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Results
	• Of the 56 participants who were randomly assigned, 54 (96.4%) completed 

the treatment phase; 52 (92.9%) were included in the modified completer 
population

	• Baseline characteristics are summarized in Table 1

Table 1. Baseline Characteristics

Participants
N=52

Age, mean (SD), years 33.9 (6.4)

Sex, n (%)
Female
Male

12 (21.4)
40 (71.4)

Race, n (%)
White
Black or African American
Asian
American Indian or Alaska Native
Native Hawaiian or Other Pacific Islander
Other

34 (60.7)
13 (23.2)

1 (1.8)
1 (1.8)
1 (1.8)
2 (3.6)

Modified completer population. Percentages do not add to 100 as the total number of randomly assigned 
participants was used as the denominator.

Primary End Point: Peak Effect for Drug Liking
	• Mean Drug Liking VAS scores for nalbuphine generally peaked at 1 hour 

after dosing and then declined steadily over the 24-hour postdose period 
(Figure 2A)

	– IV butorphanol produced higher early VAS scores than all the  
nalbuphine doses but decreased numerically, similar to nalbuphine; 
placebo scores remained relatively stable and close to neutral across  
all time points (Figure 2A)

	• IV butorphanol produced a higher VAS score than placebo validating 
the study. Both the 81-mg and 162-mg doses of nalbuphine resulted in 
significantly lower Drug Liking Emax compared with IV butorphanol  
(P<.0001 and P=.001, respectively) (Figure 2B)

	– The supratherapeutic dose of nalbuphine 486 mg showed a numerically 
lower Drug Liking Emax score compared with IV butorphanol, but the 
difference was not statistically significant (P=.322) 

	– All doses of nalbuphine were not equivalent to placebo using the 
predefined 11-point margin

Figure 2. (A) Drug Liking VAS Over Time and (B) Drug Liking VAS Emax 
by Treatment 
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Emax, peak effect; IV BUT, intravenous butorphanol; NAL, nalbuphine; VAS, visual analog scale.

Modified completer population (n=52). *** P<0.0001; ** P<0.001; (NAL vs IV BUT). 

Secondary End Points: Drug Effects
	• Use of nalbuphine was associated with an inverse dose response on Take 

Drug Again VAS (Figure 3)

	• High Effects VAS Emax scores for all doses of nalbuphine were lower than 
with IV butorphanol (Figure 4)

	• Good Effects VAS Emax scores for all doses of nalbuphine were lower than 
with IV butorphanol (Figure 5)

Figure 3. Take Drug Again VAS Emax
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Emax, peak effect; IV BUT, intravenous butorphanol; NAL, nalbuphine; VAS, visual analog scale. 

Modified completer population (n=52).

Figure 4. High VAS Emax
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Emax, peak effect; IV BUT, intravenous butorphanol; NAL, nalbuphine; VAS, visual analog scale.

Modified completer population (n=52).

Figure 5. Good VAS Emax
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Emax, peak effect; IV BUT, intravenous butorphanol; NAL, nalbuphine; VAS, visual analog scale. 

Modified completer population (n=52).

	• TEAEs showed moderate dose-dependent increases for nalbuphine, with the 
highest incidence observed for butorphanol and lowest with placebo

	– Nausea, headache, and irritability were reported as the most common 
TEAEs (Table 2)

	– Most TEAEs were mild (grade 1); no serious TEAEs were reported

Table 2. Treatment-Emergent Adverse Events

Placebo
n=54

IV BUT
n=54

NAL 
81 mg
n=55

NAL  
162 mg

n=55

NAL  
486 mg

n=56

Any TEAE, n (%) 7 (13.0) 19 (35.2) 6 (10.9) 10 (18.2) 11 (19.6)

Severity 
Grade 1
Grade 2
Grade 3

4 (7.4)
2 (3.7)
1 (1.9)

15 (27.8)
4 (7.4)

0

5 (9.1)
1 (1.8)

0

7 (12.7)
3 (5.5)

0

10 (17.9)
0

1 (1.8)

Any serious TEAE,  
n (%) 0 0 0 0 0

Discontinuation  
due to TEAE, n (%) 0 0 0 0 0

Most frequent TEAEs 
(occurring in ≥5%)

Nausea
Headache
Irritability

0
2 (3.7)
1 (1.9)

9 (16.7)
5 (9.3)
3 (5.4)

2 (3.6)
1 (1.8)
2 (3.7)

3 (5.5)
1 (1.8)
1 (1.8)

5 (8.9)
4 (7.3)
3 (5.5)

IV BUT, intravenous butorphanol; NAL, nalbuphine; TEAE, treatment-emergent adverse event. 

Safety population. 

Conclusions
	• In this validated study, nalbuphine solution 

seemed to have similar or lower potential for 
abuse than IV butorphanol, a Schedule IV mixed 
agonist-antagonist opioid, across a variety 
of measures in recreational drug users with 
opioid experience

	• Nalbuphine showed separation from placebo 
on the measures of drug liking and willingness 
to take the drug again, and nalbuphine was 
associated with numerically lower high effects 
and good effects than butorphanol, suggesting 
limited abuse potential

	• Nalbuphine was well tolerated and no new 
safety signals were observed 
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Background
	• Oral nalbuphine extended-release (ER) tablets are being developed for the 

treatment of chronic cough in patients with idiopathic pulmonary fibrosis (IPF)1,2 
and refractory chronic cough (RCC)3 

	• Nalbuphine ER acts on the cough reflex arc both centrally and peripherally as 
a kappa agonist and a mu antagonist, targeting opioid receptors that play a 
key role in controlling chronic cough

	• Treatment with nalbuphine ER significantly reduced cough frequency in 
patients with IPF1 and RCC3 in phase 2a proof-of-concept studies

	• Although nalbuphine is not a controlled substance under the US Controlled 
Substances Act4 in its parenteral form and is not included in the List of 
Narcotic Drugs Under International Control,5 the central nervous system  
activity of nalbuphine necessitates an evaluation of its opioid pharmacology, 
potential for abuse, and physical dependence under Section 21 U.S.C. 811 of 
the US Controlled Substances Act (CSA)6

	• The US Food and Drug Administration (FDA) requires an abuse potential 
assessment as part of the overall safety evaluation in a New Drug Application  
for any central nervous system–active compound, which informs the 
scheduling recommendation6

	• This study aimed to investigate the abuse potential of oral solution nalbuphine 
compared with butorphanol and placebo in non-dependent, recreational 
opioid users

Methods
	• Study design

	– Part 1: the suitability of butorphanol (listed in Schedule IV of the CSA)7 
as a positive control was assessed in an open-label single-dose study 
designed to characterize its pharmacokinetics, pharmacodynamics, 
and safety. This was necessary to identify an intravenous (IV) infusion 
regimen that could replicate the pharmacokinetic profile of intranasal 
butorphanol reported in published literature,8,9 thereby ensuring it would 
serve as an appropriate comparator in Part 2  

	– Part 2 (main study): randomized, double-blind, double-dummy,  
active- and placebo-controlled, 5-way crossover study (Figure 1)

	– The main study consisted of 2 phases (Figure 1): 

	• Qualification phase: participants underwent a naloxone challenge to 
confirm they were not physically dependent on opioids before being 
randomly assigned to receive either placebo or IV butorphanol 6 mg 
as a 1-hour infusion, followed by a 3-day washout period 

	• Treatment phase: participants were again randomly assigned to receive  
each of the 5 treatments: placebo, IV butorphanol 6 mg as a 1-hour 
infusion, and 3 single oral doses of nalbuphine solution (81 mg,  
162 mg, and 486 mg), each separated by a 4-day washout period 

	• Inclusion criteria

	– Age 18-55 years

	– Body mass index 18.0-33.0 kg/m2 

	– Current opioid users with a history of using opioids for recreational 
(nontherapeutic) purposes ≥10 times in the past year and ≥1 time within 
the 8 weeks before screening 

	• Exclusion criteria

	– Self-reported history of substance or alcohol dependence within the  
past 2 years (as defined by the Diagnostic and Statistical Manual of 
Mental Disorders, 4th edition, Text Revision)

	– Heavy smoker (≥20 cigarettes per day)

	– History or presence of any clinically significant abnormality or illness

	• End points

	– Primary end point: peak effect (Emax) for “Drug Liking” (“at this moment”), 
assessed on a bipolar 100‑point visual analog scale (VAS) 

	– Secondary end points: subjective measures, physiological measures, 
pupillometry, and pharmacokinetics 

	– End points were assessed using the modified completer population, 
defined as participants who completed all treatment periods and had 
sufficient primary end point data (including at least 1 Drug Liking VAS 
observation within 2 hours of Tmax for each treatment). Participants with 
a Drug Liking Emax for butorphanol ≤55, with similar Emax scores across 
treatments (≤5-point difference), with a placebo Emax ≥95, or with a 
placebo–butorphanol Emax difference ≥5 points were not included in the 
modified completer population

	– Safety was evaluated by the incidence and severity of treatment-emergent  
adverse events (TEAEs), a range of clinical evaluations, and relationship 
to the treatment in the safety population (all participants who received 
any treatment during the treatment phase)

Figure 1. Study Design
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