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ABSTRACT

Introduction: Use of parenteral opioids is a
major risk factor for postoperative nausea and
vomiting. Conventional opioids bind to l-opioid

receptors (MOR), stimulate both the G-protein
signaling (achieving analgesia); and the b-arrestin
pathway (associated with opioid-related adverse
effects). Oliceridine, a next-generation IV opioid,
is a G-protein selective MOR agonist, with limited
recruitment of b-arrestin. In two randomized,
placebo- and morphine-controlled phase 3 stud-
ies of patients with moderate-to-severe acute pain
following bunionectomy or abdominoplasty, oli-
ceridine at demand doses of 0.1, 0.35, and 0.5 mg
provided rapid and sustained analgesia vs. pla-
cebo with favorable gastrointestinal (GI) tolera-
bility. In this exploratory analysis, we utilized a
clinical endpoint assessing gastrointestinal toler-
ability, ‘‘complete GI response’’ defined as the
proportion of patients with no vomiting and no
use of rescue antiemetic to characterize the GI
tolerability profile of oliceridine vs. morphine.
Methods: A logistic regression model was utilized
to compare oliceridine (pooled regimens) vs.
morphine, after controlling for analgesia (using
the sum of pain intensity difference [SPID]-48/24
[bunionectomy/abdominoplasty] with pre-rescue
scores carried forward for 6 h). This analysis
excluded patients receiving placebo and was per-
formed for each study separately and for pooled
data from both studies.
Results: In theunadjustedanalysis, a significantly
greater proportion of patients in the placebo
(76.4%), oliceridine 0.1 mg (68.0%), and 0.35 mg
(46.2%) demand dose achieved complete GI
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response vs. morphine 1 mg (30.8%), p B 0.005. In
the adjusted analysis, after controlling for analge-
sia, the odds ratio of experiencing a complete GI
response with oliceridine (pooled regimens) vs.
morphine was 3.14 (95% CI: 1.78, 5.56;
p\0.0001) in bunionectomy study and 1.92 (95%
CI: 1.09, 3.36; p = 0.024) in abdominoplasty study.
Conclusions: When controlled for the anal-
gesic effects (constant SPID-48/24), the odds
ratio for complete GI response was higher with
oliceridine than morphine, suggesting better GI
tolerability with oliceridine.

Keywords: Opioid analgesic; Opioid-induced
adverse events; Postoperative; Vomiting

Key Summary Points

Why carry out this study?

Postoperative nausea and vomiting
(PONV) are frequent complications
following surgery and use of conventional
opioids increases risk of PONV.

Oliceridine, a new class of IV opioid, is a G
protein-selective agonist at the l-opioid
receptor. This selectivity results in potent
analgesia with substantially reduced
recruitment of b-arrestin, a signaling
pathway associated with opioid-related
adverse events.

In two randomized, placebo- and active-
controlled phase 3 studies, we have
previously reported that oliceridine
administered via PCA provided effective
analgesia with improvements in
gastrointestinal (GI) tolerability profile
compared to morphine.

To further characterize the GI tolerability
profile of oliceridine vs. morphine after
controlling for analgesia, we performed an
exploratory analysis that utilized a
composite endpoint, ‘‘complete GI
response’’ defined as the proportion of
patients with no vomiting and no use of
rescue antiemetic. This analysis was
conducted for the individual studies and
the pooled data from both studies.

What was learned from the study?

In the unadjusted analysis, oliceridine had
a favorable advantage compared to
morphine related to the safety endpoint
of ‘‘complete GI response’’.

The findings persisted when adjusted for
the level of analgesia, with the odds of
achieving complete GI response being 2–3
times higher with oliceridine than with
morphine.

DIGITAL FEATURES

This article is published with digital features,
including a summary slide and video, to facili-
tate understanding of the article. To view digital
features for this article go to https://doi.org/10.
6084/m9.figshare.13150850.

INTRODUCTION

Postoperative nausea and vomiting (PONV) are
frequent complications following surgery, with
a reported 30% incidence among all post-sur-
gical patients and up to 80% incidence among
high-risk patients [1]. Some well-known risk
factors for increased PONV are female gender,
age\50 years, non-smoking status or a history
of PONV, or motion sickness [1, 2]. The clinical
and economic consequences of PONV are sig-
nificant, with adverse consequences ranging
from a decreased sense of well-being and dehy-
dration to extreme consequences such as elec-
trolyte imbalances, pulmonary aspiration, or
wound dehiscence, resulting in delayed recov-
ery, unexpected hospital admission, and
delayed return to work [3–5]. These conse-
quences are associated with increased health-
care costs resulting from extended recovery
room stays and delay to discharge [3, 6].

There are several established clinical factors
that are known to be associated with increased
risk of PONV [1, 4]. In addition to the patient-
related factors identified for high risk as stated
above, conditions such as abdominal
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pathology, pregnancy, increased intracranial
tension, or full stomach have also been reported
to increase the risk of PONV. Procedures such as
laparoscopies, gynecological and longer-dura-
tion surgeries are also known to be associated
with an increased incidence of PONV. Likewise,
the use of general anesthesia and postoperative
use of opioids are known to increase the inci-
dence [1, 4] of this complication. Predictive
scoring systems, which include several of these
factors, have been developed to identify
patients at risk for PONV. For example, the
Apfel score has been used widely as a validated
scoring system [7].

Conventional opioids, regardless of admin-
istration route, are well known to increase the
risk for PONV in a dose-dependent manner
[4, 8]. Although the precise mechanism under-
lying opioid-induced nausea and vomiting is
incompletely understood, multiple mechanisms
are likely involved [9]. A predominant mecha-
nism involves opioid-induced activation of the
l-opioid receptor (MOR) in the chemoreceptor
trigger zone, as well as the activation of the
opioid receptors l-, j-, and d-subtype in the
gastrointestinal (GI) tract, resulting in reduced
peristalsis and delayed gastric emptying [9, 10].
At the cellular level, conventional opioid ago-
nists bind to MOR and stimulate G protein post-
receptor signaling leading to analgesia, and
activation of the b-arrestin pathway leading to
unwanted effects including respiratory and GI
related effects [11]. In preclinical studies, b-ar-
restin-2 knockout mice receiving morphine
have demonstrated enhanced analgesic effects
with less respiratory depression and GI dys-
function compared with morphine-treated
wild-type animals [12, 13]. Therefore, opioids
that selectively confer preferential activation
through the G protein signaling pathway over
the b-arrestin pathway, or that provide func-
tional selectivity of the G protein signaling
pathway offer the potential for full analgesic
effects while reducing the risk of adverse events
[14, 15]. Oliceridine, a next-generation intra-
venous (IV) opioid recently approved for clini-
cal use, is a G-protein selective agonist at the
MOR, with limited recruitment of b-arrestin
[16, 17].

In two randomized, double-blind, placebo-
and morphine-controlled phase 3 pivotal stud-
ies in patients with moderate-to-severe acute
pain following either orthopedic surgery—
bunionectomy (Apollo-1), or plastic surgery—
abdominoplasty (Apollo-2), oliceridine at
demand doses of 0.1, 0.35, and 0.5 mg provided
rapid and effective analgesia compared to pla-
cebo with a favorable safety profile [18, 19]. In
both trials, patients enrolled had Apfel risk
scores C 3 prior to randomization, indicating
they were at increased risk for the development
of PONV. Neither protocol permitted the use of
prophylactic antiemetics in order to provide a
clearer determination of the gastrointestinal
(GI) tolerability profile of the treatments in the
studies. Across the two studies, the incidence of
nausea was lower with oliceridine 0.1 mg (40%)
and 0.35 mg (59%) demand doses than among
patients treated with morphine 1 mg (70%),
with a significantly lower relative risk of 43%
observed with the 0.1 mg demand dose
(p\ 0.001). The incidence of vomiting across all
the three demand doses of oliceridine, 0.1 mg
(20%), 0.35 mg (30%), and 0.5 mg (42%), was
lower than those reported with morphine 1 mg
(52%); with a 41–61% significantly lower rela-
tive risk observed with the 0.1 mg and 0.5 mg
demand dose (p\ 0.001) [20].

Although postoperative vomiting often
accompanies postoperative nausea, physiologi-
cally, nausea, and vomiting are related, but
distinct, physiological phenomena [21]. Nau-
sea, by definition, is a subjective unpleasant
sensation and poses an inherent limitation in
measurement due to its subjectivity [22]. In
contrast, vomiting is a demonstrable event,
namely the forceful expulsion of stomach con-
tents, where the intensity can be measured as
the number of vomiting episodes [23]. From a
patient and healthcare well-being perspective,
nausea may decrease a patient’s sense of well-
being and increase anxiety; however, postoper-
ative nausea alone poses limited health risks [5].
In contrast, postoperative vomiting can poten-
tially result in significant health risks, including
dehydration, electrolyte imbalances, and, in
extreme cases, esophageal damage or aspiration
[5, 24]. Moreover, the cost associated with the
treatment of a vomiting episode is significantly
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higher than that associated with nausea alone
[24].

Based on these considerations, a conven-
tional outcome in clinical trials of antiemetic
medications or interventions for chemother-
apy-induced vomiting has been identifying the
proportion of patients who did not experience
an episode of vomiting during treatment and
who did not require the use of rescue
antiemetics, referred to as ‘‘complete respon-
ders’’ [25–28]. In the data reported here, we use
the endpoint of ‘‘complete GI response’’ to
characterize the GI tolerability of the treatments
studied in these two pivotal trials. This end-
point was evaluated for each treatment arm in
both the phase 3 clinical trials. In addition, we
also evaluated the complete GI response end-
point under equianalgesic conditions, where
the analgesic effect was maintained at a con-
stant level.

METHODS

As described in the previous publications of the
pivotal trials, both studies were conducted in
compliance with the protocol and regulatory
requirements consistent with the International
Council on Harmonization Good Clinical Prac-
tice Guidelines and the ethical principles of
Declaration of Helsinki [18, 19]. A centralized
institutional review board approved the trial
protocols, and all patients provided written
informed consent before any study procedures
were performed.

Although similar in design, there were dif-
ferences in the use of anesthetics (regional
anesthesia with popliteal sciatic nerve block in
the bunionectomy study and general anesthesia
with the use of fentanyl and propofol in the
abdominoplasty study), time from surgery to
the first dose of study medication, different
temporal courses of pain after discontinuation
of anesthesia (within 9 h after discontinuation
of regional anesthesia in the bunionectomy
study, and within 4 h after surgery and at least
20 min after the last dose of fentanyl in the
abdominoplasty study), different qualifying
numerical rating scale (NRS) pain intensity
scores, and the duration of the randomized

treatment period (48 h for the bunionectomy
study and 24 h for the abdominoplasty study)
[18, 19] (Supplemental Fig. 1).

In both studies, patients aged 18–75 years,
with a body mass index (BMI) B 35 kg/m2 and
body weight C 40 kg, who underwent primary
surgery of either bunionectomy (orthopedic
surgery) or abdominoplasty (plastic surgery),
and experienced moderate-to-severe pain as
measured by the NRS [NRS C 4 for the
bunionectomy study and NRS C 5 for the
abdominoplasty study] were enrolled. Patients
were randomized to receive intravenous (IV)
demand dose regimens of a placebo, oliceridine
0.1 mg, oliceridine 0.35 mg, oliceridine 0.5 mg,
or morphine 1 mg. For each regimen, a clinician
administered a fixed IV loading dose (olicer-
idine 1.5 mg, morphine 4 mg, or volume-mat-
ched placebo) followed by demand doses
administered via a patient-controlled analgesia
(PCA) device and clinician-administered,
blinded supplemental doses. PCA doses were
allowed from 10 min after the loading dose and
limited by a 6-min lockout interval. Blinded
clinician-administered IV supplemental doses
(oliceridine 0.75 mg and morphine 2 mg) were
permitted as often as hourly (PRN) (Supple-
mental Fig. 1). The dosing limit for all groups
was three PCA syringes or six clinician-admin-
istered supplemental PRN doses within the first
12 h (60 mg for oliceridine), after which
patients were discontinued and managed con-
ventionally. In both trials, prophylactic
antiemetics were not permitted preoperatively
or during the randomized treatment period.
However, patients were allowed to receive res-
cue antiemetic medication if they were actively
vomiting, or at the patient’s request if they
reported moderate or severe nausea (graded on a
four-category scale of none, mild, moderate,
severe).

Gastrointestinal Tolerability

In the pivotal trials, the adverse events of nau-
sea and vomiting that were spontaneously
reported were assessed during the randomized
treatment and 7-day follow-up period and
coded using the Medical Dictionary for
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Regulatory Activities (MedDRA), version
19.0.26 [18, 19].

In this post hoc analysis, two outcomes were
determined: (1) complete GI response, defined
as the proportion of patients not experiencing the
adverse event of vomiting and not using a rescue
antiemetic, which was examined for each treat-
ment arm by study and the pooled data from
both studies and, (2) complete GI response
endpoint observed between oliceridine and
morphine when adjusted for equivalent levels
of analgesic benefit. The method of adjustment
for analgesic benefit is discussed further in the
Statistical Analysis section that follows. For this
latter analysis, all demand doses of oliceridine
were pooled.

Statistical Analysis

Complete GI response was compared across
assigned treatments using a logistic regression
model with the main effects of treatment and
baseline pain score. For the analysis assessing
complete GI response when adjusted for equiv-
alent analgesic levels, the complete GI response
was adjusted for therapeutic effectiveness and
compared by logistic regression, with the final
model selected by backward elimination using
the p B 0.1 criterion. Analgesic effect was
quantified using the sum of pain intensity dif-
ference (SPID) appropriate to the acute treat-
ment interval in each study, SPID-48
(orthopedic surgery-bunionectomy)/SPID-24
(plastic surgery-abdominoplasty), with pre-res-
cue SPID scores carried forward for 6 h for those
patients who received protocol-specified rescue
analgesic medication. Patients receiving pla-
cebo were excluded from this analysis. This
model included the effects of treatment, base-
line pain score, and SPID 48/24 (Table 1). This
analysis was performed for each study sepa-
rately and the pooled data for both studies
combined. The full model for the individual
studies (bunionectomy/abdominoplasty,
respectively) included the complete GI response
endpoint as the dependent variable with treat-
ment (pooled oliceridine demand dose regi-
mens of 0.1, 0.35, and 0.5 mg as zero and
morphine as one), baseline pain score, SPID

48/24 and the interaction terms of treatment by
baseline pain score, treatment by SPID 48/24,
and baseline pain score by SPID 48/24 as
explanatory variables (Table 1). The full model
for the pooled data from both studies utilized
the same variables as for the individual studies,
with the inclusion of study indicator
(bunionectomy/abdominoplasty) and the
explanatory variable (Table 1).

In the pooled data model, the interaction
term of study ID and treatment was statistically
significant (p = 0.0392). Upon further review of
the study ID and treatment interaction terms,
the benefit of oliceridine was consistent over
morphine across both studies as the percentage
of subjects who had complete GI response
remained higher in the oliceridine group. The
magnitude of the oliceridine complete GI
response varied across the studies. Based on the
significant relationship seen between study ID
and treatment, it was noted that these studies
should not be combined for the logistic analysis
of complete GI response.

RESULTS

Demographics

Patient demographics were reported in the
individual studies and previously published
[18, 19]. In both studies, the treatment regi-
mens were balanced for age, race, and baseline
characteristics. The mean age of patients was
45.1 ± 13.5 years in the orthopedic surgery-
bunionectomy study and 41.4 ± 10.2 years in
the plastic surgery-abdominoplasty study, with
mostly female patients (84.8%, bunionectomy
study and 99.3%, abdominoplasty study) and
predominantly Caucasian (69.4%, bunionec-
tomy study, and 64.1%, abdominoplasty study).
The mean BMI was 26.5 ± 4.3 kg/m2 and
27.3 ± 3.3 kg/m2 in the bunionectomy and
abdominoplasty studies, respectively [18, 19].

The majority of the study population enrol-
led in both the bunionectomy study and the
abdominoplasty study mainly comprised of
patients at increased risk of PONV, as defined by
Apfel score criteria (C 3) (Table 2). Furthermore,
these data demonstrate that the representation
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of these risk strata was balanced across the
treatment groups (Table 2).

Gastrointestinal Tolerability

The predominant rescue antiemetic used in
both trials, was the 5-HT3 antagonist, ondan-
setron (Table 3).

Complete GI Response (Post Hoc Analysis)

The proportion of patients reaching the end-
point of complete GI response defined as not
experiencing the adverse event of vomiting and
not using a rescue antiemetic for each study by
treatment arm is shown in Fig. 1. In the

orthopedic surgery-bunionectomy study, a sig-
nificantly greater proportion of patients in the
placebo (87.2%) and all oliceridine treatment
regimens (0.1 mg: 76.3%, 0.35 mg: 53.2% and
0.5 mg: 49.4%) achieved complete GI response
compared to those patients allocated to mor-
phine (32.9%; p\ 0.05 vs. morphine) (Fig. 1a).
In the plastic surgery-abdominoplasty study,
complete GI response was achieved in a signif-
icantly greater proportion of patients only in
the placebo (66.3%) and oliceridine 0.1 mg
demand dose regimen (59.7 vs. 28.8% with
morphine, p B 0.0001) (Fig. 1b). The proportion
of patients achieving complete GI response with
the oliceridine 0.35 mg and 0.5 mg demand
dose were 39.2 and 29.9%, respectively (Fig. 1b).

Table 1 Logistic regression model to assess complete GI response between oliceridine and morphine

Dependent variable Explanatory variables

Individual studies

Complete GI response (defined as no

vomiting and no use of rescue antiemetics)

Treatment*

Baseline pain score

SPID 48 (bunionectomy)/24 (abdominoplasty)

The interaction terms of treatment by baseline pain score

Treatment by SPID 48/24

Baseline pain score by SPID 48/24

Pooled studies

Complete GI response (defined as no

vomiting and no use of rescue antiemetics)

Study indicator

Treatment*

Baseline pain score

SPID 48 (bunionectomy)/24 (abdominoplasty)

Study indicator by treatment interaction

Study indicator by baseline pain score

Study indicator by SPID 48/24,

Treatment by baseline pain score

Treatment by SPID 48/24

Baseline pain score by SPID 48/24

GI gastrointestinal, SPID sum of pain intensity difference
*Pooled oliceridine demand dose regimens of 0.1, 0.35, and 0.5 mg as zero or morphine as one
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In the pooled data from both studies, a statis-
tically significantly greater proportion of
patients in the placebo regimen (76.4%) and
patients in two of the oliceridine treatment
regimens, 0.1 mg (68.0%) and 0.35 mg (46.2%)
achieved complete GI response compared to
morphine (30.8%, p B 0.005 vs. morphine)
(Fig. 2).

Complete GI Response after Adjusting
for Equivalent Levels for Analgesia
with Oliceridine and Morphine

After adjustment for analgesic effect, the odds
ratio to experience complete GI response with
oliceridine (combined demand doses) vs. mor-
phine was 3.14 (95% CI: 1.78, 5.56; p\0.0001)

Table 2 Apfel score by treatment in the phase 3 randomized clinical studies

Apfel score
n (%)

Placebo Oliceridine demand dose Morphine

0.1 mg 0.35 mg 0.5 mg 1 mg

Hard tissue (orthopedic surgery-bunionectomy study)

N 79 76 79 79 76

0 0 0 0 0 0

1 1 (1.3) 3 (3.9) 2 (2.5) 5 (6.3) 0

2 14 (17.7) 14 (18.4) 20 (25.3) 14 (17.7) 21 (27.6)

3 54 (68.4) 52 (68.4) 51 (64.6) 53 (67.1) 46 (60.5)

4 10 (12.7) 7 (9.2) 6 (7.6) 7 (8.9) 9 (11.8)

Soft tissue (plastic surgery-abdominoplasty study)

N 83 77 79 80 82

0 0 0 0 0 0

1 0 0 0 0 0

2 3 (3.6) 5 (6.5) 6 (7.6) 7 (8.8) 6 (7.3)

3 70 (84.3) 63 (81.8) 65 (82.3) 67 (83.8) 67 (81.7)

4 10 (12.0) 9 (11.7) 8 (10.1) 6 (7.5) 9 (11.0)

Pooled studies

N 162 153 158 159 158

0 0 0 0 0 0

1 1 (0.6) 3 (2.0) 2 (1.3) 5 (3.1) 0

2 17 (10.5) 19 (12.4) 26 (16.5) 21 (13.2) 27 (17.1)

3 124 (76.5) 115 (73.4) 116 (73.4) 120 (75.5) 113 (71.5)

4 20 (12.3) 16 (10.5) 14 (8.9) 13 (8.2) 18 (11.4)

Using a Cochran–Mantel–Haenszel raw mean score test to compare distribution across treatments—for hard tissue study,
p = 0.584; soft tissue study, p = 0.663; pooled data, p = 0.307. Apfel score assesses a patient’s risk for postoperative nausea
and vomiting based on known risk factors. Total score ranges from 0 to 4, with higher score 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 non-smoker; and does the patient have postoperative
opioid use. In this study, all patients were considered as having postoperative opioid use
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in the orthopedic surgery-bunionectomy study
and 1.92 (95% CI: 1.09, 3.36; p = 0.024) in the
plastic surgery-abdominoplasty study. Across

both studies, the proportion of patients with a
complete GI response remained higher in the
oliceridine group vs. morphine (Fig. 3).

Table 3 Rescue antiemetic medications by treatment groups utilized in the pivotal trials

n (%) Placebo Oliceridine demand dose Morphine

0.1 mg 0.35 mg 0.5 mg 1 mg

Hard tissue (orthopedic surgery-bunionectomy study)

N 79 76 79 79 76

Patients with at least one antiemetic 9 (11.4) 14 (18.4) 28 (35.4) 34 (43.0) 46 (60.5)

Ondansetron 7 (8.9) 14 (18.4) 28 (35.4) 34 (43.0) 46 (60.5)

Other antiemetics 2 (2.5) 0 1 (1.3) 0 0

Soft tissue (plastic surgery-abdominoplasty study)

N 83 77 79 80 82

Patients with at least one antiemetic 24 (28.9) 26 (33.8) 44 (55.7) 48 (60.0) 53 (64.6)

Ondansetron 24 (28.9) 25 (32.5) 44 (55.7) 48 (60.0) 53 (64.6)

Other antiemetics 2 (2.4) 2 (2.6) 0 1 (1.3) 2 (2.4)

Patients were counted once within each drug class and within each treatment group

Fig. 1 Proportion of patients with complete GI response*
by treatment in the two pivotal studies. *Complete
response defined as proportion of patients not experienc-
ing adverse event of vomiting and not requiring use of

rescue antiemetics. Using a logistic regression modeling for
complete response with treatment effect and baseline pain
score, odds ratio and statistical significance vs. morphine
were determined
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DISCUSSION

The findings from this exploratory analysis
demonstrate that oliceridine has a favorable
advantage compared to morphine related to the
safety endpoint of ‘‘complete GI response,’’
defined as no vomiting and no use of rescue
antiemetic medication. The findings persisted
when controlled for the level of analgesia, with
the odds of achieving complete GI response
being 2–3 times higher with oliceridine than

morphine. Notably, these findings were
observed in a population of patients character-
ized as having an increased risk for PONV since
the majority of patients had Apfel scores C 3
prior to enrollment. The Apfel score distribu-
tion was balanced across treatment groups.
Although the protocol for both pivotal trials did
not allow the use of prophylactic antiemetics,
rescue antiemetics in patients were permitted in
those who were actively vomiting, or at the
patient’s request if they reported moderate or

Fig. 2 Proportion of patients with complete GI response
by treatment* in the pooled data set (combining the two
pivotal trials).*Complete response defined as proportion of
patients not experiencing adverse event of vomiting and

not requiring use of rescue antiemetics. Using a logistic
regression modeling for complete response with treatment
effect and baseline pain score, odds ratio and statistical
significance vs. morphine were determined

Fig. 3 Proportion of patients with complete GI response after adjusting for equivalent levels for analgesia with oliceridine
and morphine in both pivotal studies. Data shown for oliceridine are pooled for all three doses (0.1, 0.35, and 0.5 mg)
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severe nausea. Ondansetron was the most
commonly used antiemetic across all treatment
groups.

In this post hoc analysis, the clinical end-
point of complete GI response included the
measure of no vomiting and no use of rescue
antiemetic. While nausea is a subjective mea-
sure based on patient self-report and is not
necessarily accompanied by vomiting [29], the
occurrence of vomiting is clinically apparent
and unambiguously quantifiable [23]. Rescue
antiemetics were only allowed among patients
experiencing an episode of vomiting or upon
patient request if they experienced moderate-
to-severe nausea (based on categorical scale).
Utilization of rescue antiemetics in patients
experiencing nausea can prevent future vomit-
ing episodes. Thus, including the measure of
‘‘no use of rescue antiemetics’’ in the clinical
endpoint of complete GI response provides a
more stringent circumstance for the measure of
GI safety (vomiting) and provides the ability to
discriminate the relative difference in this out-
come between oliceridine and morphine.

Use of opioids to address postoperative pain
is a major risk factor for the emergence of PONV
[8, 30]; however, the relative emetic potencies
between various opioids are not well studied,
and the few studies that compared opioids have
reported no differences in the incidence of
PONV [30, 31]. Thus, our findings that olicer-
idine exhibits improved GI tolerability com-
pared to morphine is especially notable.

In clinical practice, opioids are usually not
administered as the only analgesic; rather, they
are typically utilized in an operationally defined
regimen of multimodal analgesia [32]. Indeed,
in the well-validated Apfel score used to predict
the risk of PONV, the use of postoperative opi-
oids is included as one of the variables [7]. The
pivotal studies analyzed here did not use oli-
ceridine or morphine as a part of multimodal
analgesia; however, the bunionectomy trial
used regional anesthesia with a popliteal sciatic
nerve blockade and the abdominoplasty trial
was performed under general anesthesia with
endotracheal intubation using fentanyl and
propofol. Our findings indicate that in the
abdominoplasty study, complete GI response
was significantly higher only with the

oliceridine 0.1 mg demand dose, and the
responses observed with the 0.35- and 0.5-mg
demand doses were not significantly different
than those observed with morphine. The dif-
ference in the anesthesia regimen, in addition
to the type of surgical procedure studied, could
have contributed to the varied findings in the
two studies. Indeed, studies have reported a
lower incidence of PONV with regional anes-
thesia compared to general anesthesia [4, 33].

Although nausea and vomiting are adverse
events of opioids, adequate pain control can
also relieve PONV. Indeed, postoperative pain,
especially of pelvic or visceral origin, is reported
to lead to a higher incidence of postoperative
nausea and vomiting [34]. In our analysis, after
maintaining the analgesic effect at a constant
level for both the oliceridine and morphine
treatment groups, the odds of achieving com-
plete GI response were three times higher with
oliceridine than with morphine in the
bunionectomy study and twice as high with
oliceridine compared to morphine in the
abdominoplasty study. Although the magni-
tude of the effect was lower in the abdomino-
plasty study, both studies showed a consistent
positive benefit with oliceridine.

One of the limitations of this analysis is that
the findings were based on post-randomization
events. Nevertheless, the studies included here
did not allow prophylactic use of antiemetics
and thus maximized the ability to detect any
differences between oliceridine and morphine
related to PONV. Furthermore, the inclusion of
populations studied under both forms of anes-
thesia allowed for a broader perspective of the
risk profile. These findings suggest that olicer-
idine has a clinically significant GI safety
advantage compared to the reference dose reg-
imen of morphine when analyzed under
equianalgesic conditions. Future prospective
studies are needed to confirm these findings.

CONCLUSIONS

In summary, findings from this exploratory
analysis show that the incidence of postopera-
tive vomiting and use of rescue antiemetics was
significantly lower in patients receiving
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oliceridine than morphine, and these beneficial
effects persisted when controlled for the anal-
gesic effects, based on SPID scores. The findings
suggest that oliceridine, a G-protein selective
MOR agonist, may have improved GI tolerabil-
ity compared to morphine, and provides an
important new option for the clinical manage-
ment of postoperative pain.
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