 (85) 
238 (80) 
485 (82) 
Opioid experience,n (%) 




Opioid experienced, n (%) 
169 (54) 
128 (44) 
131 (44) 
259 (44) 
Opioid naı¨ve, n (%) 
143 (46) 
164 (56) 
165 (56) 
329 (56) 
Mean (SD) body mass index (kg/m2) 
30.483 (7.6596) 
31.558 (7.7681) 
31.191 (7.6854) 
31.373 (7.7222) 
Median 
29.470 
31.000 
29.890 
30.435 
Min, Max 
16.26, 61.88 
13.72, 57.80 
16.56, 64.92 
13.72, 64.92 
Screening average pain over the last 14 days 




N 
307 
290 
295 
585 
Mean (SD) 
7.2 (1.17) 
7.1 (1.22) 
7.2 (1.20) 
7.2 (1.21) 
Median 
7.0 
7.0 
7.0 
7.0 
Min, Max 
3, 10 
2, 10 
3, 10 
2, 10 
Screening average pain over the last 24 h 




N 
310 
292 
296 
588 
Mean (SD) 
7.34 (1.116) 
7.38 (1.186) 
7.39 (1.129) 
7.39 (1.157) 
Median 
7.50 
7.50 
7.50 
7.50 
Min, Max 
4.5, 10.0 
5.0, 10.0 
5.0, 10.0 
5.0, 10.0 
Incoming oxycodone-equivalent dose (mg) 




N 
168 
127 
130 
257 
Mean (SD) 
29.40 (19.004) 
27.90 (18.575) 
26.56 (15.807) 
27.22 (17.210) 
Median 
27.00 
20.00 
22.50 
20.00 
Min, Max 
5.0, 100.0 
5.0, 90.0 
0, 80.0 
0, 90.0 

N: Number of patients in group; n: Number of patients with data. Percentages are based on N. 

At week 12 of the double-blind period, the difference in pain scores between treatment groups was statistically significant (--0.53, p = 0.0016). All sensitivity analyses were statistically significant and supported the primary analysis (Table 5), with the estimated treatment effects similar to that of the primary analysis. 

3.2.2 Secondary efficacy analyses 
Compared with patients receiving placebo, greater proportions of patients receiving HYD reported a reduction in pain intensity from screening to week 12 of ‡ 30% (65 vs 53%, p = 0.0033) and ‡ 50% (48 vs 39%, p = 0.0225; Figure 5). The proportion of patients reporting “very much improved” and “much improved” on the PGIC rating scale was significantly higher (61%) in the HYD treatment group compared to the placebo treatment group (49%, p = 0.0036; Table 6). Improvements in sleep disturbance were observed during the open-label run-in period with HYD treatment, but a comparison between double-blind treatment groups found that the LS means for weeks 4, 8, and 12 of the double-blind period were not significant (p = 0.3462). 
3.2.3 Other (exploratory) efficacy analyses 
The results of the analyses of the exploratory efficacy variables (including MOS Sleep-R, ODI, BPI-SF, and SF-36) showed that HYD treatment resulted in improvement from screening in these efficacy measures by the end of the open-label run-in period, but no statistically significant treatment differences between HYD and placebo were seen during the double-blind period (with exception of the BPI pain severity subscale, p = 0.0049). Mean “pain right now” scores during the 
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Table 3. Prior opioid medications used for low back pain $ 3%, safety, and randomized safety populations. 
Variable 
Nonrandomized 

Randomized 

(N = 312) N (%) 
Placebo (N = 292) n (%) 
HYD (N = 296) n (%) 
Total (N = 588) n (%) 

Any prior opioid medications 
181 (58) 
137 (47) 
139 (47) 
276 (47) 
Hydrocodone/acetaminophen 
108 (35) 
83 (28) 
80 (27) 
163 (28) 
Tramadol 
32 (10) 
17 (6) 
25 (8) 
42 (7) 
Oxycocet 
21 (7) 
15 (5) 
14 (5) 
29 (5) 
Oxycodone 
11 (4) 
14 (5) 
12 (4) 
26 (4) 
Morphine 
9 (3) 
7 (2) 
10 (3) 
17 (3) 
Oxycodone/acetaminophen 
10 (3) 
7 (2) 
7 (2) 
14 (2) 

N: Number of patients in group; n: Number of patients with data. Percentages are based on N. Prior opioid medications = opioid medications used for the pain condition under study before the start of HYD dosing. 
Table 4. Prior nonopioid medications used for low back pain $ 3%, safety, and randomized safety populations. 
Variable 
Nonrandomized 

Randomized 

(N = 312) n (%) 
Placebo (N = 292) n (%) 
HYD (N = 296) n (%) 
Total (N = 588) n (%) 

Any prior nonopioid medications 
272 (87) 
247 (85) 
242 (82) 
489 (83) 
Ibuprofen 
136 (44) 
120 (41) 
117 (40) 
237 (40) 
Naproxen 
44 (14) 
58 (20) 
53 (18) 
111 (19) 
Acetaminophen 
47 (15) 
60 (21) 
44 (15) 
104 (18) 
Cyclobenzaprine 
34 (11) 
20 (7) 
15 (5) 
35 (6) 
Carisoprodol 
19 (6) 
10 (3) 
5 (2) 
15 (3) 
Duloxetine 
17 (5) 
10 (3) 
6 (2) 
16 (3) 
Meloxicam 
15 (5) 
10 (3) 
7 (2) 
17 (3) 
Gabapentin 
14 (4) 
9 (3) 
8 (3) 
17 (3) 
Citalopram 
13 (4) 
7 (2) 
4 (1) 
11 (2) 
Sertraline 
12 (4) 
6 (2) 
4 (1) 
10 (2) 
Fluoxetine 
7 (2) 
11 (4) 
3 (1) 
14 (2) 
Bupropion 
7 (2) 
8 (3) 
5 (2) 
13 (2) 
Trazadone 
8 (3) 
7 (2) 
5 (2) 
12 (2) 
Acetylsalicylic acid 
5 (2) 
5 (2) 
9 (3) 
14 (2) 
Celecoxib 
8 (3) 
4 (1) 
5 (2) 
9 (2) 

Prior nonopioid medications = nonopioid medications used for the pain condition under study before the start of HYD dosing. 

There were two deaths in the study; one occurred during the open-label run-in period (brain aneurysm) and one occurred in the placebo group during the double-blind period (squamous cell carcinoma of the lung). Both deaths were caused by concurrent medical events and not attributed to study drug by the investigators. A total of 10 patients developed treatment-emergent nonfatal SAEs during the study, 4 patients (7 events) in the open-label run-in period and 6 patients (10 events) during the double-blind period (4 placebo patients and 2 HYD patients). None of the SAEs were considered as possibly, probably, or definitely related to study drug by the investigators. The incidence of TEAEs that led to study drug discontinuation was 11% in the open-label run-in period and 4% in the double-blind period (4% in the HYD treatment group and 3% in the placebo treatment group). 
Analysis of laboratory tests, vital signs, and ECG results revealed no new safety concerns during the study. Few patients (£ 1%) experienced AEs associated with opioid withdrawal during opioid conversion or during cessation of HYD treatment. The comprehensive audiology evaluation found no signal of ototoxicity with HYD. 
4. Discussion 
CLBP is often challenging to treat, and this trial’s population likely represented an “undertreated” patient group whose baseline pain score averaged greater than 7 on the 0 --10 NRS despite usage of a stable regimen of analgesic medicines. These patients had suffered from CLBP for an average of 10 years. The pain treatments at study baseline 
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Table 5. Analysis of the primary efficacy variable at week 12. 
Type of analysis Difference in LS means from 95% CI for difference p value versus placebo (SE) from placebo placebo 
Primary analysis 
-0.53 (0.180) 
-0.882, -0.178 
0.0016 
NMAR -all observed data, including retrieved 
-0.55 (0.177) 
-0.896, -0.202 
0.0010 
dropout patients 



MAR -observed data on study drug 
-0.67 (0.173) 
-1.01, -0.33 
0.0001 
NMAR -partial AE penalty 
-0.58 (0.168) 
-0.911, -0.253 
0.0003 
Hybrid BOCF/LOCF 
-0.55 (0.166) 
-0.87, -0.22 
0.0011 

BOCF: Baseline observation carried forward analysis; LOCF: Last observation carried forward analysis; LS: Least squares; MAR: Missing at random; NMAR: Not missing at random; SE: Standard error. 
≥ 0% ≥ 10% ≥ 20% ≥ 30% ≥ 40% ≥ 50% ≥ 60% ≥ 70% ≥ 80% ≥ 90% ≥ 100% 
% Improvement from screening 
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Figure 5. Plot of distribution of responders based on pain intensity at week 12. 
*p = 0.0033. z p = 0.0225. 

seen in comparable trials of ER opioids [48,49,51-53]. Its actual use during this trial was < 1 tablet on average across dose strengths and similar between treatment groups; greater use was observed among those randomized to higher dose strengths, as expected. This suggests that treatment with HYD during the double-blind period was adequate, and that supplemental pain medication usage was not likely to be a confounding factor in the estimated treatment effect for HYD. In contrast, dose-level-related supplemental pain medication use, though limited, may have contributed to the high completion rate for patients receiving placebo. Additionally, the combination of supplemental pain medication use and placebo effect is hypothesized to contribute to the observed effect sizes seen in the primary and responder analyses. 
This study enrolled a patient population with a diverse background that was representative of that seen in pain practice in the community setting. The treatment groups were generally balanced with respect to sex, race, ethnicity, screening pain type and intensity, medical history, prior opioid and nonopioid medications, and concomitant medication use. The higher proportion of opioid-naive patients seen in the randomized population may have been an indication that, compared with opioid-experienced patients, disproportionally more opioid-naive patients presented with a deficit in their incoming pain regimen and responded well to opioid treatment. The lower proportion of patients with psychiatric disorders seen in the randomized population (mainly insomnia, depression, and anxiety) may have been a consequence of the stipulation that patients were asked to discontinue all medications used to treat pain (which also included treatments for these psychiatric conditions if they were used to treat pain) before entering the study. Of note, these differences in opioid experience and psychiatric disorders were not observed in a long-term study of HYD that employed a similar dose titration approach but permitted concomitant pain treatments with other medications [54]. 
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Table 6. Patient global impression of change (PGIC), randomized safety population. 
Variable Placebo HYD (N=292) (N=296) 
Category,n (%) 
Total number of patients responding (n) 
267 
283 
Very much improved 
49 (18) 
61 (22) 
Much improved 
81 (30) 
112 (40) 
Minimally improved 
58 (22) 
55 (19) 
No change 
59 (22) 
44 (16) 
Minimally worse 
12 (4) 
10 (4) 
Much worse 
8 (3) 
1 (< 1) 
Very much worse 
0 
0 
Very much improved or much improved 
130 (49) 
173 (61) 
No improvement* 
137 (51) 
110 (39) 
p value comparing HYD to placeboz 

0.0036 

n: Number of patients responding at the end of study drug. Percentages were based on n. *No improvement was defined as a PGIC value of minimally improved, no change, minimally worse, much worse, or very much worse. zp value comparing treatment with placebo using a Fisher’s exact test. 
Table 7. Incidence of treatment-emergent adverse events $ 5%, safety, and randomized safety populations*. 
Preferred term Open-label Double-blind run-in period period 
Total 
Placebo 
HYD 
(N = 905) 
(N = 292) 
(N = 296) 
n (%) 
n (%) 
n (%) 

Any treatment-emergent 
431 (48) 
103 (35) 
136 (46) 
adverse event 



Gastrointestinal disorders 
239 (26) 
33 (11) 
54 (18) 
Nausea 
144 (16) 
16 (5) 
24 (8) 
Constipation 
85 (9) 
7 (2) 
10 (3) 
Vomiting 
66 (7) 
9 (3) 
18 (6) 
Nervous system disorders 
176 (19) 
18 (6) 
29 (10) 
Dizziness 
64 (7) 
5 (2) 
9 (3) 
Headache 
59 (7) 
5 (2) 
6 (2) 
Somnolence 
41 (5) 
2 (1) 
3 (1) 

*This table includes TEAEs that occurred in ‡ 5% of the patients in the open-label run-in period overall column, and ‡ 5% in each of the placebo and HYD columns in double-blind period. 
Patients in this study were converted to HYD during the open-label run-in period according to a prespecified conversion schedule, in which opioid-naive patients were initiated on the lowest dose (20 mg HYD) and opioid-experienced patients were converted to a reduced dose (~ 25 --50% reduction in total daily oxycodone equivalent). Subsequently, patients randomized to placebo had their dosages tapered in a blinded manner during the first 2 weeks of the double-blind period, with a reduction in dose of 25% approximately every 
Single-entity, once-daily hydrocodone for CLBP 
3 days. The appropriateness of both the conversion schema and the taper schema was supported by the low incidence of discontinuation due to lack of therapeutic effect in the HYD treatment group, low amounts of supplemental pain medication used, and the low incidence of opioid withdrawal within 2 weeks of changes to opioid treatment. During the first 2 weeks after conversion of incoming opioid regimen to HYD during the open-label period, no patients experienced AE of opioid withdrawal as defined by the DSM-IV criteria and by the SMQ subcategory of drug withdrawal; during the first 2 weeks of the double-blind period (when patients randomized to placebo were tapered off HYD treatment), three patients in the placebo group experienced AE of opioid withdrawal as defined by DSM-IV and four patients (1%) in the placebo group experienced AEs of opioid withdrawal as defined by SMQ subcategory of drug withdrawal. 
HYD was generally well tolerated in this study. The TEAEs experienced by patients during the study were those typically associated with the use of central mu-opioid analgesics. Incidences of TEAEs and TEAEs leading to discontinuation were stable between the open-label run-in period for the overall randomized population (42 and 1%, respectively) and the double-blind period for the HYD treatment group (46 and 4%), indicating that once a stable HYD dose was achieved, tolerability to that dose was sustained. There were no new safety concerns detected during the study. Of note, a comprehensive audiology evaluation found no signal of ototoxicity with HYD. 
HYD tablets are formulated with an abuse-deterrent technology (ResistecTM), a proprietary extended-release solid oral dosage platform that imparts hardness and hydrogelling properties to the tablets [55]. These properties are anticipated to deter certain forms of product tampering for the purpose of abuse, such as crushing, chewing, snorting, or injecting the dissolved product. In addition, because HYD is difficult to crush and dissolve, it has the potential to reduce the risk of misuse and/or medication error by well-meaning patients or caregivers. Clinical abuse potential studies with HYD have shown reduced abuse potential compared with immediate-release hydrocodone (solution or powder) [12,13]. The real-world impact of HYD’s abuse-deterrent technology is being assessed through epidemiologic studies. 
5. Conclusion 
This article represents the results of a double-blind 12-week study evaluating the efficacy and safety of a single-entity, once-daily hydrocodone product (HYD), which is formulated with an abuse-deterrent technology. HYD was shown to be an efficacious treatment for CLBP in this study. HYD was generally well tolerated. There were no new or unexpected safety concerns detected during the study. 
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stable opioid analgesic regimen, must have been receiving opi-
oid medication equivalent to 100 mg/day oxycodone or less
for 14 days prior to screening; must have had uncontrolled
LBP (defined as an “average pain over the last 14 days” score
of 5 or greater at screening, as well as 3 or more “average pain
over the last 24 h” scores of 5 or greater during the screening
period). The LBP was required to be nonradiating or radiat-
ing no further than above the knee (i.c., satisfying the criteria
for Quebec Task Force Classification 1 or 2 only) [4-16.
Female patients must have used adequate and reliable contra-
ception. Oral corticosteroid use must have been stable, and
adjunct therapy must have either been stable or stopped.
Pregnant or lactating women were not eligible for study
entry. Patients were excluded if they had LBP with distal
radiation (below the knee) with or without neurologic signs
(i.e., Quebec Task Force Classification 3 to 6); inflammatory
arthritis; surgicai procedures directed toward the source of the
CLBP within 6 months of the screening visit, or any major
surgery scheduled during the study period; nerve/plexus block
within 4 weeks; lumbar steroid injections within 6 weeks; or
the presence of significant cardiac, pulmonary, neurologic,
hepatic, renal, gastrointestinal, or psychiatric conditions.

2.3 Treatments

Upon entry into the open-label run-in period, patents
discontinued all medications used for chronic pain and began
treatment with HYD. Opioid naive patients began treatment
with 20 mg HYD, and opioid-experienced patients were
converted to an HYD dose that was 25 to 50% of their
incoming opioid total daily dosage. Patients had their dosages
titrated as needed, and were entered into the double-blind
period if they met the qualification criteria (Le., patent
received the same dose for 7 + 2 consecutive days; and if,
for 3 consecutive days before randomization, patient had
both an “average pain over the last 24 h” score that
was < 4 with a = 2-point reduction in screening mean pain
score, and also did not take more than the maximum daily
dose of supplemental pain medication [see below]).

Upon entry into the double-blind period, patients were
randomized in a 1:1 ratio to receive HYD (at the stable dose
achieved duting the open-label run-in period [20, 40, 60,
80, or 120 mg]) or matching placebo. Randomization was
stratified by the patient’s HYD dose at the end of the open-
label run-in period and by opioid status (i.e., naive or experi-
enced). During the first 2 weeks of the double-blind period,
patients randomized to placebo had their HYD doses tapered
in a blinded manner, with a reduction in dose of approxi-
mately 25 - 50% every 3 - 4 days.

During the open-label run-in period, patients were permit-
ted to take 5 mg immediate-release oxycodone tablets (10 mg
maximum daily dose) as needed for their LBP. During the
double-blind period, patients receiving either HYD 20, 40,
60, 80, and 120 mg or matching placebo were permitted to
take maximum daily doses of immediate-release oxycodone
of 10, 10, 15, 20, and 30 mg, respectively.

Single-entity, once-daily hydrocodone for CLBP

2.4 Efficacy assessments

The primary efficacy variable was the mean weekly pain inten-
sity during the double-blind period. Secondary efficacy varia-
bles were proportions of patients achieving 30 and 50%
reduction in pain intensity from screening to the end of
double-blind period (responder analysis), the sleep distur-
bance subscale of the Medical Outcomes Study Sleep
Scale - Revised (MOS Sleep — R) 117) obtained during the
double-blind period, the Patient Global Impression of
Change (PGIC) 18] obtained at the end of the double-blind
petiod. Other (exploratory) efficacy variables included other
subscales of MOS Sleep-R, Oswestry Disability Index
(ODI) 19}, Brief Pain Inventory Short Form (BPI - SF)
12022, MOS 36-item short form (SF-36) 23], “pain right
now” scores collected at the time of supplemental pain medi-
cation use and measured on the same 11-point scale as the pri-
mary efficacy variable, and supplemental analgesic use.

2.5 Safety assessments

Safety assessments included AEs, clinical laboratory test
results, vital sign measurements, physical examinations, and
electrocardiogram (ECG) findings. Opioid withdrawal was
defined as AEs of withdrawal as specified by the DSM-1V cri-
teria and by the Standardized MedDRA Query (SMQ) sub-
category of drug withdrawal. It was assessed during the
conversion of incoming pain regimen to HYD (the first
2 wecks of the run-in period) and during the cessation of
HYD (among patients receiving placebo during the first
2 weeks of the double-blind period or within 2 weeks of dis-
continuation of HYD). Additionally, the Clinical Opiate
Withdrawal Scale (COWS) and the Modified Subjective Opi-
ate Withdrawal Scale (SOWS) scores [24] were used to assess
opioid withdrawal for opioid-experienced patients during
the open-label run-in period and for all patients during the
double-blind period. The Screener and Opioid Assessment
for Patients With Pain — Revised [25], Addiction Behavior
Checklist [26), and Current Opioid Misuse Measure [27.28]
questionnaires were used to evaluate the risk and development
of abuse, misuse, diversion, and other aberrant drug
behaviors.

Cases of permanent hearing loss and hearing impairment
had been reported in padents taking hydrocodone/
acetaminophen combination analgesics, especially in overdose
situations (29-32). [n wvitro investigations with hair cell cul-
ture (33] and epidemiologic studies [3435] suggested that loss
of hearing may be primarily attributable to APAP. Whether
hydrocodone by itself caused hearing impairment had not
been established. As a result, comprehensive audioiogic assess-
ments were conducted by licensed audiologists to evaluate the
potential impact of HYD treatment on patients’ hearing func-
tions in this trial. Assessments included bilateral pure-tone air
conduction threshold audiometry, bilateral pure-tone bone
conduction threshold audiometry [36:38], speech reception
threshold [39), immittance audiometry (tympanometry),
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word recognition, and assessments using the Dizziness
Handicap Inventory [40421 and the Tinnits Handicap
Inventory [43.44]. Audiology assessments were evaluated using
American Speech-Hearing Association (ASHA) criteria [45].

2.6 Statistical analysis

All analyses were prespecified. Assuming a 2-sided signifi-
cance level of 0.05, a desired detectable treatment difference
of 0.70 between treatment means for the week 12 mean
pain intensity score, a common within-treatment variance of
6.0 (an assumption that corresponded to a standard deviation
of 2.45 and an effect size of 0.7/2.45 = 0.286), a 2-sided #test
had 90% power when the sample size was 259 patients per
treatment group. This study was planned to randomize
300 patients per treatment arm, for an overall number of
600 patients to be randomized to double-blind treatment,
which provided better than 80% power under different
scenatios considered to account for early discontinuation of
study treatment, and for treatment difference whether only
on-study drug data were used (primary analysis) or retrieved
dropout data were included (sensitivity analyses).

The enrolled population induded all individuals who
signed the informed consent form. The safety population
was the group of patients who received = 1 dose of study
drug during the study. The randomized safety and full analysis
populations were synonymous: the group of patients who were
randomized and received 2 1 dose of double-blind study drug.

Efficacy analyses were based on the full analysis population
according to the treatment assigned to each patient. Weekly
mean pain intensity scores were calculated (from the daily
diary “average pain over the last 24 h” scores) for each week
of the double-blind period. Analysis of the weekly mean
pain intensity scores was performed using a mixed effects
model with repeated measures (MMRM) incorporating a pat-
tern mixture model (PMM) framework to account for missing
data, and using restricted maximum likelihood estimation.
The current imputation approach assumed data not missing
at random (NMAR) and employed different pre-specified
imputation techniques for study withdrawals due to adverse
events versus other reasons. This approach was an adaptation
of a hybrid single imputation approach typically adopted for
efficacy analysis of similar trials previously. The advantage of
the current strategy is that it had more flexibility in handling
different reasons for and timings of withdrawal and conse-
quently the possible relationship between missing data and
the outcome of interest.

The MMRM included treatment (2 levels: HYD or pla-
cebo), time (14 levels for weeks -7, 0, 1, 2, 3, 4, 5, 6, 7, 8,
9, 10, 11, and 12), and opioid experience status (naive or
experienced) as fixed effects. The screening and prerandom-
ization mean pain scores were incorporated in the model as
the weeks -7 and 0 values for the dependent variable. The pri-
mary efficacy comparison was based on the estimated treat-
ment group means for week 12 based on the model using
data collected while patients received study drug. Hypothesis

tests were two-sided using o = 0.05 and Cls had 95% cover-
age probability. Responder analyses were conducted to assess
patients who experienced improvements of pain scores of
30 and 50% from screening to week 12 [46). For all efficacy
analyses, placebo values included patients who were random-
ized to placebo but who may have been exposed to HYD dur-
ing the taper period in the double-blind period.

Four sensitivity analyses of the primary endpoint were
conducted. The NMAR - All Observed Data analysis counted
retrieved dropout patients as completers. The Missing at Ran-
dom (MAR) - Observed Data on study drug analysis treated
missing data as MAR, and used a standard MMRM on data
observed while the patients were exposed to double-blind
study drug. The Partial AE Penalty analysis replaced the
screening mean pain value in the PMM formula specified in
the primary endpoint analysis with the average of prerandom-
ization and screening estimates for those patents in either
treatment arm who withdrew due to AEs. The Hybrid
BOCF/LOCF analysis used the MMRM model with all
observed data on study drug and imputed data after study
drug discontinuation using a hybrid imputation method:
a baseline (ie., screening) observation carried forward
(BOCF) method was used for each patient who discontinued
due to an AE or ASHA-related event, and the last observation
cartied forward (LOCF) was used for each patient who
discontinued for any other reason than an AE. These analyti-
cal methods are consistent with recently published recom-
mendations by the National Research Council Committee
on National Statistics [47].

Safety variables were summatized for the safety population
and for the randomized safety population by treatment group.

3. Results

3.1 Patient characteristics

A total of 102 study sites in the United States were initiated
for the smdy; 94 of these sites screened patients; 89 of these
sites had patents entered into the open-label run-in period;
and 76 of these sites had patients randomized into the
double-blind period. Of 905 patients who entered the open-
label run-in period, 592 (65%) completed it (Figure 2). Of
588 patients who entered the double-blind period,
439 (75%) completed it (72% in the placebo group and
77% in the HYD group). The most common reasons for
study drug discontinuation during the open-label run-in
petiod were adverse events (10%), not qualifying for the
double-blind period (7%), lack of therapeutic effect (5%),
and patient choice (5%). During the double-blind period,
the most common reasons for study drug discontinuation
among patients receiving HYD were adverse events (6%),
lack of therapeutic effect (5%), and patient choice (5%);
among patients receiving placebo, the most common reasons
were lack of therapeutic effects (15%), patient choice (5%),
and adverse events (3%).
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In general, patient characteristics, including demographics,
screening pain intensity, medical history, and prior medica-
tion use were similar between the nonrandomized and
randomized patients, and balanced between double-blind
treatment groups (Tables 1,2,3 and 4). Compared to the non-
randomized population, there was a slightly higher proportion
of opioid-naive patients and a lower frequency of psychiatric
disorders (e.g., depression, anxiety, and insomnia) in the
randomized population.

3.2 Efficacy

3.2.1 Primary efficacy analysis

The primary efficacy analysis demonstrated analgesic efficacy
in favor of HYD over placebo (Figares 3 and 4). Substantial
pain reduction was achieved with open label HYD by the
end of titration. After randomization, pain rebounded in the
placebo-treated group, and to a lesser extent, in the HYD-
treated group. The maximum treatment group separation
was established by week 4 and maintained through week 12.
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Table 2. Incidence of medical history terms = 15%, safety, and randomized safety populations.

Variable Nonrandomized Randomized
Q=312 Placebo (N = 292)  HYD (N = 296) _ Total (N = 588)
n (%) n (%) n (%) n (%)
Gastrointestinal disorders 132 (42) 125 (43) 132 (45) 257 (44)
Gastroesophageal reflux disease 63 (20) 46 (16) 62 (21) 108 (18)
Constipation 45 (14) 44 (15) 49 (17) 93 (16)
Immune system disorders 116 (37} 80 (27) 91 31) 171 (29)
Seasonal allergy 74 (24) 42 (14) 57 (19} 99 (17)
Metabolism and nutrition disorders 101 (32} 122 (42) 112 (38} 234 (40)
Hypercholesterolemia 32 (10) 50 (17} 44 (15) 94 (16)
Musculoskeletal and connective tissue disorders 277 (89) 266 (91) 261 (88) 527 (90)
Back pain 179 (57) 198 (68) 185 (63) 383 (65)
Osteoarthritis 59 (19} 67 (23) 65 (22) 132 (22)
Spinal osteoarthritis 57 (18} 36(12) 43 (15) 79 (13)
Muscle spasms 51 (16} 39 (13) 41 (14) 80 (14)
Intervertebral disc degeneration 51 (16} 36(12) 27 (9) 63(11)
Psychiatric disorders 165 (53} 113 (39) 98 (33) 211 (36)
Insomnia 93 (30) 59 (20) 56 (19) 115 (20)
Depression 77 (25) 60 21) 41 (14) 101 (17}
Anxiety 63 (20) 50 (17) 30 (10) 80 (14)
Surgical and medical procedures 206 (66) 176 (60} 168 (57) 344 (59)
Hysterectomy 50 (16) 40 (14) 39(13) 79 (13)
Vascular disorders 111 (36} 116 (40) 134 (45) 250 (43)
Hypertension 103 (33) 103 (35) 128 (43) 231 (39)

Multiple entries for the same patients under the same term were counted once, To be eligible for this study, patients had to have at least one type of back pain
N: Number of patients in group; n: Number of patients with data. Percentages are based on N

double-blind period from week 1 through week 12 remained
similar between treatment groups (mean scores > 5 for each
visit and both treatment groups), indicating that supplemen-
tal pain medication was used appropriately when the patent
was in pain. Supplemental pain medication use was low and
below the protocol-permitted maximum daily doses (mean
use of immediate-release oxycodone 5 mg tablets was 0.67 tab-
let and 0.90 tablet for HYD and placebo, respectively). The
proportion of patients requiring no supplemental pain medi-
cation during the double-blind period was higher in the HYD
group (22%) than that of placebo group (17%), although this
difference was not statistically significant (p = 0.1677).

Treatment differences for weekly mean “average pain over
the last 24 h” scores during the double-blind period were con-
sistently in favor of HYD across subgroups when analyzed by
age, sex, race, and BMI. There was no interaction seen
between treatment and each subgroup.

3.3 Safety

Most treatment-emergent adverse events (TEAEs) were mild
or moderate in severity. TEAEs that occurred at an incidence
of 2 5% during the open-label run-in period included, by sys-
tem organ class and preferred term, gastrointestinal disorders
(nausea, vomiting, and constipation) and nervous system dis-
orders (dizziness, headache, and somnolence; Table 7). Among
patients receiving HYD, TEAEs that occurred at an incidence
of 2 5% during the double-blind period were, by system

organ class and preferred term, gastrointestinal disorders
(nausea [8%] and vomiting [6%]). The only TEAE that
occurred with an incidence of 2 5% among patients receiving
placebo during the double-blind period was nausea (5%).
TEAE: for which the incidence was higher in the HYD group
than that in the placebo group (difference of = 2%) included
nausea, vomiting, and influenza. No dose response relation-
ship was observed between HYD dose levels and the incidence
of TEAEs.

Few patients experienced AEs associated with opioid with-
drawal during opioid conversion and during cessation of
HYD treatment. During the first 2 weeks of the open-label
run-in period, no patent experienced AEs of opioid with-
drawal as defined by the SMQ subcategory of drug with-
drawal and by the DSM-IV criteria. During the first
2 wecks of the double-blind period, four patients (1%) in
the placebo group experienced AEs of opioid withdrawal as
defined by SMQ subcategory of drug withdrawal and three
patients (1%) in the placebo group experienced AEs of opioid
withdrawal as defined by DSM-IV. No patient had a total
COWS score 2 13 during the study. During the open-label
run-in period, 14 (3%) opioid-experienced patients had a
total COWS score 2 5 and 108 (25%) opioid-experienced
patients had a total SOWS score 2 10. During the first 2 weeks
of the double-blind period, 8 (3%) patients in the placebo
group reported a total COWS of 2 5 and 58 (20%) patients
in the placebo group reported a total SOWS score of 2 10.
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repeated measures with pattern mixture model.

*p = 00016

primarily consisted of NSAIDs and APAP for opioid-naive
patients, and short—acting immediate-release opioids (such as
hydrocodone/acetaminophen combination therapy, tramadol,
and oxycodone/acetaminophen combination therapy) for
opioid-experienced patients. Only a small number of padents
received ER morphine, oxycodone, or fentanyl patch. The
average overall daily dose of opioid was 27 mg at baseline.
Many patents received concurrent muscle relaxants. A large
portion of the trial patients came into this study with com-
mon comorbid conditions associated with chronic pain,
including insomnia (20%), depression (17%), and anxiety
(149), suggestive of a challenging subgroup of the trial pop-
ulation that required multi-modal pain management

approach. After conversion of all baseline pain regimens to
HYD and gradual dose titration during the open-label period,
a large portion of the patients (65%) were able to find a stable
HYD dose which reduced their pain score substantially
(> 4 points, from above 7 down to below 3). These were the
patients who were randomized into the double-blind period
where efficacy over placebo control was evaluated.

The study employed an enriched enrollment, randomized
withdrawal design with a 12-week double-blind treatment
petiod, a standard approach to evaluate the efficacy of a new
analgesic or new formulation of an existing analgesic for the
chronic pain indication. This type of design ensures that
patient’s pain is well controlled prior to randomization, which
may result in a relatively smaller treatment effect than non-
enriched designs. The primary efficacy analysis demonstrated
analgesic efficacy in favor of HYD over placebo. At week
12 of the double-blind period, the difference in pain
scores between treatment groups was statistically significant
(-0.53, p = 0.0016). This treatment difference was similar
to the treatment differences observed with other extended-
release mu opioid analgesics in studies of similar design,
such as hydrocodone (48], morphine (49, and oxycodone [50].
The robustness of the primary analysis results was supported
by four sensitivity analyses that used different approaches for
handling missing data (p < 0.01, differences ranged from
p = 0.55 to 0.67), two responder analyses (p = 0.0033 and
0.0225), and an analysis of PGIC (p = 0.0036).

Supplemental pain medication allowances (use of
immediate-release oxycodone up to one-fourth of the ran-
domized dosage) were more generous in this trial than those
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20, 40, 60, 80, or 120 mg HYD every 24 hours |
1

Placebo every 24 hours |

14-dlay blinded taper periad in
which patients receiving placeb:
alsa received active HYD

Figure 1. Study design. Visits occurred at the start of the screening period, the start of the open-label period, at
randomization, at weeks 1, 2, 4, 8, and 12 of the double-blind period, and at the end of the follow-up period.

*All patients were converted to HYD based on the dose of their incoming opioid medication. Those treated with 20, 40, or 60 mg HYD were treated for a mini-
mum of 72 h before uptitration was allowed (120 h for 80 mg HYD). A minimum duration of 7 days was required for dose stabilzation.

*Subsequent 1o the 2-week taper period, patients randormized to > HYD 20 mg were allowed 1 downtitration and (f necessary) 1 uptitration back to the random-

ized dose.
R: Randomization.

significant number of unintentional overdose cases which
often lead to acute liver failure and death (s111. As a result,
the potential of APAP toxicity has created a dosage ceiling
for those hydrocodone combination analgesics [10].

HYD (Hysingla® ER, Purdue Pharma LP., Stamford, CT)
is a single-entity, once-daily, ER hydrocodone bitartrate tablet
recently available in the US for the management of pain severe
enough to require daily, around-the-clock, long-term opioid
trearment for which other treatment options are inadequate.
It is formulated with abuse-deterrent properties designed to
deter abuse through manipulation and subsequent injecting
or snorting. Clinical studies with HYD showing reduced
abuse potential compared with immediate-release hydroco-
done (solution or powder) have been previously reported
and are not a part of the current study 2,131 Additionally,
this single-entity hydrocodone tablet allows dose adjustment
without the risks associated with higher doses of APAP.

This article presents the results of a pivotal study, as part of
the clinical development program that evaluated the efficacy
and safety of a new single-entity, once-daily, extended-release
hydrocodone bitartrate tablet (HYD). The study employed an
enriched enrollment, randomized withdrawal design, a
standard approach to evaluate the efficacy of opioid analgesics
for the chronic pain indication.

2. Patients and methods

2.1 Study design

This multicenter, randomized, double-blind, placebo-
controlled study was conducted in 94 sites in the United
States and enrolled patients with moderate to severe chronic
low back pain (CLBP) that was uncontrolled by their current
stable analgesic regimen. The primary objective was to evalu-
ate the analgesic efficacy and safety of HYD (20 to 120 mg
tablets once daily) for the treatment of moderate to severe

LEP compared with placebo. The study consisted of a preran-
domization phase (i.c., a screening period (up to 14 days) and
an open-label run-in dose titration period (up to 45 days) that
assessed patient qualification for randomization), a 12-week
double-blind period, with a follow-up visit 5 - 7 days after
the final double-blind visit (Figure 1). Patients who discontin-
ued study drug during the double-blind period were encour-
aged to remain in the study and complete all study visits,
even though they were no longer receiving study drug (these
patients were considered retrieved dropout patients).
Retrieved dropout patients were allowed to resume their
incoming pain medications and/or could take any
medications recommended by the investigator.

Beginning at screening, patients recorded pain scores on a
daily basis on an electronic diary. At screening and during
the open-label run-in and double-blind periods, patients
recorded their “average pain over the last 24 h” scores on an
11-point numerical rating scale where 0 indicated “no pain”
and 10 indicated “pain as bad as you can imagine.” This study
and its informed consent form were reviewed and approved
by the appropriate institutional review boards, and it was
conducted according to current good clinical practice and
all relevant parts of the United States Code of Federal
Regulations Tite 21. All patients provided written informed
consent before any study-related procedures were performed.

2.2 Patients

Male and females aged 18 years or older with CLBP (i.e., LBP
lasting for at least 3 months prior to the screening visit) who
were either opioid-experienced or opioid-naive (defined as a
patient receiving < 5 mg a day of oxycodone equivalent
during the 14 days prior to screening) were eligible for partic-
ipation in the study. Eligible patients must have met study
inclusion/exclusion criteria, which included the following:
must have been on a stable analgesic regimen; if receiving a
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