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Purpose: To explore and analyze the current research progress, hotspots, and future trends in oliceridine research using bibliometric
methods.

Patients and Methods: We searched the Web of Science (WOS) database utilizing the keywords TS = (“oliceridine*” OR “TRV
130*” OR “TRV-130*” OR “olinvyk*” OR “TRV130*” OR “C22H31CIN202S*”) for relevant research literature on oliceridine from
its inception to June 16, 2024. Bibliometric methods were applied, and analysis software such as VOSviewer and CiteSpace were used
to visualize the publication timeline, authors, countries and regions, keywords, sources of literature, research hotspots, and co-cited
documents related to oliceridine. Co-occurrence and aggregation analyses were conducted, and maps relevant to institutional
cooperation were generated.

Results: A total of 151 relevant articles were retrieved and included in the final analysis. Most articles were published between 2020
and 2021. The United States has the highest number of publications and citations in this field. Molecular structure development is
a pivotal point in this field. Research hotspots were diverse, including acute pain, opioid receptors, B-arrestin, postoperative pain,
therapeutic window, respiratory depression, clinical trials, and chronic pain.

Conclusion: Oliceridine, a newly developed analgesic, has garnered global interest. The USA is a leading contributor to this field.
Recent research has shifted from basic studies to clinical practice.
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Introduction

Opioid analgesics have revolutionized pain management and surgical procedures, yet opioid-related adverse events (ORAEs)
remain a major concern. The search for an ideal opioid agent that provides effective pain relief while minimizing side effects
continues. " Oliceridine, a novel opioid analgesic, was first introduced in 2013 as TRV130 by DeWire et al. It was approved by
the Food and Drug Administration (FDA) in 2020 — as the first drug that selectively activates the G protein-coupled opioid mu-
type opioid receptor (MOR), while limiting B-arrestin recruitment. It has shown promising analgesic efficacy in preclinical
studies.* Given its potent painkilling effects, reduced respiratory depression, and fewer gastrointestinal adverse effects,
oliceridine is increasingly used for postoperative analgesia and pain management outside the perioperative period.” Over the
past decade, research on oliceridine has steadily increased, shifting from basic pharmacological to clinical studies. However, the
overall oliceridine research landscape remains unclear. This study used bibliometric techniques to systematically synthesize and
visually analyze current research on oliceridine, aiming to provide a comprehensive overview, highlight key research, and offer
insights for future studies.
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Materials and Methods

Materials
A search was conducted in the Web of Science (WOS) core database using the search terms TS = (“oliceridine*” OR
“TRV 130*” OR “TRV-130*” OR “olinvyk*” OR “TRV130*” OR “C22H31CIN202S*”) from the inception of data up
to June 16, 2024, yielding 187 results. The relevant literature was exported in a pure text format (Figure 1).

The Web of Science Core Collection (WOScc) is a high-quality digital bibliographic database considered most
suitable for bibliometric analysis.® Thus, WOScc was the data source for this study.

Data Sources
The final dataset was curated meticulously to ensure consistency and accuracy involving the following:

e Synonym Consolidation: Terms that are semantically equivalent but differ in case or form were unified. For
instance, “ligand” and “ligands” were standardized to avoid ambiguity.

e Terminological Uniformity: Compound terms, such as “beta-arrestin-2 recruitment” and “beta-arrestin2 recruit-
ment”, were standardized to maintain consistency across the dataset.

e Author Name Expansion: Abbreviated author names were expanded to their full forms to prevent confusion and
ensure proper attribution.

Extensive standardization of synonyms was critical for accurate data analysis and interpretation, as it eliminates
ambiguity and inconsistencies in the dataset, enabling more reliable identification of research trends and collaborations.
Two authors independently reviewed the data. All disagreements were discussed among all authors, and the final decision
was made by the corresponding author.

Search for articles from the WOScc with
terms TS=("oliceridine*" OR "TRV 130*" OR "TRV-
130*" OR "olinvyk*" OR "TRV130*" OR
"C22H31CIN202S*") from the inception of data up to
June 16, 2024
(N=187)

Remove Duplicates
(N=0)

A

Studies after duplicated
removed(N=187)

Erase Errors(N=36)
R Not related

7”1 to oliceridine(N=33)
Correction(N=1)

A 4 Editorial Material(N=2)

Studies screened by title ,abstract
and full text(N=151)

Figure | Detailed process for literature screening.
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Analytical Tools

Bibliometrics is the use of statistical tools to uncover patterns, trends, and influential factors within academic publica-
tions. This study utilized data exported from the Web of Science Core Collection (WOScc) and employed software such
as VOSviewer (1.6.20), CiteSpace (6.3.R2), Excel (2016), Pajek (1.0.0), and Scimago Graphica (1.0.43) to analyze
various aspects of oliceridine-related literature. VOSviewer was chosen for its ability to create clear and intuitive network
visualizations,” and CiteSpace was selected for its advanced clustering and trend analysis capabilities.® Specifically,
publication time, authors, countries and regions, keywords, sources of literature, research hotspots, and co-cited
documents were analyzed. The relevant data underwent co-occurrence and aggregation operations, and visual maps
were created. Among CiteSpace’s clustering capabilities, the average silhouette value (S value) and modularity (Q value)
were used to assess clustering effectiveness. An S value > 0.5 indicates well-separated clusters, while a Q value > 0.3
signifies substantial configuration.

Results

Basic Information

This study included 151 relevant studies authored by 572 researchers from 209 institutions across 25 countries and
regions, published in 89 journals. Figure 2 shows a fluctuating increase in the number of studies, indicating sustained
research interest within the academic community and suggesting that future publications will continue to rise.

Analysis of Authors and Institutions
In alignment with Price’s Law, authors who have published more than m = 0.749 x \/ny.. papers within a specific
domain are considered core contributors. In this context, 7,y represents the total publications by the most prolific author,
which is 26. Therefore, those with a publication count of four or more are categorized as the core author group, totaling
19 individuals. Visual analytics Using VOS software reveal extensive collaboration among these core authors.

Soergel and Skobieranda are identified as the most prolific authors in this field (Figure 3A and B) (Table 1), each with
26 publications since 2013.

The VOS software analysis indicated that the research of Michalsky and Bergese is relatively new, represented by the
color yellow in the diagram (Figure 3C). Their current focus includes tolerability,” respiratory depression,'® and nausea
and vomiting'" associated with oliceridine, as well as its therapeutic application in geriatric patients.'?
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Figure 2 Distribution of annual publication volume.
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Figure 3 Visualization map of authors. (A) Cooperation networks between different authors. (B) Density visualization map of authors. (C) Timeline visualization map of
authors.
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Table | Most Influential Authors in Oliceridine Research

Rank Author Documents Citations Average Author’s Contributions

Citation/Publication
| Soergel, DG 26 1099 42.27 Clinical trials, animal testing, pharmacological studies
2 Skobieranda,F 26 747 28.73 Clinical trials, animal testing, pharmacological studies
3 Burt,DA 20 379 18.95 Clinical trials, pharmacological studies
4 Fossler,MJ 11 257 23.36 Clinical trials, pharmacological studies
5 Demitrack,MA |1 219 19.91 Clinical trials, pharmacological studies

The examination of institutions involved in this field highlights a collaborative network. VOS software delineates 13

distinct clusters, with Trevena, Inc. at the core. As the originator of oliceridine, Trevena Inc. has been crucial in

advancing the compound from preclinical to clinical stages through both in vitro and in vivo research. The company
has been instrumental in landmark trials such as the APPOLO-1, APPOLO-2, and ATHENA.
Prominent institutions such as SUNY Stony Brook, Medical University of South Carolina, Harvard Medical School,

Stanford University, and Duke University have also made significant contributions to oliceridine research. The Medical

University of South Carolina has partnered with Trevena Inc. to research oliceridine’s pharmacology and clinical use,

promoting its application in clinical practice. SUNY Stony Brook and Harvard Medical School have also published

research on oliceridine, exploring its mechanisms, evidence, and potential for postoperative pain management. Their

involvement has enriched the academic and clinical exploration of this innovative opioid analgesic (Figure 4).
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Figure 4 Institutional cooperation.
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Table 2 Top 10 Journals for Oliceridine Research

Rank Source Publications Citations Average
Citation/Publication

| Journal of Pain 7 14 2

2 Anesthesia and Analgesia 6 38 6.33

3 Journal of Pain Research 5 921 184.2

4 British Journal of Pharmacology 4 60 15

5 Pain and Therapy 4 41 10.25

6 International Journal of Molecular Sciences 4 18 4.5

7 Neuropsychopharmacology 4 5 1.25

8 Diseases of The Colon &Rectum 4 0 0

9 Trends In Pharmacological Sciences 3 395 131.67

10 Pain 3 376 125.33

Analysis of Journals in the Field

According to Bradford’s law, journals were categorized by publication volume into three groups: those with more than three
papers, with 2-3 papers, and with one paper, with a ratio of 8:26:55, closely aligning with Bradford’s law. Eight journals with
more than three publications are considered core journals in this field. The “Journal of Pain” leads in publication volume on
oliceridine, although its citation counts are notably lower. In stark contrast, the “Journal of Pain Research” not only has a high
publication output but also boasts the highest citation count, with an impressive total of 921 citations and an average citation
rate of 184.2 per article, highlighting significant recognition of its content by the academic community. Furthermore, classical
journals, such as “Pain” and “Trends in Pharmacological Sciences”, while not publishing a large volume of articles on this
topic, are highly regarded, with average citation counts of 125.33 and 131.67, respectively (Table 2).

Dual-Map Overlay of Journals

The dual-map overlay visually represents citation connections between citing and cited journals, with the left side
showing citing journal clusters and the right side depicting cited journal clusters. The yellow paths indicate that journals
in Molecular Biology and Genetics are most often cited by journals in Molecular Biology and Immunology. Similarly, the
green path shows that journals in molecular biology, genetics, and nursing medicine are most likely to be cited by
journals in the medical, clinical, and healthcare sectors (Figure 5).
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Figure 5 Dual-Map overlay of journals. The dual-map layout displays journal citations, with citing journal on the left and cited journals on the right.
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Analysis of Country/Region Distribution
There is a notable disparity in publication output among countries in oliceridine research. The United States leads with
100 publications and has accumulated 3569 citations, establishing its central role in this field (Figure 6A and B). China

ranks second in publication volume, but has a low average citation count of only 11.87. Australia has the highest average
citation rate at 73.4 (Table 3).
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Figure 6 Visualization map of countries and institutions. (A) Citations from different countries. (B) World map of countries’ cooperation. The size of the points represents
the number of publications, the color represents different clusters, and the thickness of the lines represents the strength of collaboration.
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Table 3 Top 5 Countries Pioneering Oliceridine Research

Rank | Country Publications | Citations | Average
Citation/Publication

[ United States 100 3569 35.69

2 China I5 178 11.87

3 United Kingdom | 13 661 50.84

4 Italy 7 129 18.43

5 Australia 5 367 734

5 Germany 5 346 69.2

Keywords Analysis
Using CiteSpace 6.3, R2 was set to slice =1 and g-index k=30 to ensure consistent node information in each time slice.
Larger circles represent higher frequencies of occurrence, with purple circles indicating pivotal nodes with a betweenness
centrality greater than 0.1.

Co-Occurrence of Keywords

The term with the highest centrality is “analgesia” at 0.29, followed by “double blind” at 0.20. Morphine and the mu
opioid receptor lead in citation count, each with 40 citations. Table 4 presents the top ten keywords ranked by citation
counts and centrality.

Cluster of Keywords

Keywords are classified into 11 main clusters (Q value = 0.5156, S value = 0.8037): #0 acute pain, #1 TRV 130, #2 opioid
receptor, #3 beta-arrestin, #4 postoperative pain, #5 therapeutic window, #6 respiratory depression, #7 heroin, #8 clinical
trial, #9 chronic pain, and #10 protein-coupled receptors. A high silhouette value of 0.8037 indicates clear cluster delineation,
and a modularity value of 0.5156 supports the existence of substantial clustering (Figure 7A and B) (Table 4).

Table 4 Top 10 Citation Counts and Centrality Nodes in Keywords

Rank | Citation Counts | Node Name Centrality | Node Name
| 40 Morphine 0.29 Analgesia

2 40 Mu opioid receptor | 0.20 Double blind

3 38 TRVI30 0.15 Activation

4 27 Analgesia 0.15 Agonist

5 26 Ligand 0.14 Biased ligand
6 25 Protein biased ligand | 0.14 Buprenorphine
7 21 Management 0.12 Pain

8 20 Discovery 0.12 Investigating

9 20 Moderate 0.11 Postoperative pain
10 18 Investigating 0.10 Beta arrestin

Notes: Betweenness Centrality, calculated using CiteSpace, measures the importance of nodes in
a network. A higher Betweenness Centrality indicates a greater “bridge” role in the network, significantly
influencing information flow and network connectivity.

Abbreviation: Centrality, Betweenness Centrality.
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Figure 7 Visualization map of keywords. (A) Network of keywords. The size of the nodes represents the number of occurrences, and the depth of the color represents the
average occurrence year of the keywords. Nodes with a purple hue signify high centrality, marking them as pivotal nodes. (B) Clustered network map of keywords. The
same color represents a cluster. (C) The top 10 keywords with the strongest citation bursts. The red segment of the blue line indicates the period of citation surge for the
reference. (D) Timeline view of keywords analysis, showing the time points at which different keywords emerge and vanish within each cluster.

Timeline View Keyword Clusters and Keyword Bursts

The top-ranked item by bursts is “discovery” with bursts of 3.26, followed by “healthy volunteers” with bursts of 3.04, and
“knockout mice” with bursts of 2.61. Early oliceridine research focused on “knockout mice”, “functional selectivity” and “beta
arrestin 2” from 2013 to 2018. Current keywords include “moderate”, “receptor”, and “protein biased ligand” (Figure 7C). The
clusters that have persisted to the present are 0 # acute pain, 1 # TRV130, 4 # postoperative pain, and 5 # therapeutic window

(Figure 7D).

Co-Citations Analysis

Co-Occurrence of Co-Citations

The top-ranked item by citation counts is Viscusi ER, 2019, J Pain Res, with 48 citations. The top-ranked item by
centrality is Varadi A, 2016, J] Med Chem, with a centrality of 0.15.

Cluster of Co-Citations

The diagram shows that co-cited literature is divided into several distinct clusters (Q=0.7824, S=0.9094). Cluster #1,
focusing on the conformational state, is central to the research continuum. The article “Manglik A, 2016, Nature” is
significant within this cluster. Cluster #5 functional selectivity, #7 promise, and #9 morphine have progressively refined
Cluster #1. Research advances from Cluster #1 to Cluster #2, novel synthetic opioids; #15, morphine-induced side
effects; #4, pain management; and ultimately, to Cluster 0, oliceridine injection (Figure 8A and B) (Table 5).

Timeline View Co-Citation Clusters and Co-Citation Bursts

The most intense bibliographic burst occurred in DeWire (2013), published in the Journal of Pharmacology and Experimental
Therapeutics, from 2013 to 2018. Ongoing burst literature includes studies by Gillis A (2020) in Science Signaling, Bergese
S (2020) in Pain Research and Management, Beard TL (2021) and Brzezinski M (2021) in Pain Therapy (Figure 8C and D).
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Discussion

of co-citations analysis, showing the time points at which

Our bibliometric analysis of oliceridines research, based on data from the WOScc database, revealed a progression from

basic molecular studies to clinical applications over recent decades. The study illustrated trends in publication volume,

Table 5 Top 10 Citation Counts and Centrality Nodes in Co-Citations

Rank | Citation Counts | Node Name Centrality | Node Name

| 48 Viscusi ER, 2019, ] PAIN RES"? 0.15 Varadi A, 2016, | MED CHEM'*

2 47 Singla N, 2017, ] PAIN RES'® 0.13 Fenalti G, 2014, NATURE'®

3 46 Singla NK, 2019, PAIN PRACT'” 0.12 Burford NT, 2015, ] MED CHEM'®

4 46 Manglik A, 2016, NATURE'? 0.12 Kruegel AC, 2016, ] AM CHEM SOC%
5 43 Viscusi ER, 2016, PAIN?' 0.11 Kliewer A, 2019, NAT COMMUN?

6 40 Schmid CL, 2017, CELL* 0.11 Algera MH, 2019, BRIT | ANAESTH?*
7 34 Altarifi AA, 2017, ] PSYCHOPHARMACOL? | 0.11 Viscusi ER, 2019, | PAIN RES'3

8 26 Gillis A, 2020, SCI SIGNAL?® 0.11 Manglik A, 2016, NATURE'?

9 23 Kliewer A, 2019, NAT COMMUN? 0.11 Soergel DG, 2014, | CLIN PHARMACOLY
10 23 Bergese SD, 2019, | PAIN RES® 0.10 Hill R, 2018, BRIT | PHARMACOL?®

Notes: Betweenness Centrality, calculated using CiteSpace, measures the importance of nodes in a network. A higher Betweenness Centrality indicates a greater

“bridge” role in the network, significantly influencing information flow and network connectivity.
Abbreviation: Centrality, Betweenness Centrality.
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authorship distribution of authorship, geographic connections, co-citation, and aggregation, despite including only 151
articles on oliceridine published between March 2013 and June 2024. The analysis highlights current research hotspots
and future prospects.

Basic Information Analysis
The publication volume on oliceridine has fluctuated, Showing a notable increase in publication from 2016 to 2021,
likely due to advancements in molecular studies and clinical research.

The United States leads in oliceridines research and development, with the highest impact in publications and
citations. The United States’ leadership in oliceridine research can be attributed to its strong pharmaceutical industry,
robust funding for biomedical research, and a culture that encourages innovation and collaboration between academia,
industry, and regulatory agencies. Oliceridine was originally developed by Trevena, Inc., a U.S.-based company, in 2013
and remains the most productive contributor in this field, solidifying the United States’ leading position in this area. In
August 2020, the US Food and Drug Administration (FDA) approved oliceridine for market use. By May 2023,
oliceridine has also achieved market certification and passed audits in China, facilitating further research in this populous
country. In this specialized field, 19 core authors have been identified, with two—Soergel DG and Skobieranda F—being
particularly productive. These authors played pivotal roles in oliceridine research, contributing to major studies like
APPOLO-1, APPOLO-2, and ATHENA. Both Soergel DG and Skobieranda F are affiliated with Trevena Inc.
(Chesterbrook, PA, USA) and have collaborated closely in pharmaceutical development. However, their affiliation
with Trevena Inc. raises potential conflicts of interest. The “Journal of Pain Research” has a high publication output
and the highest citation count, largely driven by a single high-impact review article that garnered 654 citations. This
article addressed clinical challenges and therapeutic strategies for inadequate postoperative pain management, high-
lighting oliceridine’s potential to provide rapid analgesic effects and reduce adverse events. This prominence may be
attributed to the journal’s open-access status, which makes its research findings more accessible and easily citable
However, this accessibility could also introduce biases in citation metrics, as articles from open-access journals might be
cited more frequently due to their availability rather than solely based on their scientific quality. Despite ongoing debates
about open-access journals, they have facilitated the dissemination and advancement of research on this medication.
Renowned journals such as “Pain” and “Trends in Pharmacological Sciences” have fewer articles on oliceridine but
maintain high-quality standards and produce frequently cited articles, reinforcing their impact.

Analyses Based on Co-Citations

Cited references form the foundation of research by indicating key works, with highly central articles representing pivotal
nodes in the academic domain.® In 2016, Varadi A was identified as the most significant article with a betweenness centrality
of 0.15 from a co-citation perspective. This study examined mitragynine pseudoindoxyl (similar to TRV130), which exhibited
fewer side effects compared to morphine, such as tolerance, dependence, and respiratory depression.'* As for total citations,
Viscusi ER’s ranked highest with 48 citations. This randomized, placebo, and active-controlled Phase III trial demonstrated the
clear efficacy of oliceridine for postoperative analgesia, with reduced respiratory depression and gastrointestinal side effects.'*
Timeline and burst literature analyses revealed that DeWire SM’s 2013 publication had the highest burst strength from 2013 to
2018. This seminal article, the first to introduce TRV130 into human embryonic kidney cells and mice, demonstrated that
oliceridine had superior analgesic efficacy compared to morphine.® The citation burst period, which ended in 2024, focused
primarily on comparative analyses between oliceridine and morphine, highlighting the evaluation of benefits and risks

regarding respiratory depression and analgesic potency,>”*

regulatory mechanisms and signal transduction pathways of
opioid receptors,*® and reducing nausea and vomiting as adverse effects.'' In sub-group patients, such as those over 65 years
old or those with a higher Body Mass Index (BMI), the administration of oliceridine post-surgery does not increase the risk of
Opioid-Induced Respiratory Depression (OIRD)."

Cluster dependencies help identify inter-cluster dependencies and the continuity of transitions from one cluster to
another. Examination of the cluster graph showed that research in cluster #5 (functional selectivity), cluster #7 (promise),
and cluster #9 (morphine) progressively deepened and refined, leading to the formation of cluster #1 (conformational

state). Using Cluster #1 as a pivotal node, research advanced to cluster #2 (novel synthetic opioids), cluster #15
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(morphine-induced side effects), cluster #4 (pain management), and ultimately, to cluster #0 (oliceridine injection). This
aligns with the dual-map overlay analysis of the journals. Analysis of the literature within clusters, particularly articles
with high citation counts and centrality, revealed that breakthroughs in conformational analysis of the mu-opioid receptor
(MOR) were key nodes. This result also indicates that such breakthroughs are crucial for the research of novel opioids,
significantly advancing their clinical studies. Research on molecular conformation is a key focus for future exploration of
new opioid drugs. These breakthroughs, combined with the refinement of animal experiments and clinical trials, have
created a knowledge map in this field.

Analysis of Molecular Identification Based on Co-Citations

In the 1990s, the MOR was established as a crucial role for opioid analgesia.>' Common opioid drugs such as morphine
and fentanyl exert their analgesic effects primarily through the G protein signaling pathway, but they also trigger B-
arrestin, recruitment, leading to opioid-related adverse events. Fenalti G, in 2014 (centrality 0.11), first provided the high-
resolution crystal structure of the human §-opioid receptor at 1.8 A, revealing the specific location and mechanism of
action of sodium ions within the receptor. This discovery provides a theoretical foundation for understanding the novel
regulatory mechanisms of G Protein-Coupled Receptors (GPCRs).'® Subsequently, the binding process of TRV130 with
activated MOR was analyzed using multi-microsecond timescale all-atom molecular dynamics (MD) simulations, which
revealed a stable conformation and energetically favorable binding pathway of TRV 130 at the orthogonal site of MOR.*
Manglik A, in 2016 (46 citations),' used computational methods to screen and optimize the molecular scaffold, leading
to the discovery and synthesis of PZM21— a G protein-biased MOR agonist with reduced B-arrestin-2 recruitment,
similar to oliceridine. In 2018, Kennedy et al further elucidated the synthesis and optimization of G protein-biased MOR
agonists, specifying essential molecular structural characteristics for binding to MOR and eliciting biological effect,
including the central ring structure, its dimensions, the N-benzyl substituent, and the substituents on the benzimidazole
ring. Additionally, they identified that certain hydrophobic substituents, such as halogen atoms, play critical roles in
achieving extreme G protein coupling bias.*® Researchers employed MD simulations to suggest that TRV130’s interac-
tion with specific MOR residues downregulates -arrestin signaling, while hydrophobic ring interactions bias the receptor
towards G protein activation.’* Recent research as of 2022 utilized cryo-electron microscopy to determine the structures
of the MOR-G protein complex bound to various opioid drugs, providing detailed views of the interactions between these
drugs and the receptor.’® This study showed that TRV130’s pyridine ring is tilted 35 degrees relative to fentanyl’s
N-phenylamine group, resulting in weaker hydrophobic interactions with GPCR’s TM6 and TM7, which may explain its
diminished P-arrestin signaling.>

Analysis of Animal Testing Based on Co-Citations

Previous studies have indicated that B-arrestin2 knockout in mice can reduce side effects such as respiratory depression
and constipation and also decrease the tolerance to morphine.*® In 2013, Dewire et al found that TRV130 showed less
respiratory depression and better gastrointestinal tolerance than morphine and fentanyl in mice, but also had lower oral
bioavailability.® Using cellular research andp-arrestin-2 gene-knockout mice, Chen et al confirmed that G protein-biased
MOR agonists can enhance analgesic effects while reducing adverse reactions.* Schmid CL, in 2017 (citations 40),
suggested that TRV 130 emerged as a G protein-biased MOR agonist, displaying a larger therapeutic window compared to
B-arrestin-biased agonists, such as fentanyl, indicating that TRV 130 exerts analgesic effects and reduces the incidence of
respiratory depression.?

However, animal studies have indicated that TRV 130 can produce adverse effects similar to traditional opioids with
varying administration routes and dosages. In a study by Altarifi AA, in 2017 (34 citations), acute TRV130 administra-
tion demonstrated significant analgesic effects with minimal gastrointestinal suppression and low abuse potential in
rodents. However, chronic treatment did not lead to antinociceptive tolerance but resulted in gastrointestinal effects
similar to morphine and increased the risk of abuse. Naltrexone pretreatment significantly inhibited intracranial self-
stimulation behavior in rats.>> Additionally, administration of TRV 130 at a lower dose, specifically 100 ng applied to the
dorsal surface of the rat’s hind paw, resulted in hyperalgesia.>’ Algera MH, in 2019 (centrality 0.11), indicated that
naloxone is preferred for reversing TRV130-induced respiratory depression, though it might precipitate pain and
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withdrawal. Non-opioid antagonists such as ketamine, GAL021, and doxapram are alternative reversal agents.**
Concurrently, research is underway on other MOR agonists similar to oliceridine that do not recruit P-arrestin-2.
Varadi A, in 2016 (centrality 0.15), discovered that mitragynine pseudoindoxyl exhibits strong analgesic effects, with
slower development of tolerance, milder respiratory and gastrointestinal suppression, and lower addictive potential.'**°
Manglik (2016) reported that TRV 130 still caused respiratory depression in mice, whereas PZM21, at equianalgesic
doses, hardly induced respiratory suppression or addictive behaviors, with its analgesic effect lasting up to 180 minutes,
significantly longer than morphine and TRV 130. Gillis A, in 2020 (26 citations), evaluated the profiles of new MOR-
biased agonists, revealing that oliceridine, PZM21, and SR-17018 had lower intrinsic efficacy than morphine in all
G protein signaling pathways. This led to the proposal of the “low intrinsic efficacy” hypothesis, suggesting that agonists
with low intrinsic efficacy, despite limited receptor activation, can produce sufficient analgesia without strong side
effects, potentially reducing complications.”® This theory explains explain the advantages of TRV130.

However, some studies have reported contradictory findings. Kliewer A, in 2019 (23 citations, centrality 0.11),
showed that in MOR phosphorylation-deficient mice, despite a significant reduction in B-arrestin recruitment, side effects
such as respiratory depression and constipation were not reduced but rather worsened, indicating that these effects might
be mediated through B-arrestin-independent mechanisms.? Further studies are required to clarify the causes of respira-

tory depression and constipation in mice with defective MOR phosphorylation.

Analyses of Clinical Trials Based on Co-Citations

In the first clinical trial with healthy volunteers, Soergel DG (2014) (centrality 0.11) demonstrated that a single dose of
TRVI130 (3.0 mg or 4.5 mg) provided better pain relief than a single 10 mg dose of morphine while reducing
gastrointestinal and respiratory side effect. Lower doses of TRV130 (1.5 mg and 3.0 mg) also showed a reduced
incidence of nausea and vomiting.*® In a Phase 2 randomized controlled trial conducted by Viscusi in 2016 (citations
43), TRV130 (2 mg/3 mg every 3 h) provided effective pain relief within 5 minutes of administration, significantly better
than morphine (4 mg every 4 h), with a greater reduction in average pain intensity compared to placebo over 48-hour.?!
In a 2017 Phase IIb study by Singla N (citations 47), patients received intravenous oliceridine PCA (Patient-Controlled
Analgesia) postoperatively. The oliceridine regimen (loading dose 1.5 mg/patient-controlled dose 0.35 mg) provided the
shortest median time to pain relief (0.3 hours), superior to both a lower-dose oliceridine regimen (1.5 mg/0.10 mg) and
morphine (4.0 mg/1.0 mg)."” Subsequent analysis of Phase I and II studies led to the development of a population PK/PD
model, considering body weight, gender, and CYP2D6 metabolism, and identifying the EC50 of Oliceridine for pain
relief as 10.1 ng/mL (95% CI, 8.4-12.1 ng/mL).*® The frequently cited APOLLO-1 trial by Viscusi ER, 2019 (citations
48), a Phase 3 randomized, controlled, double-blind, placebo, and multicenter study, of oliceridine in postoperative pain
management following bunionectomy. Patients receiving oliceridine (1.5 mg loading dose) followed by patient-
controlled analgesia with (0.1 mg, 0.35 mg, or 0.5 mg demand doses) had faster and more effective relief from moderate-
to-severe pain compared to morphine (4 mg), with improved safety and tolerability, particularly regarding respiratory and
gastrointestinal side effects, The incidence of nausea and vomiting was dose-dependent.'® In the APPOLO-2 phase 3
study, Singla NK in 2019 (citations 46) various doses of Oliceridine were assessed, revealing that Oliceridine had a lower
respiratory safety burden than morphine, with the 0.35 mg demand resulting in fewer nausea and vomiting incidents than
morphine, and the 0.5 mg dose showing similar incidences.'” In the ATHENA phase 3 trial by Bergese SD, 2019
(citation 23), involving 41 centers, demonstrated that intravenous oliceridine or PCA significantly reduced pain scores
within 30 minutes. Common side effects are mild to moderate nausea (31%), constipation (11%), and vomiting (10%),
with 2.9% of patients experiencing prolonged ECG QTc intervals, potentially linked to electrolyte imbalances or QTc-
prolonging medications. No deaths or severe complications were reported.’

While these studies closely mimicked real-world conditions and focused on the safety and efficacy during the acute
treatment phase, they did not assess the long-term safety of oliceridine. Additionally, certain populations, such as patients
with chronic pain or cancer, were underrepresented. Future studies should include more diverse patient populations to
evaluate oliceridine’s applicability in a wider range of clinical scenarios.
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Analyses of Theme Trends and Hot Topics Based on Keywords

The keywords highlight current research hotspots and frontiers. We conducted cluster, frequency, and centrality analyses
for these keywords. The specific categorization of keyword clustering into 11 classifications was as follows: 0: acute
pain, 4: postoperative pain, 5: therapeutic window, 6: respiratory depression, 8: clinical trial, and 9: chronic pain. This
indicates that the research emphasis is centered on the mechanism of action of oliceridine, side effects such as respiratory
depression and addiction, management of acute and chronic pain, and clinical trials. These findings align with the results
of the co-citation analysis.

The burst analysis of keywords reveals that “Discovery” (strength 3.26), “healthy volunteers” (strength 3.02), and
“knockout mice” (strength 2.58) exhibit the highest burst strength. Early research focused on mechanism studies and
animal experiments, with keywords such as “functional selectivity” and “knockout mice” persisting from 2013 to 2019.
The midterm focus shifted to clinical trials involving “healthy volunteers” from 2016 to 2018. The current focus is on
studies related to “moderate” and “receptor”. “Analgesia” (centrality 0.29) and “double blind” (centrality 0.20) have the
highest betweenness centrality, indicating that research related to analgesia and double-blind methodology is a key point
and turning point in the current research field of oliceridine. The keyword “Discovery” (strength 3.26) indicated that the
main research objective was to explore this new drug, the first biased agonist opioid. Around the keyword “knockout

mice” (strength 2.58), the efficacy, safety, dosage, antagonists, adverse reactions,'?>>4°

and addiction potential of
oliceridine in mice have been gradually explored, clarifying that the B-arrestin2 pathway is responsible for morphine
tolerance, while the Gi signaling pathway is associated with respiratory depression and constipation, significantly related
to phosphorylation sites S363 and T370.*' Focusing on the keyword “healthy volunteers” (strength 3.02), the exploration
revealed that oliceridine exhibits stronger analgesic effects, rapid onset, and milder opioid-related side effects than
morphine; however, it still presents adverse reactions such as respiratory depression, nausea, dizziness, constipation,
itching, and prolonged QT interval.

Analysis of the timeline indicated that clusters 0 # acute pain, 1# TRV 130, 4 # postoperative pain, and 5 # therapeutic
window have persisted to the present. This suggests that the current research is primarily focused on the precise
application of oliceridine in managing acute pain and postoperative analgesia.*’ Rat self-administration experiments
and hot-plate analgesia tests suggest that G protein-biased MOR agonists do not offer an advantage in expanding the
therapeutic window.*> However, the current body of research suggests that oliceridine has a broader therapeutic window
than morphine or fentanyl in the management of acute pain and postoperative analgesia compared to morphine or
fentanyl.'>2'-** This is believed to be related to its low intrinsic agonist efficacy.?® Phase I clinical trials have established
that a single intravenous dose of 3 mg of oliceridine in healthy volunteers is effective, providing analgesia with lower
respiratory depression, nausea, and vomiting.”® In patient-controlled analgesia (PCA) treatment, patients aged 18-65
using a loading dose of 1.5 mg and a self-controlled demand dose of 0.35 mg can rapidly and effectively achieve potent
analgesia with minimal side effects.>* The therapeutic window of oliceridine in specific patient populations is also the
focus of current research.'® For example, elderly patients exhibit increased sensitivity to opioids. Recent studies have
shown that in older adults (ages 55—89), oliceridine administered intravenously over more than 60 seconds at a low dose
of 0.5 mg is safe, while a dose of 2 mg can cause respiratory depression. The peak effect occurs within 0.5 to 1 hour after
administration, but the onset and offset of respiratory depression are significantly faster than those of morphine,
approximately five times faster, with less intensity of respiratory depression.'? According to the ATHENA trial data,’
oliceridine demonstrates a broader therapeutic window for elderly patients (aged >65 years) and obese patients (BMI
>30 kg/m?) compared to commonly used opioids such as morphine and fentanyl.'® However, the study had a relatively
small sample size and insufficient coverage. Further research is required to confirm the safety of oliceridine in these
patients. Additionally, the therapeutic window for special patient groups, including children, pregnant women, patients
with chronic pain, patients at high risk of postoperative vomiting and nausea (POVN), and those with sleep apnea,
requires further exploration. Concurrently, similarly biased agonists like PMZ21 have shown lower respiratory depres-
sion and addiction potential than oliceridine,'® suggesting a potentially broader therapeutic window. Rigorous rando-
mized controlled trials (RCTs) comparing oliceridines with these agents are necessary in the future.
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Limitations

The current study had several limitations. First, we only selected the WOScc database for enrolling English-language
literature, potentially omitting some studies. However, as WOScc is widely used in bibliometric analysis, we considered it
comprehensive enough to depict the current research status of oliceridine. Second, as a newly developed analgesic, only 151
articles about oliceridine were included due to its recent introduction into clinical practice, and the ongoing nature of
bibliometric analysis meant that recent publications were not included. Additionally, the limited number of human studies
on oliceridine necessitates further research to clarify its clinical role and characteristics. Future studies should use larger
sample sizes, more comprehensive databases, and include unpublished research data to ensure that the conclusions more
accurately reflect real-world scenarios. Despite these limitations, this study provides a valuable overview of the current status
and development trends in the field, offering crucial references and information for future oliceridine research and the
development of new opioid drugs.

Conclusion

Oliceridine, an innovative opioid analgesic, has garnered significant research interest, especially for its clinical applica-
tions. We utilized visualization tools like VOS Viewer and CiteSpace to conduct a visual analysis of oliceridine research
trends, providing pain management professionals with insights into its pharmacological properties and key aspects.
CiteSpace’s Cluster Dependencies feature provides a comprehensive view of the oliceridine research landscape, high-
lighting its pivotal points. Future studies should focus on large-scale, randomized trials to expand oliceridine’s
therapeutic profiles and assess benefits and risks in diverse populations, beyond surgical settings. Emphasis should be
placed on long-term and patient-reported outcomes, personalized treatment protocols, and the development of molecular
structures. Additionally, international collaboration, particularly between the US and China, is crucial for advancing the
global research agenda on oliceridine.
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