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Bl Abstract

Objectives: The clinical utility of conventional IV opioids is
limited by the occurrence of opioid-related adverse events.
Oliceridine is a novel G protein-biased p-opioid receptor
agonist designed to provide analgesia with an improved
safety and tolerability profile. This phase Ill, double-blind,
randomized trial (APOLLO-2 [NCT02820324]) evaluated the
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efficacy and safety of oliceridine for acute pain following
abdominoplasty.

Methods: Patients received a loading dose of either pla-
cebo, oliceridine (1.5 mg), or morphine (4 mg), followed by
demand doses via patient-controlled analgesia (0.1, 0.35, or
0.5 mg oliceridine; 1 mg morphine; or placebo) with a 6-
minute lockout interval. The primary endpoint was the
proportion of treatment responders over 24 hours for
oliceridine regimens compared to placebo. Secondary out-
comes included a predefined composite measure of respira-
tory safety burden (RSB, representing the cumulative
duration of respiratory safety events) and the proportion of
treatment responders vs. morphine.

Results: A total of 401 patients were treated with study
medication. Effective analgesia was observed for all olicer-
idine regimens, with responder rates of 61.0%, 76.3%, and
70.0% for the 0.1-, 0.35-, and 0.5-mg regimens, respectively,
compared with 45.7% for placebo (all P < 0.05) and 78.3%
for morphine. Oliceridine 0.35- and 0.5-mg demand dose
regimens were equi-analgesic to morphine using a noninfe-
riority analysis. RSB showed a dose-dependent increase across
oliceridine regimens (mean hours [standard deviation],
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0.1 mg: 0.43 [1.56]; 0.35 mg: 1.48 [3.83]; 0.5 mg: 1.59 [4.26];
all comparisons not significant at P > 0.05 vs. placebo: 0.60
[2.82]). The RSB measure for morphine was 1.72 (3.86)
(P<0.05 vs. placebo). Gastrointestinal adverse events
increased in a dose-dependent manner across oliceridine
demand dose regimens (0.1 mg: 49.4%; 0.35 mg: 65.8%;
0.5 mg: 78.8%; vs. placebo: 47.0%; and morphine: 79.3%). In
comparison to morphine, the proportion of patients experi-
encing nausea or vomiting was lower with the 2 equi-
analgesic dose regimens of 0.35 and 0.5 mg oliceridine.
Conclusions: Oliceridine is a safe and effective IV analgesic
for the relief of moderate to severe acute postoperative pain
in patients undergoing abdominoplasty. Since the low-dose
regimen of 0.1 mg oliceridine was superior to placebo but
not as effective as the morphine regimen, safety comparisons
to morphine are relevant only to the 2 equi-analgesic dose
groups of 0.35 and 0.5 mg, which showed a favorable safety
and tolerability profile regarding respiratory and gastroin-
testinal adverse effects compared to morphine. These find-
ings support that oliceridine may provide a new treatment
option for patients with moderate to severe acute pain
where an |V opioid is warranted.

Key Words: postoperative, analgesia, patient controlled,
clinical trial, abdominoplasty

INTRODUCTION

Among the 1.8 million cosmetic surgeries performed in the
United States in 2017, abdominoplasty was the fifth most
common procedure." Post-procedural pain following
abdominoplasty remains a major concern for both sur-
geons and patients and when adequately managed can lead
to earlier mobilization, early discharge, a shorter hospital
stay, reduced hospital costs, quicker return to normal
activities, and improved patient satisfaction.”* Traditional
management of postoperative pain has utilized conven-
tional opioids in the intra/perioperative setting.” Although
these agents provide satisfactory relief of moderate to
severe pain, they are also associated with undesirable side
effects, including respiratory depression, sedation, nausea,
vomiting, constipation, and the risk for dependence.®
When present, these complications can result in negative
clinical outcomes, including increased morbidity and
mortality, delayed recovery and discharge, and higher
overall treatment costs.”~"! In an attempt to reduce opioid
misuse and abuse, clinical guidelines recommend the use of
multimodal analgesia involving the adjunctive use of non-
opioid analgesics and reduction in the dose and duration of
opioid use.'” While these approaches have been an
important clinical advance in care, they have not eliminated
the need for IV opioids in all cases.

Morphine and other conventional opioids produce
analgesia through their action on centrally located p-
opioid receptors. Receptor binding leads to a cascade of
post-receptor signaling events, including engagement of
G proteins, which are thought to be the principal
pathway leading to the analgesic effects of opioids.
Similarly, recruitment of post-receptor B-arrestin pro-
teins is thought to restrain G protein signaling and to
play an important role in the development of opioid-
related adverse events (ORAEs)."*>" Circumstantial
evidence in support of this can be seen from experiments
in B-arrestin knockout mice that display enhanced
analgesia and fewer respiratory and gastrointestinal
ORAEs under morphine treatment compared to wild-
type mice.'”*° These findings have prompted an interest
in developing p-opioid receptor ligands that preferen-
tially engage the G protein pathway with minimal to no
recruitment of B-arrestin signaling.19

Oliceridine (Trevena Inc., Chesterbrook, PA, U.S.A.),
an investigational compound, is a novel p-opioid recep-
tor ligand that is a full agonist for G protein activation at
the p-opioid receptor but with markedly reduced B-
arrestin recruitment compared with conventional opi-
oids.'®*! Preclinical rodent models showed that at equi-
analgesic doses, oliceridine is a potent analgesic, but
with less gastrointestinal dysfunction and respiratory
suppression than morphine.'® Initial human studies
demonstrated similar effects, with oliceridine producing
less suppression of hypercarbic-induced increases in
respiratory drive compared to equi-analgesic and supra-
analgesic doses of morphine in healthy participants.'®
Subsequently, single-center phase II studies in patients
undergoing bunionectomy or abdominoplasty showed
that as-needed (PRN) oliceridine regimens provided an
analgesic efficacy similar to that of morphine?**® but
with a clinically notable reduction in the incidence of
respiratory and gastrointestinal adverse effects.”> To
extend and confirm the phase II study findings, a large
multicenter phase III, randomized, controlled APOLLO-
2 trial, which compared IV oliceridine to placebo for the
treatment of moderate to severe acute pain following
abdominoplasty, was conducted. Morphine (IV) was
included in the study design as an active comparator.
Based on previous findings from phase II studies, we
hypothesized that oliceridine would provide rapid and
superior acute postoperative analgesia compared to
placebo with a more favorable safety and tolerability
profile than morphine. The findings of this study are
presented here.
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METHODS
Study Design

APOLLO-2 (NCT02820324) was a phase III, multicen-
ter, randomized, double-blind, placebo- and active-
controlled study conducted at § sites in the United
States among patients recruited for elective abdomino-
plasty surgery. Each study location was a clinical
research facility associated with a surgical unit. Patients
were enrolled between May 2016 and January 2017.
The study was conducted in compliance with the
Declaration of Helsinki and the International Council
on Harmonisation Good Clinical Practice Guidelines.
The trial protocol was approved by a centralized
institutional review board through Advarra®, and all
patients provided written informed consent before any
study procedures were performed.

Study Participants

Patients were screened for eligibility within 35 days
prior to the date of surgery. Eligible patients were 18
to 75 years of age at screening and recruited to
undergo an abdominoplasty procedure with no addi-
tional collateral procedures. Patients who reported
moderate or severe pain within 4 hours after surgery as
reported on a categorical scale (none, mild, moderate,
or severe) and who rated their pain with a score of >5
on a numeric rating scale with a range of 0 = no pain
to 10 = worst pain imaginable were eligible for
randomization.

Exclusion criteria were body mass index
(BMI) > 35 kg/m? or body weight < 40 kg; women
who were pregnant or breastfeeding; history of opioid
hypersensitivity; diagnosis of sleep apnea; use of chronic
opioid therapy (defined as >15 morphine equivalent
units/day for >3 days/week and for >1 month within
1 year of surgery); use of any analgesic medication
within 5 half-lives (or 48 hours if unknown) before
surgery; chronic nonsteroidal anti-inflammatory drug
therapy (daily use for >2 weeks within 6 months before
surgery with the exception of aspirin < 325 mg daily for
cardiovascular prophylaxis if the patient was on a stable
regimen for >30 days); use of agents that could affect
analgesic response (central o-adrenergic agents,
antiepileptics, neuroleptics, antidepressants, antipsy-
chotics) that had not been stably dosed for >30 days
prior to surgery; use of oral or parenteral corticosteroids
within 3 months before surgery; ECG abnormalities
(QTCcF interval of >450 milliseconds in males and >470

milliseconds in females at screening); or hepatic or renal
impairment at screening.

Additional postoperative exclusion criteria included
surgical duration of >2.5 hours, evidence of hemody-
namic instability or respiratory insufficiency, or surgical/
anesthetic complications or protocol violations that
could confound interpretation of study data.

All patients were graded with a simplified Apfel risk
score”* derived as a value from 1 to 4 based on medical
history questions including female sex, nonsmoking
status, prior history of motion sickness or postoperative
nausea or vomiting, and planned postoperative opioid
use.

Concomitant Medications

All patients underwent a semi-standardized anesthetic
protocol, whereby general anesthesia was achieved
using fentanyl and propofol, with or without volatile
anesthetics or muscle relaxants. Opioids other than
fentanyl, intra- or postoperative steroids, nonsteroidal
anti-inflammatory drugs, IV acetaminophen, epidural or
intrathecal agents, regional or neuraxial anesthesia,
long-acting local anesthetics, or prophylactic antiemet-
ics were prohibited. Analgesia could have been main-
tained during the immediate postoperative period, if
needed, with fentanyl 25-pg IV boluses. Patients could
not initiate the randomized study treatment phase until
at least 20 minutes after the last dose of fentanyl.
Prophylactic antiemetics were not permitted periop-
eratively or during the randomized treatment period. In
addition, prophylactic supplemental oxygen was not
permitted during the randomized treatment period.

Randomization and Treatment

Patients meeting all eligibility criteria were randomized
in equal ratios to double-blind IV treatment demand
dose regimens (placebo, oliceridine 0.1 mg, oliceridine
0.35 mg, oliceridine 0.5 mg, or morphine 1 mg;
Table 1). For each regimen, a clinician-administered
IV fixed loading dose (oliceridine 1.5 mg, morphine
4 mg, or volume-matched placebo) was followed by
demand doses administered via a patient-controlled
analgesia (PCA) device and clinician-administered,
blinded supplemental doses. PCA doses were allowed
from 10 minutes after the loading dose and limited by a
6-minute lockout interval. Clinician-administered IV
supplemental doses (oliceridine 0.75 mg and morphine
2 mg) were permitted as often as hourly (PRN).
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Demand dose regimens for oliceridine were selected
based on prior evidence of efficacy in earlier clinical
studies.”**> Morphine dosing was based on standard
clinical guidelines for use.”’

The dosing limit for all oliceridine treatment groups
was 60 mg in the first 12 hours, defined as 3 PCA
syringes or 6 clinician-administered supplemental PRN
doses within the first 12 hours. If patients reached their
dosing limit, they were discontinued from the study
treatment and managed by conventional, clinician-
determined analgesic treatment; however, they contin-
ued in the study to provide efficacy and safety assess-
ments per protocol and were included in the final data
analysis.

In the event that the study medication, including both
demand and supplemental doses, was inadequate,
patients could receive protocol-specified open-label
rescue pain medication (etodolac 200 mg every 6 hours,
PRN) if they reported a score > 4 on the pain numeric
rating scale (NRS). Patients receiving rescue pain med-
ication continued to be treated with study medication
PRN. However, if study medication and rescue pain
medication were inadequate, the patient was discontin-
ued from study medication and was managed conven-
tionally with clinician-determined analgesic treatment.

Primary Endpoint

The primary efficacy endpoint was the proportion of
patients who responded to study medication com-
pared to placebo at the end of the randomized 24-
hour treatment period, conforming to the guidance
provided by the U.S. Food and Drug Administration

Table 1. Treatment Regimens

Clinician
Clinician Administered
Administered Demand Supplemental
Treatment Regimen Loading Dose Dose Via PCA Dose
Placebo Volume- Volume- Volume-
matched matched matched
Oliceridine 1.5 mg 0.1 mg 0.75 mg
0.1 mg regimen
Oliceridine 1.5 mg 0.35 mg 0.75 mg
0.35 mg regimen
Oliceridine 1.5 mg 0.5 mg 0.75 mg
0.5 mg regimen
Morphine 4 mg 1 mg 2 mg

1 mg regimen

Clinician administered supplemental dosing could start 1 hour after the loading dose
and be administered up to hourly, as needed. Further open-label rescue pain
medication (oral etodolac 200 mg every 6 hours) was permitted, as needed. PCA had a
6-minute lockout.

PCA, patient-controlled analgesia device.

on analgesic drug development.”® Response was
defined as being present if all of the following criteria
were met: (1) at least a 30% improvement in time-
weighted sum of pain intensity difference (SPID) from
baseline at 24 hours, (2) no use of protocol-specified
rescue pain medicine, (3) no early discontinuation of
study medication for any reason, and (4) did not
reach protocol-specified study medication dosing limit.
This composite endpoint was selected with the inten-
tion to more clearly depict efficacy that is achieved
with only use of the study medication and without
detrimental impact on tolerability.

Key Secondary Endpoints

Two key secondary objectives were prespecified in the
protocol. The first was the magnitude of respiratory
safety burden (RSB) among patients in each treatment
regimen. RSB was a novel composite measure reflecting
the cumulative duration of clinically meaningful respi-
ratory compromise. RSB was calculated as the mathe-
matical product of the incidence of a defined set of
observed respiratory safety events multiplied by the
mean expected cumulative duration of these events. The
final RSB endpoint was therefore reported in hours. A
certified registered nurse anesthetist or anesthesiologist,
blinded to study medication allocation, monitored
patients during the randomized treatment period
according to a protocol-defined schedule. The clinician
intervened when indicated (eg, by administering supple-
mental oxygen or ordering a dosing interruption) and
thereby determined the onset and resolution times of
each respiratory safety event. The monitoring clinician
combined clinical acumen with bedside observations to
identify a respiratory safety event. A respiratory safety
event was prespecified among any of the following
events reflecting a worsening of respiratory status:
changes in respiratory rate, the presence of clinically
significant oxygen desaturation, a change in the level of
sedation, measured using the Moline-Roberts Pharma-
cologic Sedation Scale,?” and changes in the level of end-
tidal carbon dioxide.

The other key secondary endpoint was an efficacy
comparison of the proportion of treatment responders in
each of the oliceridine regimens to patients receiving
morphine. The proportion of treatment responders in
each oliceridine regimen compared to those in the
morphine regimen used the same responder criteria as
was used to calculate the primary endpoint and included
both noninferiority and superiority analyses.
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Other Secondary Endpoints

Other secondary outcome measures to provide confir-
matory evidence of the clinical significance of the
primary efficacy endpoint were obtained, including pain
intensity over time, the proportion of treatment respon-
ders over time, the cumulative response by time point,
and the magnitude and time to self-reported pain relief
measured using perceptible and meaningful pain relief
with the 2-stopwatch method.”® In addition, the per-
centage of patients receiving rescue pain medication
over time, and the time to first use of rescue pain
medication, were measured to characterize the suffi-
ciency of the analgesic effect. Finally, clinician- and
patient-reported satisfaction were also obtained.

Safety and Tolerability Assessment

Overall safety and tolerability of all treatment regimens
was assessed using the incidence of treatment-emergent
adverse events (AEs) reported during the treatment
period and 7-day follow-up period. All AEs were
spontaneously reported, and verbatim terms were coded
using the Medical Dictionary for Regulatory Activities
(MedDRA) version 19.0.%° The severity and causal
relationship to the study drug for each AE was deter-
mined by the treating clinician. Clinical laboratory
assessments, vital sign measurements, and an ECG were
collected at baseline and following treatment.

Additional secondary safety and tolerability analyses
included the proportion of patients reporting gastroin-
testinal AEs, and the use of rescue antiemetics.

Statistical Analysis

The primary efficacy endpoint (oliceridine vs. placebo)
was analyzed using a logistic regression model that
contained treatment group as a fixed factor and baseline
NRS pain score and study site as covariates. Intermit-
tently missing NRS pain measures were imputed by
linear interpolation. In situations where all NRS pain
score values were missing after a certain point (due to
study discontinuation for example), a model-based
multiple imputation method was applied. Where all
NRS pain score values were missing after a certain point
(eg, due to study discontinuation), a model-based
multiple imputation method was applied.

The key secondary endpoint of RSB (oliceridine
superiority vs. morphine) was analyzed using a zero-
inflated gamma mixture model with treatment group as

a factor, and baseline NRS, BMI, and study site as
covariates.

The key secondary responder endpoint (oliceridine
noninferiority or superiority vs. morphine) was analyzed
using 1-sided linear contrasts on the logarithmic odds
scale from a logistic regression model that contained
treatment group as a fixed factor and baseline NRS pain
score and site as covariates. The noninferiority contrasts
were constructed so that any oliceridine treatment
regimen shown to have an effect significantly greater
than half of the observed morphine effect would be
regarded as noninferior to morphine. Oliceridine supe-
riority vs. morphine was then analyzed using the same
methods as for the primary comparison of oliceridine vs.
placebo.

All other treatment comparisons were 2-sided, with
an unadjusted (nominal) significance level of o = 0.05.
Patient demographics and AEs were summarized
descriptively.

In order to avoid type I (false positive) errors when
testing multiple treatment groups, a Hochberg gate-
keeping approach was used to assess the primary and
key secondary endpoints.>® The order of analysis was
the primary superiority responder analysis of oliceridine
vs. placebo, followed by the key secondary RSB analysis
of oliceridine vs. morphine, the key secondary noninfe-
riority responder analysis of oliceridine vs. morphine,
and finally the key secondary superiority responder
analysis of oliceridine vs. morphine. Within each anal-
ysis step, a Hochberg adjustment was applied to all P
values. The order of the gating was selected based on
interest in comparing the respiratory safety profile of
oliceridine and morphine, and the significant amount of
power expected to be required to achieve noninferiority
between active regimens, which were selected based on
their potential equi-analgesia.

Power calculations incorporated the Hochberg gate-
keeping multiplicity adjustment and were computed via
simulations and assumed responses similar to those
observed from the prior phase II clinical trial comparing
the efficacy and safety of oliceridine vs. placebo and vs.
morphine following abdominoplasty.?® It was expected
that identification of noninferiority between oliceridine
and morphine regimens designed to be broadly equi-
analgesic would require significant power. Thus, the
RSB endpoint was chosen to be the first priority in the
gating order.

A sample size of 375 patients (75 per treatment
group) was estimated to provide 88% power to
demonstrate that at least 2 oliceridine treatment groups
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would be simultaneously superior to placebo for the
primary responder efficacy endpoint, superior to mor-
phine for the key secondary RSB endpoint, and nonin-
ferior to morphine for the key secondary responder
efficacy endpoint. This planned sample size provided
greater than 99% power to demonstrate superiority of
all oliceridine groups compared with placebo for the
primary endpoint, and 96% power to demonstrate
superiority of all oliceridine groups compared to mor-
phine for RSB. The planned sample size also provided
93% power to demonstrate the noninferiority of
oliceridine to morphine with respect to the responder
efficacy endpoint for at least 2 of the oliceridine groups.

RESULTS

Patient Disposition and Demographic and Clinical
Characteristics

During the surgical period, a total of 407 patients were
randomized. However, 2 patients did not undergo
surgery and 4 patients did not meet the immediate
postoperative inclusion criteria. Thus, 401 patients were
treated with study medication (placebo: # = 81; olicer-
idine: 0.1 mg demand dose regimen, n = 77; 0.35 mg
demand dose regimen, #n = 80; 0.5 mg demand dose
regimen, 7 = 80; morphine: 1 mg demand dose regi-
men, n = 83). Patient disposition is shown in Figure 1,
where 85.5% (n = 348) of patients completed treat-
ment, with all oliceridine regimens combined = 87.6%
(n = 212); morphine = 90.4% (n = 75); and 74.4%
(n = 61) in the placebo group. Patient demographics
were similar across all treatment groups and are shown
in Table 2, where most patients were female (n = 398,
99.3%); mean age was 41.4 + 10.2 years. More than
half of all patients reported severe pain at baseline
(n =203, 51.4%), and most had an Apfel risk score of 3
or 4 (95.0%). During the immediate postoperative
period and prior to study medication dosing, a total of
399 patients (99.5%) received adjunctive fentanyl 25-ug
IV boluses (placebo 7 = 81, 100%; oliceridine 0.1-mg
regimen, n = 77, 100%; oliceridine 0.35-mg regimen,
n =79, 98.8%; oliceridine 0.5-mg regimen, n = 80,
100%; morphine, 7 = 82, 98.8%).

Study Drug Exposure and Rescue Medication Use

With dosing administered as needed, each active treat-
ment group contained a range of drug exposures. Mean
(standard deviation [SD]) cumulative exposure to study

medication over the 24-hour treatment period was 9.7
(5.1) mg in the oliceridine 0.1-mg regimen, 21.2 (12.9)
mg in the oliceridine 0.35-mg regimen, 26.2 (18.2) mg in
the oliceridine 0.5-mg regimen, and 39.7 (27.6) mg in
the morphine regimen.

The highest incidence of rescue pain medication
utilization during the randomized treatment period was
observed among patients in the placebo treatment
regimen. All active treatment regimens showed a
substantially lower incidence of rescue medication use
across the treatment interval. The mid- and higher
demand dose oliceridine rescue medication use was
indistinguishable from morphine, while the lower
demand dose of oliceridine showed a level of rescue
medication use intermediate between placebo and the
other active medication regimens (Figure 2A).

Primary End Point

The proportion of treatment responders at the 24-hour
NRS assessment was statistically significantly higher in
all oliceridine assigned patient cohorts (61%,
P = 0.029; 76.3%, P < 0.0001; and 70%, P = 0.0004
for oliceridine 0.1, 0.35, and 0.5 mg demand dose
regimens, respectively, compared to the placebo regimen
(45.7%) with Hochberg adjustment; Figure 3A).

Although the primary endpoint analysis compared
oliceridine to placebo, for context, the proportion of
treatment responders in the morphine group vs. placebo
was 78.3% (P < 0.001).

Key Secondary Endpoint (Respiratory Safety Burden)

The key secondary outcome of RSB (defined in the
Methods section, denoting a composite, calculated
measure of respiratory compromise) showed a dose-
dependent increase across oliceridine regimens (mean
hours [SD], 0.1 mg: 0.43 [1.56]; 0.35 mg: 1.48 [3.83];
0.5 mg: 1.59 [4.26]), with all comparisons not statisti-
cally different from placebo (P > 0.05 vs. placebo: 0.60
[2.82]). The RSB outcome for morphine was 1.72
(3.86), which was statistically significantly worse than
placebo (P < 0.05 vs. placebo). There was no statisti-
cally significant difference in the key secondary outcome
of RSB for the higher demand doses of oliceridine 0.35-
mg (P =0.27 vs. morphine) and 0.5-mg regimens
(P = 0.54 vs. morphine) compared to the morphine-
treated patients.

The component elements that comprised the com-
posite RSB endpoint included the incidence of
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PLACEBO

OLICERIDINE
0.1 mg Demand Dose

Patients Screened (N = 759)
Screen failures (n = 350)

v

Patients Randomized (n = 407)

OLICERIDINE
0.35 mg Demand Dose

OLICERIDINE
0.5 mg Demand Dose

MORPHINE 1 mg

Randomized (n = 82)
Patients undergoing surgery (n = 81; 98.8%)

Randomized (n = 78)
Patients undergoing surgery (n = 78; 100.0%)

Randomized (n = 82)
Patients undergoing surgery (n = 81; 98.8%)

Randomized (n = 82)
Patients undergoing surgery (n = 82; 100.0%)]

Randomized (n = 83)

Patients undergoing surgery (n = 83; 100.0%)

v

v

Treated (n = 81; 98.8%)

Not treated due to IPP criteria (n = 1; 1.2%)
Completed treatment (n = 61; 74.4%)
Discontinued treatment (n = 20; 24.4%)

Adverse event (n = 0)

Subject withdrew (n = 1; 1.2%)

Lack of efficacy (n = 18; 22.0%)

Other (n=1; 1.2%)

v

Treated (n = 77; 98.7%)

Not treated due to IPP criteria (n = 1; 1.3%)
Completed treatment (n = 67; 85.9%)
Discontinued treatment (n = 10; 12.8%)

Adverse event (n = 0)

Subject withdrew (n = 1; 1.3%)

Lack of efficacy (n = 9; 11.5%)

Other (n = 0)

v

Treated (n = 80; 97.6%)

Not treated due to IPP criteria (n = 1; 1.2%)
Completed treatment (n = 74; 90.2%)
Discontinued treatment (n = 6; 7.3%)

Adverse event (n = 4; 4.9%)

Subject withdrew (n = 0)

Lack of efficacy (n = 2; 2.4%)

Treated (n = 80; 97.6%)
Not treated due to IPP criteria (n = 2; 2.4%)
Completed treatment (n = 71; 86.6%)
Discontinued treatment (n = 9; 11.0%)
Adverse event (n = 4; 4.9%)
Subject withdrew (n = 1; 1.2%)
Lack of efficacy (n = 4; 4.9%)

Treated (n = 83; 100.0%)

Not treated due to IPP criteria (n = 0)
Completed treatment (n = 75; 90.4%)
Discontinued treatment (n = 8; 9.6%)
Adverse event (n = 2; 2.4%)
Subject withdrew (n = 0)
Lack of efficacy (n = 6; 7.2%)

Other (n=0)
v

Other (n=0)
v

Other (n=0)
v

Completed follow-up (n = 79; 96.3%)
Did not complete follow-up (n = 2; 2.4%)
Lost to follow-up (n = 1; 1.2%)
Subject withdrew (n = 0)
Lack of efficacy (n = 1; 1.2%)
Adverse events (n = 0)

Other (n=0)
v

Completed follow-up (n = 76; 97.4%)
Did not complete follow-up (n = 1; 1.3%)
Lost to follow-up (n = 1; 1.3%)
Subject withdrew (n = 0)
Lack of efficacy (n = 0)
Adverse events (n = 0)

Other (n = 0)
v

Completed follow-up (n = 79; 96.3%)
Did not complete follow-up (n = 2; 2.4%)
Lost to follow-up (n = 0)
Subject withdrew (n = 2; 2.4%)
Lack of efficacy (n = 0)
Adverse events (n = 0)

Completed follow-up (n = 79; 96.3%)
Did not complete follow-up (n = 1; 1.2%)
Lost to follow-up (n = 0)
Subject withdrew (n = 0)
Lack of efficacy (n = 0)
Adverse event (n = 1; 1.2%)

Completed follow-up (n = 80; 96.4%)
Did not complete follow-up (n = 3; 3.6%)
Lost to follow-up (n = 0)
Subject withdrew (n = 0)
Lack of efficacy (n = 2; 2.4%)
Adverse event (n = 1;1.2%)

Other (n=0)
v

Other (n=0)
v

Other (n=0)
v

Analyzed for efficacy (n = 81)
Analyzed for safety (n = 83)

Analyzed for efficacy (n =77)
Analyzed for safety (n=77)

Analyzed for efficacy (n = 80)
Analyzed for safety (n = 79)

Analyzed for efficacy (n = 80)
Analyzed for safety (n = 80)

Analyzed for efficacy (n = 83)

Analyzed for safety (n = 82)

Figure 1. Patient disposition. All percentages are based on the number of patients randomized. Efficacy and safety analyses were
conducted on all randomized patients who received >1 dose of study medication. Efficacy analyses were based on the randomized
treatment assignment, while safety analyses were based on the actual treatment received. This explains the minor discrepancies seen
between the number of patients analyzed for efficacy and safety in some treatment regimens. IPP, immediate postoperative period.

Table 2. Patient Demographics and Baseline Characteristics

Oliceridine Demand Dose Regimen

Placebo Morphine Regimen
(n=1381) 0.1 mg (n =77) 0.35 mg (n = 80) 0.5 mg (n = 80) 1 mg (n = 83)
Gender, n (%)

Male 0 1(1.3) 0 0 2(2.4)
Female 81 (100.0) 76 (98.7) 80 (100.0) 80 (100.0) 81 (97.6)
Mean age, years (SD) 42.2 (10.3) 41.8 (10.6) 42.0 (10.0) 40.4 (10.0) 40.4 (10.4)
Mean BMI, kg/m? (SD) 27.0 (3.5) 28.0 (3.4) 27.6 (3.0) 27.0 (3.2) 26.8 (3.3)
BMI > 30 kg/mz, n (%) 17 (20.9) 25 (32.5) 16 (20) 12 (15) 12 (14.5)

Race, n (%)
White 52 (64.2) 45 (58.4) 55 (68.8) 50 (62.5) 55 (66.3)
Black/African American 27 (33.3) 24 (31.2) 22 (27.5) 28 (35.0) 24 (28.9)
American Indian/Alaska native 0 1(1.3) 0 0 0
Asian 1(1.2) 3(3.9) 2 (2.5) 1(1.3) 2 (2.4)
Native Hawaiian/Pacific Islander 0 2 (2.6) 0 0 1(2.2)
Other 1(1.2) 2 (2.6) 1(1.3) 1(1.3) 1(1.2)
Mean surgery duration, min (SD) 75.7 (19.4) 72.9 (16.3) 77.9 (17.8) 74.3 (18.4) 76.7 (18.3)
Mean baseline pain score (SD)" 7.2 (1.4) 7.4 (1.4) 7.4 (1.6) 7.5 (1.6) 7.3 (1.5)
Baseline categorical pain rating, n (%)’
Mild 1(1.2) 0 0 2 (2.6) 0
Moderate 41 (50.6) 35 (45.5) 36 (45.6) 34 (44.2) 43 (53.1)
Severe 39 (48.1) 42 (54.5) 43 (54.4) 41 (53.2) 38 (46.9)
Apfel risk score, n (%)™*
1 0 0 0 0 0
2 1(1.2) 3(3.9) 4 (5.0) 7 (8.8) 5 (6.0)
3 67 (82.7) 57 (74.0) 60 (75.0) 66 (82.5) 67 (80.7)
4 13 (16.0) 17 (22.1) 16 (20.0) 7 (8.8) 11(13.3)

*Patients self-rated pain on a scale from 0 = no pain to 10 = worst pain imaginable.

Percentages based on the total number of patients who responded; 3 patients were missing baseline pain scores in the oliceridine 0.5 mg regimen, 2 were missing scores in the
morphine regimen, and 1 was missing scores in the oliceridine 0.35 mg regimen.

“The Apfel score assesses a patient's risk for postoperative nausea and vomiting based on known risk factors. The total score ranges from 0 to 4, with higher scores indicating greater
risk, and is the sum of positive responses to the following questions: is the patient female; does the patient have a history of postoperative nausea, vomiting, or motion sickness; is

the patient a nonsmoker; and does the patient have postoperative opioid use. In this study, all patients were considered as having postoperative opioid use.
BMI, body mass index; SD, standard deviation.

respiratory safety events and the mean cumulative
duration of those events. Both of these components of
RSB also showed a dose-dependent increase across the

oliceridine groups (Table 3 and Figure 4). In an
exploratory analysis of nonadjusted comparisons, the
2 higher demand dose regimens of oliceridine had
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Figure 2. A, Cumulative use of rescue pain medication. B, First perceptible and first meaningful pain relief. In (A), the cumulative
percentage of patients using rescue pain medication in each regimen is shown at predefined time points throughout the 24-hour
treatment period. Patients could receive open-label rescue pain medication (oral etodolac 200 mg every 6 hours PRN) if they reported a
score > 4 on the pain NRS. In (B), the median time to first perceptible and first meaningful pain relief is presented, as reported by
patients using the two-stopwatch method. *P < 0.05 compared to morphine. Cl, confidence interval; NRS, numeric rating scale; PRN, as

needed.

numerically lower incidences of respiratory safety events
compared to morphine (oliceridine 0.35-mg regimen:
21.5%; oliceridine 0.5-mg regimen: 22.5%; morphine:
26.8%; placebo: 6%), although this was not significant
(P=0.20 and P = 0.32 for the 0.35-mg and 0.5-mg
oliceridine regimens, respectively, vs. morphine). How-
ever, the cumulative duration of events was not statis-
tically different for placebo or any oliceridine regimen
vs. morphine (P > 0.75 vs. morphine). Among the
clinically observed respiratory safety events reported,
the proportion of patients receiving supplemental oxy-
gen therapy or experiencing a dosing interruption due to
respiratory safety showed a dose-dependent increase
across oliceridine demand dose regimens, all numeri-
cally lower than that seen with morphine (Figure 5). The

odds ratio (vs. morphine) for the proportion of patients
receiving supplemental oxygen therapy was 0.18
(P =0.0005), 0.54 (P=0.11), and 0.65 (P =0.25)
with oliceridine 0.1-mg, 0.35-mg, and 0.5-mg regimens,
respectively. Likewise, the odds ratio (vs. morphine) for
proportion of patients with dosing interruption was
0.15, 0.57, and 0.64 with oliceridine 0.1-mg
(P =0.0002), 0.35-mg (P=0.13), and 0.5-mg
(P = 0.23) regimens, respectively.

Other Secondary Efficacy Endpoints

Since the secondary statistical gating assessment for the
key secondary endpoint of RSB did not reach statistical
significance, no formal noninferiority analyses were
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Figure 3. A, Primary treatment response analysis of oliceridine compared with placebo (treatment responders at 24 hours). B,
Treatment responders over the full treatment period. This primary endpoint analysis compared the percentage of treatment responders
in each oliceridine regimen with the percentage of responders in the placebo regimen at 24 hours post loading dose. Responders were
those who reached a >30% improvement in time-weighted sum of pain intensity difference (SPID-24) from baseline, whilst (1) not
received rescue pain medication, (2) not discontinuing study medication early, and (3) without reaching dosing limits. *P < 0.05 vs.

placebo (Hochberg adjusted). Cl, confidence interval.

conducted between oliceridine and morphine responder
rates. However, exploratory analyses (not corrected for
multiplicity) indicated that the oliceridine 0.35- and 0.5-
mg demand dose regimens were noninferior to mor-
phine, while the 0.1-mg demand dose regimen did not
meet the prespecified noninferiority margin compared to
morphine.

The magnitude of pain relief seen with oliceridine
0.35- and 0.5-mg demand dose regimens was compara-
ble to that observed in morphine-treated patients,
including a similar proportion of treatment responders
over the full treatment period (Figure 3B). In addition,
fewer patients discontinued oliceridine or morphine
treatment due to lack of efficacy (see Figure 1) or

required rescue analgesia compared to patients allocated
to placebo (see Figure 2A).

Using the 2-stopwatch method, the median time to
self-reported “perceptible pain relief” was shorter
(6 minutes) for all oliceridine demand dose regimens,
compared with placebo (12 minutes, P < 0.0005). The
median time to first perceptible pain relief was also
6 minutes for the morphine regimen. Likewise, median
time to first “meaningful pain relief” was also shorter
for all oliceridine regimens (1.4, 0.7, and 1.0 hours for
the oliceridine 0.1-, 0.35-, and 0.5-mg demand dose
regimens, respectively) compared to placebo (4.9 hours;
P < 0.05; see Figure 2B). As observed with oliceridine
regimens, the median time to first “meaningful pain
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Table 3. Components of the Respiratory Safety Burden and Respiratory Safety Event (RSE) Measures

Oliceridine Demand Dose Regimen

Placebo Morphine Regimen
Patients, n (%) unless stated (n =83) 0.1 mg (n = 77) 0.35 mg (n = 79) 0.5 mg (n = 80) 1 mg (n =82)
Components of the respiratory safety burden
Proportion patients with at least 1 RSE 5 (6.0) 6 (7.8) 17 (21.5) 18 (22.5) 22 (26.8)
0dds ratio vs. placebo — 1.2 (P = 0.76) 3.96 (P = 0.0087)  4.42 (P =0.0045)  6.49 (P = 0.0003)
0dds ratio vs. morphine 0.15(P=0.0003)  0.19 (P =0.0007)  0.61 (P = 0.20) 0.68 (P = 0.32) —
Duration of event, mean hours (SD) 9.88 (7.0) 5.51 (1.91) 6.88 (5.66) 7.07 (6.56) 6.40 (5.09)
P value” — 0.25 0.45 0.66 0.52
Pvalue’ 0.52 0.29 078 0.76 —
Respiratory safety event measures
Oxygen saturation < 90% 7 (8.4) 6 (7.8) 15 (19) 16 (20) 20 (24.4)
Pvalue” — 0.86 0.06 0.04 0.02
P value’ 0.02 0.01 0.57 0.76 —
Respiratory rate < 8 breaths/min 1(1.2) 0 4 (5.1) 6 (7.5) 8(9.8)
Pvalue® — 0.96 0.18 0.07 0.054
P value' 0.054 0.95 0.38 0.84 —
Sedation (Moline Roberts scale > 3) 15 (18.1) 8(10.4) 19 (24.1) 18 (22.5) 21 (25.6)
Pvalue® — 0.17 0.35 0.49 0.25
P value® 0.25 0.02 0.83 0.65 —
*P value comparison vs. placebo.
P value comparison vs. morphine.
SD, standard deviation.
2.5+ relief” was shorter for the morphine regimen compared
N with the placebo (1.2 hours, P = 0.0077). Overall, for
c . . N .
8 both the “perceptible pain relief” as well as “meaningful
2.0 . . .. .
_§ —‘7 pain relief,” there was no statistical difference among
> the active treatment groups. (Pain assessed by SPID
S8 1.5 scores and NRS scores is shown in Figure S1)
g% The proportion of early responders over the first hour
85 of treatment was greater in the oliceridine groups and
© O 1.0 * .
£ < most apparent in the 0.35- and 0.5-mg demand dose
@ regimens at 10 to 15 minutes than for morphine (Fig-
- . . . . .
< T ure 6A). During this time, supplemental study medication
2 doses were prohibited, and rescue medication was
discouraged. The time to a 1-point change in NRS score

Placebo 0.1 0.35 0.5 Morphine

Oliceridine (mg) 1mg

Figure 4. The key prespecified secondary endpoint of cumulative
respiratory safety burden. During the randomized treatment
period, patients were monitored on a protocol-defined schedule
by either a certified registered nurse anesthetist or an anesthe-
siologist, blinded to study medication assignment. The monitor-
ing professional intervened when clinically indicated and
determined the onset and resolution of each respiratory safety
event. Respiratory safety burden was defined as the expected
cumulative duration of respiratory safety events in a particular
treatment group and was calculated as the mathematical product
of the prevalence of respiratory safety events and the mean
conditional duration (ie, mean duration in affected patients) of
such events (see Table 3). *P < 0.05 compared to morphine
(unadjusted). Mean respiratory safety burden from the model-
based estimate was 7, 5, 19, 25, and 32 minutes for the placebo,
oliceridine 0.1, 0.35, and 0.5 mg, and morphine groups, respec-
tively. SD, standard deviation.

from baseline also appeared to be shorter, particularly for
the 0.35-mg demand dose regimen (Figure 6B). The
percentage of clinicians who reported being “mostly or
completely satisfied” with study medication results was
greater with oliceridine 0.35- and 0.5-mg regimens
compared to placebo, and the percentage of patients
who reported being “mostly or completely satisfied” with
study medication benefits was greater with all oliceridine
regimens compared to placebo (Figure S2).

Safety and Tolerability

Overall Safety and Tolerability. No deaths were
reported in the trial. Serious adverse events (SAEs) were
reported in 5 patients (4 patients in the oliceridine
treatment regimens and 1 patient in the morphine
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Figure 5. Clinical interventions. A, The proportion of patients in each regimen who experienced any dosing interruption of study
medication during the study is presented. Exploratory analyses showed that the odds ratio of an interruption compared to morphine
was 0.09 (P < 0.0001) for placebo, 0.15 (P = 0.0002) for oliceridine 0.1 mg, 0.57 (P = 0.13) for oliceridine 0.35 mg, and 0.64 (P = 0.23) for
oliceridine 0.5 mg regimens. B, The proportion of patients in each regimen who required supplemental oxygen therapy is presented.
Exploratory analyses showed that the odds ratio of an interruption compared to morphine was 0.15 (P = 0.0002) for placebo, 0.18
(P = 0.0005) for oliceridine 0.1 mg, 0.54 (P = 0.11) for oliceridine 0.35 mg, and 0.65 (P = 0.25) for oliceridine 0.5 mg regimens.

*P < 0.05 odds ratio vs. morphine.

treatment regimen). Among the SAEs with oliceridine,
post-procedural hemorrhage, syncope, and lethargy
were reported with the 0.5-mg regimen, and abdominal
wall hematoma with the 0.35-mg regimen. Except for
the syncope and lethargy, none of the other SAEs were
considered related to oliceridine. Pulmonary embolism
and respiratory failure (both in the same patient) were
the SAEs reported with the morphine regimen and
considered not related to treatment. All SAEs resolved
without further sequelae.

Treatment-emergent AEs are shown in Table 4. The
overall proportion of patients experiencing at least 1 AE
was lowest with placebo (78.3%) and increased in a
dose regimen—dependent manner across the oliceridine
0.1-, 0.35-, and 0.5-mg demand dose regimens (89.6%,
93.7%, and 95%, respectively). The proportion of
patients experiencing at least 1 AE with morphine was
97.6%. The majority of the AEs were reported by the
treating clinician as mild to moderate in intensity. The
incidence of patients experiencing AEs leading to early
study medication discontinuation was low: 8 (3.4%)
oliceridine-treated patients (4 each in the 0.35-mg and
0.5-mg regimens and 2 [2.4% ] with morphine) and none
with placebo. The most common AEs were nausea
(placebo: 45.8%; oliceridine 0.1 mg: 44.2%; oliceridine
0.35 mg: 62.0%; oliceridine 0.5 mg: 75.0%; morphine:
74.4%); vomiting (placebo: 13.3%; oliceridine 0.1 mg:
23.4%; oliceridine 0.35 mg: 21.5%; oliceridine 0.5 mg:

42.5%; morphine: 53.7%); headache (placebo: 28.9%;
oliceridine 0.1 mg: 15.6%; oliceridine 0.35 mg: 29.1%;
oliceridine 0.5 mg: 26.3%; morphine: 29.3%); and
hypoxia (placebo: 4.8%; oliceridine 0.1 mg: 7.8%;
oliceridine 0.35 mg: 20.3%; oliceridine 0.5 mg:
17.5%; morphine: 23.2%).

There were no clinically meaningful differences
between treatment regimens in vital sign measurements,
ECG findings (including any abnormalities in the length
of the QRS or QT interval at any predefined assessment
points at 1 and 24 hours), hematology, or clinical
chemistry parameters, with the exception of elevations
from baseline in alanine aminotransferase and aspartate
aminotransferase with oliceridine 0.1-mg (n = 3), 0.35-
mg (7 = 3), and 0.5-mg (# = 1) demand dose regimens
and in 2 patients allocated to morphine. All the patients
received sevoflurane and propofol anesthesia and at least
1 concomitant medication (acetaminophen/paracetamol
and/or ondansetron) that may have contributed to these
abnormalities. All elevations were transient and had
returned or were returning to normal during follow-up.

Gastrointestinal Safety/Tolerability. The proportion
of patients experiencing gastrointestinal AEs, defined
using MedDRA-coded preferred terms, increased with
higher oliceridine demand dose regimens (0.1 mg:
49.4%; 0.35 mg: 65.8%; 0.5 mg: 78.8%) compared
to placebo (47.0%). The incidences were generally
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Figure 6. (A) The proportion of responders over the first
60 minutes of treatment and (B) time to 1-point improvement
in NRS score. A, Treatment response during this period can largely
be attributed to study drug (loading dose at Time 0 and demand
doses starting at 10 minutes) since supplemental study medica-
tion doses were prohibited and rescue pain medication was
discouraged during this time. *P < 0.05 compared to morphine.
B, NRS pain scores were reported at baseline (up to 10 minutes
before loading dose [Time 0]); at 5, 10, 15, 30, and 45 minutes;
and at 1,2, 3,4,5,6,7,8,9, 10, 11, 12, 18, and 24 hours post-
loading dose. *P < 0.05 vs. morphine. Cl, confidence interval;
NRS, numeric rating scale.

lower in patients receiving an oliceridine demand dose
of 0.35 mg or lower than in those receiving morphine.
With the higher dose of 0.5 mg, the incidences were
similar to those observed with morphine (see Table 4).
Furthermore, numerically lower proportions of olicer-
idine-treated patients received rescue antiemetic medi-
cations (0.1 mg: 32.5%; 0.35 mg: 55.0%; 0.5 mg:
61.3%), than morphine (65.1%) (Figure 7).

DISCUSSION

In the APOLLO-2 study, all oliceridine dosing regimens
provided statistically superior analgesia to placebo, with

a higher proportion of treatment responders in the 0.35-
and 0.5-mg demand dose regimens over the 24-hour
treatment period in subjects with moderate to severe
pain following abdominoplasty. In addition, across the
various secondary efficacy endpoints, including the
proportion of treatment responders over time, the
magnitude and time to self-reported pain relief, the
percentage of patients receiving rescue pain medication
over time, and the time to first use of rescue pain
medication, as well as clinician and patient-reported
satisfaction, oliceridine 0.35- and 0.5-mg demand dose
regimens were consistently superior to placebo. In
comparison to morphine, only the 2 higher dose
regimens of 0.35 and 0.5 mg oliceridine were considered
equi-analgesic; thus, safety and tolerability comparisons
with morphine are relevant for only these 2 groups. In
exploratory analyses using the gatekeeping statistical
approach (described previously in the Methods section),
oliceridine (0.35-mg regimen) showed a favorable safety
and tolerability profile regarding respiratory and gas-
trointestinal adverse effects compared to morphine. The
safety/tolerability profile of the 0.5-mg dose regimen, in
general, was similar to that of the morphine regimen.
Although these exploratory findings merit further inves-
tigation, they support the findings reported previously
from a single-center study, in which patients receiving
similar demand dose regimens had significantly greater
reductions in pain and experienced rapid analgesia
compared to placebo, with an acceptable safety/tolera-
bility profile compared to morphine.*?

Findings from the APOLLO-2 study showed a rapid
onset of effect with all oliceridine regimens compared to
placebo at early time points, particularly at 10 and
15 minutes. The rapid onset of analgesia with olicer-
idine was also demonstrated by the 2-stopwatch assess-
ments of perceptible and meaningful pain relief, and the
time to a 1-point change in NRS score (Figures 2B and
6B). The odds of achieving responder status were higher
for the 0.35- and 0.5-mg oliceridine treatment regimens
compared with placebo at all time intervals through the
entire 24-hour randomized treatment period. Moreover,
the proportion of patients using rescue pain medication
any time post-treatment was lower for the 0.1-, 0.35-,
and 0.5-mg oliceridine treatment regimens (26.0%,
13.8%, and 12.5%, respectively) compared with the
placebo regimen (43.2%), and the time to first use of
rescue pain medication was longer for the oliceridine
treatment regimens compared with placebo. Taken
together, all these observations support a greater mag-
nitude of analgesic effect with all oliceridine dose
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Table 4. Summary of Treatment-Emergent Adverse Events (AE)"

Oliceridine Demand Dose Regimen

Placebo Morphine Regimen
(n = 83) 0.1 mg (n = 77) 0.35 mg (n = 79) 0.5 mg (n = 80) 1 mg (n = 82)
Total number of AEs 208 238 296 300 388
Patients with > 1 AE, n (%) 65 (78.3) 69 (89.6) 74 (93.7) 76 (95.0) 80 (97.6)
Patients with > 1 serious AE, n (%) 0 0 1(1.3) 3(3.8) 1(1.2)
Patients with AE by intensity, n (%)
Mild 29 (34.9) 22 (28.6) 21 (26.6) 21(26.3) 18 (22.0)
Moderate 32 (38.6) 42 (54.5) 47 (59.5) 48 (60.0) 58 (70.7)
Severe 4 (4.8) 5 (6.5) 6 (7.6) 7 (8.8) 4(4.9)
Patients discontinued due to AE, n (%) 0 0 4 (5.1) 4 (5.0) 2(2.4)
Most common AE, n (% of patients)’
Nausea 38 (45.8) 34 (44.2) 49 (62.0) 60 (75.0) 61 (74.4)
Vomiting 11 (13.3) 18 (23.4) 17 (21.5) 34 (42.5) 44 (53.7)
Somnolence or sedation 8(9.6) 7 (9.1) 11 (13.9) 11 (13.8) 25 (30.5)
Headache 24 (28.9) 12 (15.6) 23 (29.1) 21(26.3) 24 (29.3)
Pruritus or generalized pruritus 5 (6.0) 11 (14.3) 14 (17.7) 14 (17.5) 19 (23.2)
Hypoxia 4 (4.8) 6 (7.8) 16 (20.3) 14 (17.5) 19 (23.2)
Dizziness 9 (10.8) 11 (14.3) 7 (8.9) 7 (8.8) 13 (15.9)
Constipation 6(7.2) 12 (15.6) 13 (16.5) 9(11.3) 9 (11.0)
Back pain 5 (6.0) 3(3.9) 10 (12.7) 9(11.3) 7 (8.5)

*Occurring during the treatment or follow-up period (until 7 days after the last dose of study medication).

TOccurring in >10% of patients in any treatment group.
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Figure 7. Rescue antiemetic use. This analysis examined post-
treatment rescue antiemetic use. Patients could receive rescue
antiemetic medication if they were actively vomiting, or if they
requested an antiemetic and reported moderate to severe nausea
on a 4-point scale (none, mild, moderate, severe). Prophylactic
antiemetics were not permitted perioperatively or during the
randomized treatment period. *P < 0.05 for odds ratio for rescue
antiemetic use vs. morphine.

regimens compared to placebo. It is noteworthy that as
observed in a previously conducted phase III study
(APOLLO-1), evaluating oliceridine for the manage-
ment of moderate to severe acute pain following
bunionectomy,*! in an exploratory analysis the higher
demand dose regimens of 0.35 mg or 0.5 mg provided

an analgesic effect comparable to that of morphine.
Furthermore, both APOLLO-1°" and APOLLO-2 stud-
ies demonstrated a comparable level of analgesia
between the 0.35- and 0.5-mg dosing regimens.

In this study, the overall reported incidence of AEs
ranged from 89.6% to 95.0% in the oliceridine treat-
ment regimens, 97.6% in the morphine group, and
78.3% for placebo. Most AEs in the study were mild to
moderate in intensity across all treatment regimens, with
no clinically meaningful differences between treatments
in vital signs or ECG findings (including the length of the
QT interval) at any of the predefined assessment time
points. Likewise, the incidence of severe AEs and AEs
leading to early study medication discontinuation was
also low in the study.

Nausea and vomiting are often cited by patients as
%3223% and  opioid-
induced nausea and vomiting are among the most
frequent ORAEs. Previous clinical trials have shown
evidence of significantly less frequent or less severe
nausea and vomiting with oliceridine than with mor-
phine.?%*%*% In APOLLO-2 there were fewer patients
treated with oliceridine who experienced nausea and
vomiting (in a dose-dependent manner, with a more
notable difference seen with the 0.35-mg demand dose
regimen compared to morphine). In the placebo group,
nausea and vomiting were reported in as high as
45.8% and 13.3% of patients, respectively, possibly
reflecting a higher baseline Apfel score in the majority
of patients.

key concerns following surgery,
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Opioid-induced respiratory depression (OIRD) is
perhaps the most serious of ORAEs, with potentially
fatal consequences.®'%° Episodes of respiratory
depression can increase the length of hospital stay and
further increase treatment costs. Particularly serious
episodes can progress to cardiopulmonary or respiratory
arrest.'” In an earlier phase Ib study, oliceridine was
associated with a reduced suppression of respiratory
drive at equi-analgesic doses to morphine using the
ventilatory response to hypercapnia experimental
model.'” This was further supported by findings from
a phase II trial of oliceridine, for acute postsurgical pain
following abdominoplasty, in which there was a signif-
icantly reduced incidence of respiratory safety events,
including reduced respiratory rate, respiratory effort, or
hypoxia compared to morphine.”* Although there are
no validated or well-characterized methods to assess
OIRD in clinical trials, due to the novel mechanism of
action, it was of interest to thoroughly evaluate the
potential for improved respiratory safety with olicer-
idine in the APOLLO-2 study. The RSB composite
endpoint was developed in an attempt to provide a
comprehensive overview or “global index” of respira-
tory safety by incorporating both the incidence of
respiratory safety events and their duration.

As per protocol, respiratory function was frequently
monitored by experienced and trained medical profes-
sionals who were blinded to study medication. The RSB
was expressed as the mathematical product of the
prevalence of respiratory events and their duration,
intentionally multifactorial to help identify clinically
relevant indicators of respiratory distress. Of note, the
enrolled population in APOLLO-2 was not enriched for
at-risk patients (such as those with sleep apnea or
obesity).?*** The reduction in RSB in APOLLO-2 with
oliceridine compared to morphine was consistent with
previously reported findings'®*%; however, the differ-
ences between treatments using this new composite
outcome measure did not reach statistical significance.
There may be several contributing factors to this
outcome. Overall there was a lower than expected rate
of observed respiratory safety events in this trial com-
pared to earlier work.?* Power calculations and sample
size estimations for APOLLO-2 were based on the
prevalence of underlying respiratory safety events
observed in the phase 2 abdominoplasty trial, which
was higher than what was observed in this phase III
study.”® Thus, underpowering may partially explain the
lack of statistical significance. The more intensive per-
protocol patient monitoring, compared to prior studies,

may also have contributed to this lower overall event
rate. In an exploratory analysis, although the proportion
of patients experiencing a respiratory safety event was
numerically lower in all the oliceridine treatment regi-
mens compared to morphine, the cumulative duration of
the respiratory safety events was similar or numerically
higher with oliceridine compared to morphine treatment
regimens, though not statistically significant. Since only
the 0.35- and 0.5-mg demand dose regimens are consid-
ered equi-analgesic, comparisons, only of these 2 doses
were made with morphine, and there was a lack of
statistical significance for the numerical differences in
favor of oliceridine for the respiratory safety events or
RSB. Another aspect of evaluating respiratory safety is
the use of clinical interventions such as dosing interrup-
tions and/or the requirement for supplemental oxygen.
When looking at individual events in APOLLO-2,
consistent with the observed reduction in respiratory
safety events in the olicerdine treatment regimens, the
proportion of patients requiring supplemental oxygen or
with a dosing interruption was numerically lower with
the oliceridine regimens than with morphine, although
this was not statistically significant for either of the 0.35-
and 0.5-mg oliceridine demand dose regimens compared
to morphine. Taking all of the results into consideration,
the safety profile of the 0.35-mg oliceridine demand dose
regimen was particularly notable, considering this regi-
men provided analgesic efficacy similar to both the 0.5-
mg oliceridine regimen and that observed with morphine.

The safety and tolerability findings for oliceridine in
APOLLO-2 were comparable to those in previous
oliceridine nonclinical studies and clinical trials of acute
postsurgical pain in hard and soft tissues.'”*%%331
Across different study populations, dosing regimens,
and using a variety of measures of respiratory safety
endpoints, findings from oliceridine trials to date con-
sistently suggest a potentially improved respiratory
safety profile and reduced incidence of nausea and
vomiting with oliceridine than with morphine at com-
parable levels of analgesia. Nevertheless, these safety
findings merit further investigation.

From a clinical perspective, abdominoplasty is asso-
ciated with moderate to severe postoperative acute pain
warranting use of IV opioids. However, ORAEs remain
a practical concern, particularly in higher risk popula-
tions.”**35 Finding the lowest effective dose of an
opioid that provides rapid analgesia, while minimizing
AEs, is an important goal in multimodal analgesia
regimens.*® Oliceridine is a novel p-opioid receptor
ligand that is a full agonist for G protein activation at the
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p-opioid receptor but with markedly reduced B-arrestin
recruitment compared with conventional opioids.'®*!
This selective mechanism is predicted to correspond to a
lower incidence (but not elimination) of several ORAEs.
Preclinical and early clinical evidence, including in a
previous phase IIb study of patients with moderate to
severe pain following abdominoplasty, has shown that
oliceridine is at least as efficacious as morphine but with
a lower incidence of gastrointestinal and respiratory AEs
at comparable analgesic doses, thus providing a wider
therapeutic window.'®'?*%>%3 The APOLLO-2 study
was designed to support these findings in patients with
moderate to severe pain following abdominoplasty, an
established soft tissue model of acute postoperative
pain. To reflect clinical practice, this study employed
PRN, on-demand dosing delivered via PCA with a range
of exposures within each treatment regimen, supporting
the premise that analgesic demand and dosing can be
variable depending on the clinical situation. The pri-
mary efficacy endpoint using a responder analysis
included important clinical elements of both efficacy
and tolerability, since one should not occur at the
expense of the other when trying to achieve optimal
patient comfort. In APOLLO-2, a responder was defined
as a patient who experienced a >30% reduction in time-
weighted average pain score; did not receive rescue
analgesics; did not discontinue study medication; and
did not reach predefined dosing limits. Inclusion of not
receiving rescue analgesia in the criteria is particularly
important, and a clear indicator of analgesic sufficiency
from the patients’ perspective, since they are self-
titrating to a level of comfort. This responder assessment
complements the efficacy measures provided by a
change in NRS score, which only measures intensity or
magnitude of analgesic effect. When seeking the lowest
necessary dose of opioids, analgesic outcomes that
incorporate measures of analgesic sufficiency and toler-
ability are important considerations in determining
overall clinical effectiveness.?”

In this study, a standard dose of morphine (the active
control) was compared to 3 experimental oliceridine
treatment regimens to provide a comparative context for
understanding the benefit/risk profile of oliceridine in
this post-surgical setting. The exploratory analysis on
responder rates did not show significant differences
between the oliceridine higher dose regimens and mor-
phine, and overall data from APOLLO-2 suggest that IV
oliceridine can offer equi-analgesic efficacy compared to
morphine with the 0.35- and 0.5-mg dose regimens. The
optimal or lowest effective dose of oliceridine may differ

when used as part of multimodal analgesic regimens, or
in different clinical situations. Higher doses may be
needed in cases of intense pain. In the setting of the
APOLLO-2 trial, the 0.35-mg oliceridine demand dose
regimen appeared to provide a balance of sufficient
analgesia and tolerability, with efficacy comparable to
morphine but with a reduced incidence of ORAEs.
Nevertheless, based on the primary objectives of the
study comparing to placebo, all 3 oliceridine demand
dose regimens provided superior efficacy. With a need in
clinical practice for alternative therapies to conventional
opioids, these findings are encouraging.

There are some limitations of the study. The study
used a surgical model with a low representation among
men, limiting the generalizability of the findings across
genders. However, other clinical trials of oliceridine
inclusive of both genders have been conducted and will
help to address this issue. It is important to note that
while oliceridine was studied across a therapeutically
active dose range, only a single dosage strength of
morphine was included in the study design. While this
permits validation of the assay sensitivity of the study
design to detect clinically apparent analgesic effects, it
limits conclusions that can be drawn regarding the
comparative efficacy of oliceridine and morphine. This
is most apparent with the 0.1-mg demand dose, which
appears clinically analgesic; however, its effectiveness
was slightly lower than what was observed for the 0.35-,
0.5-mg, and morphine demand dose regimens. Never-
theless, the data are consistent with prior work and
suggest that the development of a biased agonist holds
considerable therapeutic promise for improving opiate
tolerability. While the novel endpoint for measuring
respiratory safety fell short of achieving statistical
significance, the findings provide clinically important
information and will inform future study design and
choice of respiratory endpoints. Indeed, opioid-induced
respiratory disorders are serious AEs that may result in
fatal outcomes and need vigilance, especially within the
first 24 hours post-surgery. Thus, further studies to
evaluate this endpoint are warranted.

CONCLUSIONS

Findings from the APOLLO-2 trial demonstrate the
efficacy and safety of PRN oliceridine for the manage-
ment of moderate to severe pain following abdomino-
plasty, an established postsurgical model of acute pain.
Efficacy, safety, and tolerability data provide important
context for evaluating the benefit/risk profile of IV
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oliceridine as compared to morphine. The results from
APOLLO-2 combined with those of previous studies
further support the finding that oliceridine may be
associated with a lower incidence of AEs at dosing
regimens associated with comparable analgesia. Clini-
cians are seeking treatment alternatives for patients with
moderate to severe acute pain. These data suggest that
oliceridine may provide an important new treatment
option for the management of moderate to severe
postoperative pain where an IV opioid is warranted.
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