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Abstract: Optimal pain relief requires a balance between adequate analgesia and risk of
adverse effects. Opioids remain the cornerstone for managing moderate to severe pain, but
are associated with opioid-induced respiratory depression (OIRD) and gastrointestinal com-
plications. Opioids exert their analgesic effects predominantly via G-protein signaling,
however, adverse effects including OIRD are mediated by the p-arrestin pathway.
Oliceridine is the first of a new class of biased opioid agonists that preferentially activate
G-protein signaling over B-arrestin, which would theoretically improve analgesia and reduce
the risk of adverse effects. Oliceridine is approved by the Food and Drug Administration
(FDA) for the treatment of moderate to severe acute pain. The efficacy of Oliceridine was
mainly established in two randomized controlled Phase III clinical trials of patients experi-
encing moderate to severe pain after bunionectomy (APOLLO-1) and abdominoplasty
(APOLLO-2). The results of the APOLLO studies demonstrate that Oliceridine, when
administered via patient-controlled analgesia (PCA) demand boluses of 0.35mg and 0.5mg,
provides superior analgesia compared to placebo, and is equianalgesic to PCA morphine 1mg
demand boluses, without significant difference in the incidence of respiratory complications.
In a more pragmatic trial of surgical and non-surgical patients, the ATHENA observational
cohort study reported rapid onset of analgesia with Oliceridine given with or without multi-
modal analgesia. However, these studies were designed to evaluate analgesic efficacy, and it
is still uncertain if Oliceridine has a better safety profile than conventional opioids. Although
several post hoc analyses of pooled data from the APOLLO and ATHENA trials reported that
Oliceridine was associated with lower OIRD and gastrointestinal complications compared to
morphine, prospective studies are needed to elucidate if biased agonists such as Oliceridine
reduce the risk of adverse effects compared to conventional opioids.
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Introduction

Opioids remain the cornerstone for analgesic management of moderate to severe
acute pain, which affects approximately 75% of postoperative patients.' Optimal
pain relief requires a balance between providing adequate analgesia versus the risk
of analgesia-related adverse effects. On one hand, inadequate analgesia has been
associated with prolonged hospitalization, impaired recovery, and increased risk of
developing chronic pain.” Conversely, excessive opioid use is associated with
nausea, vomiting, sedation, constipation, and opioid-induced respiratory depression

(OIRD).> In particular, OIRD results from a combination of central respiratory
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depression, sedation, and airway obstruction, potentially
leading to hypoxemia, hypercapnia, and cardiorespiratory
arrest.’ The incidence of OIRD ranges from 0.04% to
41%, depending on the diagnostic criteria,® and places
a significant population at risk of morbidity or mortality.”
In the last decade, opioid utilization has risen dramatically
with concomitant increase in related mortality and adverse
effects, which has prompted the search for novel drugs
with improved analgesic efficacy and adverse effect
profiles.

Clinical Pharmacology

Conventional opioids such as morphine, oxycodone, and
fentanyl exert their analgesic effects by binding to and
activating the p-opioid receptor and its downstream
G-protein signaling pathway.'® However, the activated p-
opioid receptor can also stimulate an alternative signal
transduction pathway mediated by B-arrestin, which has
been implicated in OIRD, gastrointestinal complications,
and attenuation of analgesia.'""'* The effects of B-arrestin
were demonstrated in B-arrestin knock-out mice, which
exhibited increased analgesia and fewer OIRD and gastro-
intestinal effects when administered morphine, compared
to wild-type mice."? Therefore, preferential activation of
the G-protein signaling pathway while minimizing f-
arrestin activity may decrease the risk of opioid-related
adverse effects and result in an improved therapeutic win-
dow compared to conventional opioids."*

Oliceridine (brand name Olinvyk, previously TRV130;
Trevena Inc., Pennsylvania, USA) is the first of this new
class of opioids, termed biased ligands. Oliceridine is
structurally distinct from opiates (eg, morphine) or syn-
thetic derivatives (eg, fentanyl or hydromorphone), and is
classified as a biased opioid agonist with exceptional
selectivity for the p-opioid receptor.'* Oliceridine has
been shown in vitro to induce only 14% of B-arrestin
signaling activity compared to morphine.'*

At present, Oliceridine is approved by the Food and
Drug Administration (FDA) for intravenous use to treat
moderate to severe acute pain.'”” It is supplied as
a colorless, preservative-free solution with each milliliter
L-histidine,
mannitol.'® An Oliceridine dose of 1 mg is equipotent to

containing 1 mg of Oliceridine, and
5 mg of intravenous morphine.'® After administration, the
onset of analgesia occurs rapidly (1 to 2 minutes), peaks at
6 to 12 minutes, and lasts for approximately 1 to 3 hours."”
Maintenance of analgesia can be achieved through inter-

mittent boluses or patient-controlled analgesia (PCA). The

recommended bolus dose is 1mg to 2mg every 1 to 3 hours
as needed.'>'® For administration via PCA, demand doses
of 0.1mg to 0.35mg with a 6-minute lockout are recom-
mended. For either bolus or PCA administration, it is
recommended that the cumulative daily dose not exceed
27mg, 1516
Oliceridine is metabolized by cytochrome P450 hepatic
enzymes, primarily CYP3A4 and CYP2D6 with secondary
contributions from CYP2C9 and CYP2C19. The resultant
metabolites, M22 and TRV0109662, are inactive, with no
appreciable p-opioid receptor activity found in vitro.'
Metabolism may be delayed in individuals classified as
poor CYP2D6 metabolizers, who comprise approximately
3% to 10% of Caucasians, 2% to 7% of African
Americans, and <2% of Asians in the United States.'’
Over 70% of metabolites are eliminated in the urine,
with the remainder eliminated in the feces.'® Oliceridine
has low renal clearance, with 0.97% to 6.75% of
unchanged drug dose found in the urine,'® which is advan-
tageous in patients with significant renal impairment.

Clinical Trials

Preclinical Studies

Oliceridine exhibited 3 to 10 times the analgesic potency
compared to morphine in mouse and rat analgesic
models."* Two studies demonstrate the lack of tolerance
with prolonged Oliceridine administration; the first study
administered increasing doses of Oliceridine over four
days, and reported less tolerance and opioid-induced
hyperalgesia compared to morphine in the murine
model.'® Similar results were obtained from another
study involving repeated administration of Oliceridine
over three days, which demonstrated prolonged analgesic
effects without any significant tolerance during the study
period.'® Furthermore, Oliceridine induced less allodynia
in mice with tibial fractures, compared to morphine which
appeared to induce greater nociceptive sensitization.'” The
analgesic effects of Oliceridine were rapidly and comple-
tely reversed by naloxone.'*

Oliceridine exhibited reduced gastrointestinal adverse
effects and respiratory depression in mice, compared to
equianalgesic morphine doses.'* Continuous infusion of
Oliceridine for 28 days in rats and 14 days in monkeys
resulted in no unique toxic effects other than those asso-
ciated with prolonged opioid administration.'” In vitro and
in vivo genotoxicity assays reported no definitive muta-
genicity or clastogenicity.'’
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Phase | Studies

The analgesic efficacy of Oliceridine compared to mor-
phine was evaluated in multiple Phase I studies, including
a randomized, double-blind crossover study in 30 healthy
volunteers utilizing an experimental model of pain (cold
pain test) and ventilatory response to hypercapnia.'® The
study showed that a single Oliceridine dose of 3mg or
4.5mg resulted in improved analgesia with quicker onset,
and similar duration of action compared to morphine
10mg. Moreover, Oliceridine had less impact on respira-
tory drive than morphine, and dose-limiting nausea and
vomiting occurred only at supratherapeutic doses of
7mg.'® In another study, a single dose of Oliceridine
3mg exhibited no clinically significant effect on QT inter-
val, while supratherapeutic doses of 6mg were associated
with transient QT prolongation without significant ventri-
cular arrhythmia.

Phase |l Studies

These initial safety and efficacy results were consistent in
two subsequent Phase II randomized-controlled trials of
patients undergoing bunionectomy and abdominoplasty,
representing surgical models of hard tissue and soft tissue
pain, respectively.’?! In the pilot phase of the first study,
patients with moderate or severe pain after bunionectomy
were randomized to receive intravenous Oliceridine 1mg,
2mg, 3mg, or 4mg q4h, morphine 4mg g4h, or placebo,
with the primary endpoint being time-weighted average
change in baseline pain scores over 48 hours.”’ However,
the Oliceridine q4h regimen was associated with analgesia
loss between doses. The study protocol was subsequently
altered to compare Oliceridine 0.5mg, 1mg, 2mg, or 3mg
q3h versus morphine 4mg q4h or placebo. Oliceridine 2mg
and 3mg q3h provided superior analgesia than both pla-
cebo and morphine 4mg q4h, with similar incidence of
adverse effects between all Oliceridine and morphine regi-
mens and no serious adverse events.?’

The second study was a two-part randomized trial
evaluating the efficacy and safety of Oliceridine when
administered via PCA in 200 patients experiencing mod-
erate or severe pain after abdominoplasty.?' In the first part
of the study, patients were randomized to receive two
Oliceridine 0.75mg loading doses 10 minutes apart fol-
lowed by PCA demand doses of 0.lmg; two morphine
2mg loading doses 10 minutes apart followed by PCA
demand boluses of 1mg, or placebo. After interim analy-
sis, the Oliceridine demand dose was increased to 0.35mg

in the second part of the study. Although there was no
significant difference in analgesia provided by the
Oliceridine and morphine regimens, the former achieved
meaningful pain relief quicker than morphine (Oliceridine
0.35mg: 0.3 hours; morphine 1mg: 1.0 hour). Furthermore,
Oliceridine was associated with lower incidence of nausea
(Oliceridine 0.1mg: 41%; Oliceridine 0.35mg: 46%; mor-
phine 1mg: 72%), vomiting (Oliceridine 0.1mg: 15%;
Oliceridine 0.35mg: 15%; morphine 1mg: 42%), and
15%;
53%) compared to

hypoventilation (Oliceridine 0.1mg: Oliceridine
0.35mg:  31%;

morphine.”'

morphine lmg:

Phase Ill Studies

The results of two randomized controlled Phase III studies;
APOLLO-1 (bunionectomy) and APOLLO-2 (abdomino-
plasty) supported the findings of the Phase II studies.*>?*
Both studies enrolled patients experiencing moderate or
severe pain after their respective surgeries (defined as
numerical rating score (NRS) >4 for APOLLO-1, and
NRS >5 for APOLLO-2) who were randomized to receive
PCA demand boluses of placebo, morphine 1mg, or
Oliceridine 0.Img, 0.35mg, and 0.5mg. The respective
regimens were preceded by a clinician-administered load-
ing dose of Oliceridine 1.5mg, morphine 4mg, or volume-
matched placebo. Blinded clinicians were permitted to
administer qlh supplemental doses (Oliceridine 0.75mg
or morphine 2mg) as needed one hour after the loading
dose, although multimodal analgesia was not allowed. The
primary objective of both studies was to compare the
analgesic efficacy of Oliceridine to placebo, and seconda-
rily, to compare the efficacy of Oliceridine to morphine.
Analgesic efficacy was assessed in both studies using
treatment response, defined as patients who did not receive
rescue analgesia and who experienced >30% improvement
in time-weighted sum of NRS difference from baseline to
the end of the study (48 hours for APOLLO-1 and 24
hours for APOLLO-2).

The results of APOLLO-1 (summarized in Table 1)
reported significantly higher treatment response rates in all
Oliceridine regimens and the morphine 1mg regimen com-
pared to placebo.” Furthermore, a similar proportion of
patients in the Oliceridine and morphine groups experienced
treatment response over the full study period, and fewer
patients needed rescue analgesia or discontinued treatment
due to lack of efficacy in the Oliceridine and morphine regi-
mens compared to placebo. Patients experienced “meaning-
ful pain relief” within 12 minutes in all Oliceridine regimens,
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Table | Summary of Results from the APOLLO-I Trial

Oliceridine PCA Demand Dose Morphine PCA Placebo
Img Demand N=79
0.Img 0.35mg 0.5mg
N = 76 N=79 N =79 Dose
N=179
Treatment response (%)* 50.0 62.0 65.8 71.1 15.2
Any adverse event (%) 737 86.1 91.1 96.1 68.4
Any serious adverse event (%) 0 0 0 0 0
Mean Respiratory Safety Burden, RSB (minutes)® | 9 15 33 |
Respiratory Safety Event (RSE) (%)¢ | 7 1l 14 0
Mean duration of RSE (hours) 2.88 3.21 5.72 5.96 0
Oxygen desaturation <90% (%) 39 10.1 13.9 19.7 1.3
Respiratory rate <8/min (%) 0 1.3 1.3 53 0
Sedation (%)° 18.4 20.3 16.5 19.7 2.7
Any gastrointestinal adverse event (%) 40.8 59.5 70.9 724 24.1
Nausea (%) 355 55.7 63.3 64.5 24.1
Vomiting (%) 17.1 39.2 40.5 50.0 6.3
Constipation (%) 10.5 1.4 13.9 17.1 1.4
Pruritus (%) 2.6 16.5 6.3 31.6 7.6
Headache (%) 25.0 253 329 303 30.4

Notes: “Treatment response was defined as meeting all of the following: (1) 230% improvement in time-weighted sum of pain intensity difference from baseline; (2) did not
receive rescue analgesia; (3) did not discontinue study medication; and (4) did not reach dosing limits. °Respiratory Safety Burden (RSB) was defined as the number of
Respiratory Safety Events (RSE) multiplied by mean cumulative duration of RSE. “RSEs were defined by clinical observations of worsening respiratory status including changes
in respiratory rate, presence of oxygen desaturation, and change in the level of sedation. 9Sedation defined as Moline-Roberts Pharmacologic Sedation Scale =3.

versus 30 minutes in the morphine regimen, although this  regimens produced significantly higher treatment response
was not statistically significant. Similarly, APOLLO-2 rates compared to placebo, and the Oliceridine 0.35mg and
(results summarized in Table 2) reported that all Oliceridine  0.5mg regimens were non-inferior to morphine 1mg.**

Table 2 Summary of Results from the APOLLO-2 Trial

Oliceridine PCA Demand Dose Morphine PCA Placebo
Img Demand N =83
0.Img 0.35mg 0.5mg
N =77 N=79 N = 80 Dose
N =82

Treatment response (%)* 61.0 76.3 70.0 783 45.7
Any adverse event (%) 89.6 93.7 95.0 97.6 783
Any serious adverse event (%) 0 1.3 38 1.2 0

Mean Respiratory Safety Burden, RSB (minutes)® 25.8 88.8 95.4 103.2 36.0
Respiratory Safety Event (RSE) (%)° 7.8 21.5 22.5 26.8 6.0
Mean duration of RSE (hours) 5.51 6.88 7.07 6.40 9.88
Oxygen desaturation <90% (%) 7.8 19.0 20.0 244 84
Respiratory rate <8/min (%) 0 5.1 7.5 9.8 1.2
Sedation (%)° 10.4 24.1 225 25.6 18.1
Any gastrointestinal adverse event (%) 49.4 65.8 788 79.3 47.0
Nausea (%) 44.2 62.0 75.0 744 45.8
Vomiting (%) 234 215 425 53.7 13.3
Constipation (%) 15.6 16.5 1.3 11.0 72
Pruritus (%) 14.3 17.7 17.5 232 6.0
Headache (%) 15.6 29.1 26.3 29.3 289

Notes: “Treatment response was defined as meeting all of the following: (1) 230% improvement in time-weighted sum of pain intensity difference from baseline; (2) did not
receive rescue analgesia; (3) did not discontinue study medication; and (4) did not reach dosing limits. °Respiratory Safety Burden (RSB) was defined as the number of
Respiratory Safety Events (RSE) multiplied by mean cumulative duration of RSE. “RSEs were defined by clinical observations of worsening respiratory status including changes
in respiratory rate, presence of oxygen desaturation, and change in the level of sedation. “Sedation defined as Moline-Roberts Pharmacologic Sedation Scale 3.
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Respiratory safety was assessed using respiratory
safety burden (RSB), which is the incidence of respiratory
safety events (RSE) multiplied by the cumulative duration
of these events. RSEs were determined by clinical obser-
vation of respiratory rate, oxygen saturation, or sedation
using the Moline-Roberts Pharmacologic Sedation Scale.
PCA demand boluses were temporarily ceased during
RSEs. APOLLO-1 showed a dose-dependent increase in
RSB across all Oliceridine regimens, which were not sig-
nificantly different from morphine 1mg.* In APOLLO-2,
the Oliceridine regimens were not associated with signifi-
cantly different RSB than placebo, although RSB for the
morphine 1mg regimen was significantly higher than that
of placebo.”?

Gastrointestinal adverse effects increased in a dose-
dependent manner across all Oliceridine regimens in
APOLLO-1, although the odds of requiring rescue antie-
metics were significantly lower with all Oliceridine regi-
mens than morphine.”® Similar results were reported in
APOLLO-2, with a higher incidence of gastrointestinal
complications with increasing Oliceridine dose, although
the authors noted that numerically lower proportions of
patients receiving Oliceridine received rescue antiemetics
(0.1mg: 32.5%; 0.35mg: 55.0%; 0.5mg: 61.3%) compared
to morphine (65.1%).2

A third Phase III study, ATHENA, was an open-label
observational study evaluating the use of Oliceridine in
treating moderate or severe pain in 768 patients, of whom
84% received multimodal analgesia.”* Patients enrolled in
ATHENA tended to be older, had higher body mass index
(BMI), and all had at least one comorbid condition.
ATHENA demonstrated the efficacy of Oliceridine in
a pragmatic setting comprised both surgical and non-
surgical patients; rapid onset of potent analgesia occurred
within 30 minutes, and less than 5% of patients discon-
tinued the regimen due to lack of efficacy. However, 64%
of patients experienced minor adverse effects, most of
which were nausea (31%), constipation (11%) and vomit-
ing (10%), although there was one case of significant
respiratory depression and several incidences of QT pro-
longation without ventricular arrhythmias.** Of note,
unlike the earlier Phase III trials, ATHENA was an obser-
vational study and had no restrictions on the use of con-
that could have affected the
incidence of adverse effects. Nonetheless, findings from

comitant medications

ATHENA suggest that Oliceridine alone, or given in the

context of multimodal analgesia, was efficacious and

generally well tolerated in a wide range of surgical and
non-surgical patients.

Adverse Effect Profile

Preferential activation of G-protein over B-arrestin signal-
ing pathways should theoretically improve the therapeutic
window of Oliceridine by increasing analgesic efficacy
and reducing the risk of opioid-related adverse effects.
Although Phase I studies suggested that Oliceridine may
be associated with lower risk of respiratory depression and
gastrointestinal complications compared to morphine,'’
the incidence of these adverse effects was not directly
investigated in subsequent Phase III clinical trials, which
were primarily designed to evaluate the analgesic efficacy
of Oliceridine.

The APOLLO trials evaluated the same Oliceridine
and morphine regimens, and had similar study design
and enrolment criteria. Pooling data from the APOLLO
trials, Ayad et al performed a post hoc analysis to further
compare the respiratory depressant effects of Oliceridine
and morphine.”> Outcomes included the incidence of RSE,
proportion of patients with dosing interruptions (duration
when PCA demand boluses were not permitted due to an
ongoing RSE), cumulative duration of all dosing interrup-
tions, incidence of oxygen desaturation <90%, and discon-
tinuation due to respiratory events. Oliceridine was
associated with a dose-dependent increase in RSE inci-
dence (0.1mg: 4.6%, 0.35mg: 15.2%, and 0.5mg 18.2%),
all of which were lower than that of morphine Ilmg
(22.8%). This represents a relative risk reduction of 33%
for Oliceridine 0.35mg and 20% for Oliceridine 0.5mg
compared with morphine 1mg. Furthermore, the propor-
tion of patients with dosage interruptions was higher with
morphine 1mg (21.5%) compared to Oliceridine (0.35mg:
13.9%, 0.5mg: 15.1%), and the cumulative duration of
dosing interruptions and desaturation was significantly
lower with Oliceridine. Although the authors concluded
that Oliceridine had better respiratory safety than mor-
phine, it should be noted that the diagnosis of RSE was
based on clinical assessment and intermittent respiratory
and sedation monitoring, which may be limited by clin-
ician subjectivity and the possibility that a proportion of
RSEs was undetected by intermittent monitoring.

Another post hoc analysis of data from the APOLLO
trials and a preclinical study of 30 healthy volunteers
compared Oliceridine with morphine using a utility func-
tion, which allowed the authors to integrate the effects of
coincident beneficial (analgesic) and adverse (respiratory
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depressant) outcomes into a single variable.”® Their results
suggest that the use of Oliceridine for treating moderate to
severe pain has significantly better utility (probability of
producing analgesia rather than respiratory depression)
over clinically relevant plasma concentrations than
morphine.

Bergese et al performed a retrospective study compar-
ing data from the ATHENA trial against a post hoc
derived control cohort treated with morphine at a subset
of the ATHENA investigational sites during the same
period.?” This study included patients who underwent
general surgery, colorectal, cardiothoracic, bariatric, or
orthopedic surgery, with the primary outcome of OIRD
incidence; ATHENA used over 100 MedDRA coded terms
including hypoventilation, hypoxia, respiratory depres-
sion, and respiratory failure, while OIRD was identified
in the control cohort using over 29 ICD-9 and ICD-10
codes, including desaturation, dyspnea, and respiratory
insufficiency. The Oliceridine cohort had a greater propor-
tion of elderly patients, American Society of
Anesthesiologists (ASA) physical status 3, and cases of
colorectal surgery, while the control cohort had greater
proportion of patients with prior opioid use, and orthope-
dic surgery. The use of concurrent opioids was not per-
mitted in the Oliceridine group, but 92% of the control
cohort received concurrent opioids, most commonly
hydromorphone. After adjusting for these potential con-
founding factors, Oliceridine use was associated with an
OIRD incidence of 8.0% compared to the control cohort
(30.7%), representing an odds ratio of 0.14 (95% CI 0.09
to 0.22). Subgroup analysis of patients at high risk of
respiratory complications such as chronic obstructive pul-
monary disease, renal impairment, sleep apnea, and obe-
sity reported reduced risk of OIRD with Oliceridine (OR
0.14, 95% CI 0.09 to 0.22) compared to controls treated
with conventional opioids.

Another recent post hoc analysis of data from the
ATHENA trial examined the incidence of OIRD in older
(>65 years old) and/or obese (body mass index,
BMI>30kg/m®) patients within 48 hours of receiving
Oliceridine.”® In this study OIRD was defined as naloxone
use, respiratory rate <10bpm, or oxygen saturation <90%.
Of 724 patients analyzed, 33% were >65 years old and
46% were obese. OIRD occurred in 14% of the cohort,
with similar incidence between elderly and younger
patients (10.8% vs 15.1%, OR 0.9, 95% CI 0.4 to 1.1,
p=0.11), and obese vs non-obese groups (14.0% vs 13.4%,
OR 1.1, 95% CI 0.7 to 1.6, p=0.80). The incidence of

OIRD in patients who were both elderly and obese was
10.8%. Multivariable analysis identified baseline pain
scores >6 (OR 1.9, 95% CI 1.2 to 3.1, p=0.005) and
concomitant use of benzodiazepines and/or gabapentinoids
(OR 1.6, 95% CI 1.0 to 2.6, p=0.045) as factors associated
with OIRD. The authors concluded that elderly and obese
patients were not at increased risk of OIRD when admi-
nistered Oliceridine.*®

There are limited data comparing gastrointestinal
adverse effects of Oliceridine with morphine. A post hoc
analysis of pooled data from the APOLLO trials was
conducted by Beard et al, with the primary outcome
being the proportion of “complete responders” defined as
the proportion of patients not experiencing vomiting and
not requiring rescue antiemetics.”’ Of note, the majority of
patients had Apfel score >3, indicating they were at high
risk of postoperative nausea and vomiting, and no antie-
metic prophylaxis was permitted. The results showed sig-
nificantly increased proportion of complete responders in
the placebo (76.4%) and Oliceridine (0.1lmg: 68.0%,
0.35mg: 46.2%) groups, compared to morphine (30.8%,
p<0.005). After adjusting for equivalent analgesic effect,
the combination of all Oliceridine regimens was associated
with OR 3.14 (95% CI 1.78 to 5.56) of achieving complete
response compared to morphine in patients who underwent
bunionectomy, and 1.92 (95% CI 1.09 to 3.36) after abdo-
minoplasty. A summary of studies reporting on Oliceridine
pharmacological, analgesic and adverse effects is pre-
sented in Table 3.

Cautions

Pregnancy

The use of Oliceridine has not been studied in pregnant
women or during lactation, hence data on birth defects,
miscarriage, and breast milk transfer are lacking.'® Pending
such data, the FDA cautions that Oliceridine crosses the
placenta and may result in respiratory depression or neonatal
withdrawal syndrome with prolonged intrapartum use.'®
Thus, Oliceridine should be administered in pregnant
women only if the benefits outweigh potential risks, and its

use is not recommended during labor.'>'®

Renal Impairment

A Phase I study investigated the safety of a single
Oliceridine 0.5mg dose in patients with end-stage renal
disease versus healthy controls.>® Commensurate with the
minimal renal clearance of Oliceridine, patients with
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Table 3 Summary of Studies Reporting on Oliceridine Pharmacological, Analgesic and Adverse Effects

Pharmacological Effects

Onset time'®

| to 2 minutes

Time to peak effect'®

6 to 12 minutes

Duration of effect'®

| to 3 hours

Potency compared to morphine'®

I:5

Recommended bolus dose'*'®

| to 2mg every | to 3 hours

Recommended PCA regimen's""

Demand doses of 0.Img to 0.35mg with 6-minute lockout
Cumulative daily dose should not exceed 27mg

Metabolism'®

Hepatic CYP3A4 and CYP2Dé6

Metabolites'®

No active metabolites

Dose adjustment for renal impairment30

Not needed in end-stage renal disease

Dose adjustment for hepatic impairment30

Not needed for mild (Child-Pugh score 5 to 6) or moderate (Child-Pugh score 7 to 9)
Reduced dose recommended for severe (Child-Pugh score 10 to I5)

Drug interactions'>'®

Caution with CYP3A4 and CYP2Dé inhibitors or inducers
Caution with SSRIs, TCAs, MAO-I, 5-HT3 antagonists, tramadol

Analgesic Efficacy

Phase |, randomized crossover
Healthy volunteers'®

® Single dose Oliceridine 3mg or 4.5mg; vs morphine 10mg

® Oliceridine had improved analgesia, quicker onset, and similar duration of action

Phase Il, randomized-controlled

Patients undergoing bunionectomy?®

® Oliceridine 0.5mg, Img, 2mg, or 3mg q3h; vs morphine 4mg q4h; vs placebo
® Oliceridine 2mg and 3mg q3h provided superior analgesia than both placebo and morphine 4mg q4h

Phase Il, randomized-controlled

Patients undergoing abdominoplasty®'

® Oliceridine loading dose 1.5mg, PCA demand bolus 0.Img or 0.35mg; vs morphine loading dose

® No significant difference in analgesia between Oliceridine and morphine regimens
® Oliceridine achieved analgesia faster than morphine

4mg, PCA demand bolus Img; vs placebo

Phase Ill, randomized-controlled APOLLO-I|

Patients undergoing bunionect:omy22

® Oliceridine loading dose |.5mg, PCA demand bolus 0.Img, 0.35mg, or 0.5mg; vs morphine

® Oliceridine regimens had higher analgesia treatment response than placebo

® Oliceridine 0.35mg and 0.5mg regimens were non-inferior to morphine Img regimen

loading dose 4mg, PCA demand bolus Img; vs placebo

Phase Ill, randomized-controlled APOLLO-2

Patients undergoing abdominoplasty23

® Oliceridine loading dose |.5mg, PCA demand bolus 0.Img, 0.35mg, or 0.5mg; vs morphine

® Oliceridine and morphine regimens had higher analgesia treatment response than placebo

loading dose 4mg, PCA demand bolus Img; vs placebo

Phase lll, observational
ATHENA

Surgical and non-surgical patients24

® Oliceridine alone, or with multimodal analgesia
® Rapid onset of analgesia within 30 minutes
® |ess than 5% discontinued due to lack of analgesic efficacy

Adverse Effects

Phase |, randomized crossover
Healthy volunteers'®

® Single dose Oliceridine 3mg or 4.5mg; vs morphine 10mg

® Oliceridine had less respiratory depression and gastrointestinal complications than morphine

Phase |

Healthy volunteers'®

® Single dose Oliceridine 3mg had no significant effect on QT interval

® Single dose Oliceridine 6mg associated with transient QT prolongation, without ventricular

arrhythmia

(Continued)
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Table 3 (Continued).

Pooled data from APOLLO-1 and APOLLO-2

and preclinical study?®

Post-hoc analysis ® Oliceridine regimens had lower incidence of respiratory safety events than morphine regimen

Pooled data from APOLLO-1 and APOLLO-2%* |® Oliceridine regimens had less dosage interruptions due to respiratory safety events than
morphine

Post-hoc analysis ® Oliceridine regimens had better utility (probability of producing analgesia rather than respira-

tory depression) than morphine

Retrospective study ® Oliceridine had lower incidence of opioid-induced respiratory depression (8.0%, OR 0.14, 95%
Data from ATHENA trial compared against Cl 0.09 to 0.22) than control cohort (30.7%)
post hoc control cohort?” ® Subgroup analysis of patients at high risk of respiratory complications: Oliceridine had lower

incidence of opioid-induced respiratory depression (OR 0.14, 95% CI 0.09 to 0.22) than control

Data from ATHENA trial?®

Post-hoc analysis ® Factors associated with Oliceridine-induced respiratory depression: baseline pain scores 26
(OR 1.9, 95% CI 1.2 to 3.1) and concomitant use of benzodiazepines and/or gabapentinoids (OR
1.6, 95% CI 1.0 to 2.6)

Pooled data from APOLLO-| and APOLLO-2?°

Post-hoc analysis ® Oliceridine regimens achieved higher rate of complete response (no vomiting, no rescue
antiemetics) than morphine (bunionectomy: OR 3.14, 95% Cl 1.78 to 5.56; abdominoplasty:
OR 1.92, 95% CI 1.09 to 3.36)

Abbreviation: PCA, patient-controlled analgesia.

end-stage renal disease were found to have similar phar-
macokinetics and drug clearance compared to age- and
sex-matched normal individuals, hence no dose adjustment
is required in this patient population.*®

Hepatic Impairment

Patients with mild (Child-Pugh score 5 to 6) to moderate
(Child-Pugh score 7 to 9) hepatic impairment exhibit
similar peak concentrations and drug clearance compared
to normal individuals, although volume of distribution
and half-time are increased. No dose adjustment is
recommended in patients with mild or moderate hepatic
dysfunction, but reduced initial dose and titration of sub-
sequent doses to clinical endpoints are recommended in
patients with severe hepatic impairment (Child-Pugh
score 10 to 15).%°

Misuse and Abuse

Like other opioids, Oliceridine can be subject to abuse,
addiction, and criminal diversion, however, the abuse
potential of Oliceridine is estimated to be similar to that
of morphine at equianalgesic doses.'”'® Utilizing a model
of intracranial self-stimulation (ICSS), Altarifi et al
demonstrated that repeated administration of Oliceridine
resulted in similar effects on ICSS as morphine, suggest-
ing comparable reward-enhancing effects of both drugs."”
These results are consistent with a clinical study where the
Drug Effects Questionnaire (DEQ) was used to evaluate

abuse-related subjective effects following Oliceridine
administration in healthy volunteers.'® The DEQ assesses
subjective opioid effects such as feeling “high”, liking the
drug effect, and wanting more of the drug. At equianalge-
sic doses of 3mg, Oliceridine resulted in similar abuse-
related subjective effects as morphine 10mg.'® Lastly,
Zamarripa et al compared the reinforcing effects of

31 Reinforcement of

Oliceridine to that of oxycodone.
drug self-administration is the reference standard test for
characterizing a drug’s abuse potential.>* In this study, the
reinforcement effects of Oliceridine and oxycodone were
found to be equipotent and equally effective when self-
administered by rats.>' Taken together, these results sug-
gest that the abuse potential of Oliceridine is comparable
to that of non-biased p-opioid receptor agonists such as

morphine or oxycodone.

Drug Interactions
There are no clinically significant drug interactions speci-
fic to Oliceridine. Like other opioids, care must be taken
with concomitant administration of Oliceridine with other
central nervous system depressants such as sedatives, alco-
hol, and hypnotics as this may result in exaggerated
respiratory depression and sedation.'>'®

Inhibition of CYP3A4 and CYP2D6 significantly
impairs the metabolism of Oliceridine. Concomitant
administration of CYP2D6 inhibitors such as paroxetine,
fluoxetine, quinidine, and bupropion may increase or
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CYP2D6
metabolisers. ' Likewise, concurrent use of CYP3A4 inhi-

prolong opioid effects, similar to poor
bitors such as macrolide antibiotics (eg, erythromycin),
triazole antifungals (eg, ketoconazole), and protease inhi-
bitors (eg, ritonavir) may increase or prolong therapeutic
and adverse effects. Less frequent dosing may be required
in these individuals. Conversely, drugs that induce
CYP3A4 like carbamazepine, phenytoin, rifampin, and
glucocorticoids may reduce the plasma concentration and
therapeutic efficacy of Oliceridine."®

Serotonin syndrome may ensue if Oliceridine is used
concurrently with selective serotonin reuptake inhibitors
(SSRIs), tricyclic antidepressants (TCAs), monoamine
oxidase inhibitors (MAO-I), 5-HT3 receptor antagonists,
and tramadol.'® Like other opioids, Oliceridine may
reduce the efficacy of diuretics through the release of
antidiuretic hormone, or increase the risk of urinary reten-
tion and constipation if used together with anticholinergic

drugs.'®

Avenues for Future Research

It should be noted that much of the available safety data
were obtained from preclinical studies, or clinical studies
assessing adverse effects as secondary outcomes, with
a paucity of prospective studies evaluating the safety pro-
file of Oliceridine as their primary outcome. Although
several post hoc analyses were performed on pooled data
from the APOLLO and ATHENA trials, these trials had
inherent limitations that may influence the accuracy and
generalizability of the pooled findings. For instance, the
APOLLO trials had different pain enrolment criteria
(APOLLO-1: NRS >4 within 9 hours after discontinuation
of regional anesthesia; APOLLO-2 NRS >5 within 4 hours
after surgery), utilized different anesthetic techniques
(APOLLO-1: regional anesthesia; APOLLO-2: general
anesthesia), had different treatment periods (APOLLO-1:
48 hours; APOLLO-2: 24 hours), and comprised predomi-
nantly of females (APOLLO-1: 85%, APOLLO-2: 99%)
and Caucasians (APOLLO-1: 69%; APOLLO-2: 64%).
Likewise, the ATHENA trial was an open-label cohort
study without a concurrent control group. Post-hoc ana-
lyses of these studies are therefore limited by the hetero-
geneity in study design and the influence of potential
confounding factors. Furthermore, antiemetic prophylaxis
was withheld or not standardized in those studies, limiting
the conclusions that could be derived regarding the occur-
rence of postoperative nausea and vomiting with
Oliceridine compared to other conventional opioids.

Future prospective research should therefore focus on con-
firming if Oliceridine produces clinically significant
improvement in the risk of developing respiratory depres-
sion and gastrointestinal complications compared to con-
ventional opioids.

Additionally, the safety and efficacy of Oliceridine
should be investigated in obstetric and pediatric popula-
tions, as these patients are generally considered to be at
increased risk of opioid-related adverse effects. The role of
Oliceridine in the context of Enhanced Recovery after
Surgery (ERAS) protocols should also be delineated, espe-
cially since a key tenant of ERAS is the use of multimodal
analgesia to reduce opioid utilization and related adverse
effects. However, at present, the use of Oliceridine with
multimodal analgesia was evaluated only in the ATHENA
trial, and more data are needed to ensure the safety and
efficacy of Oliceridine when used in conjunction with
other analgesics such as acetaminophen and nonsteroidal
anti-inflammatory drugs (NSAIDs).

Conclusions

Although the analgesic efficacy of Oliceridine was estab-
lished in several clinical studies, and is approved by the
FDA for the treatment of moderate to severe acute pain,
further prospective studies are required to compare its
adverse effect profile to conventional opioids and assess
the cost-effectiveness of its use. Furthermore, the use of
Oliceridine in obstetric and pediatric populations, and in
the context of ERAS protocols should be delineated.
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