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The opioid epidemic among children and adolescents
in North America is a growing concern. Between 1999
and 2018, 8,986 children and adolescents lost their lives
due to opioid overdose, resulting in a rising mortality
rate from 0.21 to 0.81 per 100,000 children/year [1].
The recent COVID-19 pandemic has further exacerbated
the situation by impeding the development of new
treatments and patient access to healthcare [2,3]. Given
the magnitude of the crisis, there is an immediate need
for the development of safer opioids and alternative
interventions to minimize opioid-related deaths. In
this article, we will explore three promising discoveries
targeting different mechanisms of opioid adverse
effects, particularly among the pediatric population.

A notable and direct solution to reduce opioid-
related mortality is to develop opioids that are free of
respiratory side effects. Recently, oliceridine, a novel
mu-opioid receptor (MOR) agonist, has been approved
by the Food and Drug Administration for the treatment
of moderate to severe pain [4]. In contrast to the
conventional opioids with both G-protein and B-arrestin
agonism, oliceridine exerts its effect on the G-protein
coupled pathways (biased agonism). This is hypothesized
to minimize respiratory depression effects. Randomized
trials comparing oliceridine and conventional opioids
demonstrated its analgesic efficacy and superior safety
profiles, particularly in protecting against respiratory
depression at clinical doses [5,6]. Although oliceridine
studies were largely based on the notion of biased
agonism, the true mechanisms of oliceridine are yet
to be elucidated. Studies in B-arrestin knocked-out
mice showed that opioid side effects are likely due
to G-protein-mediated pathways, contradicting the
theory of biased agonism. From the pharmacodynamic
standpoint, oliceridine might essentially be a partial
agonist with low intrinsic efficacy, thus reducing side
effects [7]. In theory, oliceridine has potential benefits
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for the pediatric population, which is particularly
vulnerable to opioid side effects. Additional clinical trials
focusing on its safety and efficacy in this population
are still warranted. Another potential pharmacologic
approach is to prevent MORs from inducing respiratory
depression effects.

Animal studies demonstrated that specific groups of
MORs in the preBétzinger complex (preB6tC) and the
parabrachial nucleus (PBN) are largely responsible for
opioid-induced respiratory depression (ORID), with PBN
being the major contributor. MOR agonists developed
specifically to be devoid of these specific MORs
interactions will likely be free of ORID. However, due
to the lack of pharmacologic specificity of these MORs,
although attractive, it is currently impossible [8].

Researchers have been looking for new reversal
agents secondary to the increasing number of fatal
opioid overdoses and reports of intranasal naloxone’s
limited half-life and efficacy in reversing severe ORID
[9]. Drugs with respiratory stimulant effects have
been extensively researched as naloxone alternatives,
although with limited success in clinical implications
[10]. Another novel approach targeting fentanyl-
related ORID is by accelerating its elimination. Although
fentanyl’s half-life is relatively short, the elimination is
dose-dependent and its context-sensitive half-time can
be significantly long. To overcome this pharmacologic
characteristic, an alternative pathway has been
investigated. A recent study [11] in rats has shown that
Calabadion 1 (CLB1), a novel container molecule, can
selectively encapsulate free-form fentanyl in circulation,
similarly to what sugammadex does to rocuronium.
In this randomized placebo-controlled trial [11], CLB1
treatment resulted in the dose-dependent reversal of
ORID in anesthetized rats. Following encapsulation,
the CLB1-fentanyl complexes can be readily excreted
by the kidney, thus avoiding the re-narcotization seen
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with naloxone. Another unique property of CLB1 is the
affinity to fentanyl (100-fold) compared to morphine.
This highly specific binding could benefit perioperative
use when fentanyl is combined with other long-acting
opioids. In this scenario, CLB1 can reverse ORID from
fentanyl without reversing the analgesic effects of other
opioids such as morphine, mitigating the risk of inducing
unwanted pain. CLB1 might be of limited value in the
event of non-hospitalized, life-threatening ORID where
immediate reversal of unknown opioids is necessary.
Further trials are still needed before CLB1 will be
available for clinical use.

An opioid vaccine is another promising intervention
that could reduce opioid-related mortality and
could be one of the most effective interventions.
Researchers have recently developed anti-fentanyl
vaccines and successfully tested them on animals. This
immunotherapy approach is an alternative intervention
to target opioid use disorder which currently depends
mainly on pharmacotherapeutics that require patient
compliance and long-term monitoring [12]. The
proposed mechanism is that the anti-fentanyl IgG could
bind to fentanyl in the circulation, creating the fentanyl-
antibody complexes that cannot cross the blood-brain
barrier. The results are diminished analgesic and
behavioral effects, and prevention of ORID [13]. In a
recent study [14], researchers gave rats three fentanyl-
antigen vaccine injections (3-week intervals) that
resulted in the detection of anti-fentanyl IgG antibodies
in blood samples four weeks later. In the tenth week
after immunization, vaccinated and non-vaccinated rats
were injected with high-dose fentanyl. Non-vaccinated
rats developed profound respiratory depression, while
vaccinated rats did not. Additionally, brain fentanyl
concentrations were significantly higher in the non-
vaccinated rats confirming the hypothesis of fentanyl-
IgG complexes and blood-brain barrier permeability. In
a related study [15], researchers utilized carfentanil, a
highly potent synthetic opioid, structurally similar to
fentanyl, and developed vaccines that induce antibody
production in mice. The vaccinated mice exhibited
attenuated behavioral effects as well as lower brain
concentrations of fentanyl compared to the control.
These protective effects were still evident at eighty
days after immunization, indicating the long half-life
of the antibodies. Undoubtedly, opioid vaccines can
significantly supplement the treatment of opioid use
disorders in the future. This is particularly advantageous
in adolescents because the difficulty in accessing
treatments for opioid use disorders [16].

With these promising approaches in mind, we still
have to consider the disparity between the availability
of new drugs for adults and children that has existed
for a long time [17]. Drugs are typically tested in adults
first prior to the pediatric population. Historically,
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approximately ten years are the average amount of
time for a drug approved in the adult population to
receive approval for use in the pediatric [18]. However,
legislation such as the Pediatric Research Equity Act
(PREA) and the Best Pharmaceuticals for Children
Act (BPCA) hopefully helps to facilitate studies of
future drugs to intervene opioid epidemic in pediatric
populations. In case of COVID-19 vaccine development,
it was an extremely fast approval time for pediatric use.

Opioid crisis is a complex and multifaceted problem
requiring comprehensive solutions. Clinically, optimizing
opioid prescriptions can be readily performed. Screening
for the risks of opioid misuse should be routine before
prescribing to adolescents. Patients and families should
be educated on the benefits and risks of opioids.
Means of safekeeping and discarding unused pills
should be clearly communicated [19]. Comprehensive
educational programs involving adolescents, teachers,
and healthcare providers are available and should be
promoted. Concurrently, bench-to-clinical translation
research, drug discoveries, and novel treatment
modalities can all be keys to overcoming the opioid
crisis. As seen in the COVID-19 vaccine development,
scientific progress has advanced at an unprecedented
pace. With continued ingenuous efforts, we can hope to
conquer this battle.
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